
 
 

 
 

 

Ain Shams University 

Faculty of Engineering 

Electronics and Communications Engineering Department 

 

 
DESIGN AND IMPLEMENTATION OF RADIO RESOURCES 

CONTROLLER OF WCDMA 
 
 
 

A Thesis  
Submitted in partial fulfillment for the requirements of the degree of Master of Science in Electrical 

Engineering 
 

(Electronics and Communications Engineering) 

 
 

 
Submitted By  

 
Ahmed Mohamed Abbas Hafez 

B. Sc. Electronics & Communications Engineering 
 

 
Supervised By 

 
Prof. Dr. Abdelhalim Zekry 

Electronics and Communications Engineering Department, 
Faculty of Engineering, Ain Shams University 

 
           Prof. Dr. Imbaby I. Mahmoud                                     Assistant Prof. Hussein A. Elsayed 
Engineering and Scientific Instrument Department,                   Electronics and Communications Engineering Department, 
Nuclear Research Center, Atomic Energy Authority                           Faculty of Engineering, Ain Shams University 

 
 

 
Cairo 2012 



 
 

 

ACKNOWLEDGMENT 
 
 
 

All praise and glory to Allah the Most Merciful the Most Kind. 

 

My sincere and earnest thanks to my beloved mother for her continuous support, guidance 

and encouragement. 

 

My deepest gratitude and appreciation to my thesis advisors Prof. Dr. Abdelhalim Zekry, 

Prof. Dr. Imbaby Mahmoud and Assistance Prof. Dr. Hussein Elsayed for their continuous guidance, 

encouragement and support throughout my work and in the writing of the dissertation. I am truly 

indebted and thankful for their great efforts that helped bring this thesis to fruition. 

 

Especial gratitude to my friends Eng. Amin Elsaeed, Eng. Zohdy Sayed and Eng. Allam 

Shihata for their technical support and encouragement. Many thanks to all friends and colleagues in 

Thebes Academy, Telecom Egypt and Atomic Energy Authority. 

 

Finally, I would like to express my gratitude to Atomic Energy Authority for its financial, 

technical and time support. 

 



 

 

 

 

 

 

Ain Shams University 
Faculty of Engineering 

Electronics and Communications Engineering Department 

 

 

Judgment Committee  

 

Name:         Ahmed Mohamed Abbas Hafez 

Thesis:        Design and Implementation of Radio Resources Controller of WCDMA 

Degree:       Master of Science in Electrical Engineering 

 

Name, Title Affiliation         Signature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date:      /    /



 

 

 

 

 

 

Ain Shams University 
Faculty of Engineering 

Electronics and Communications Engineering Department 

 

Statement 

 

This dissertation is submitted to Ain Shams University in partial fulfillment of 

the degree of Master of Science in Electrical Engineering (Electronics and 

Communications Engineering). 

 

The work included in thesis was carried out by the author at the laboratories of 

the department of Engineering and Scientific Instrument, Nuclear Research Center, 

Atomic Energy Authority. 

 

No part of this thesis has been submitted for a degree or qualification at any 

other university or institute. 

 

 

 

 

                                                                            

Name          :         Ahmed Mohamed Abbas 

Signature    : 

Date  : 

                                                                  
 
 
 
 
 



 

 

 

 

 

 

Ain Shams University 
Faculty of Engineering 

Electronics and Communications Engineering Department 

 

 

Curriculum Vitae 

 

Name of the researcher : Ahmed Mohamed Abbas Hafez 

Date of Birth   : 12- 11- 1983 

Place of Birth   : Kuwait State 

Nationality   : Egyptian 

First University Degree : B.Sc in  

Electronics and Communications Engineering, 

Thebes Higher Institute for Engineering 

Certification Date  : May 2006 

 

 

 

Name          :         Ahmed Mohamed Abbas 

Signature    : 

Date  : 

 



i 
 

Table of Contents 
 
 
TABLE OF CONTENTS…………………………………………………………………I 

LIST OF FIGURES…………………………………………………………………........V 

LIST OF TABLES………………………………………………………………………..X 

LIST OF ABBREVIATIONS…………………………………………………………....XI 

 
 

ABSTRACT  .............................................................................................. 1 

CHAPTER I: INTRODUCTION ............................................................. 2 

1.1  3G MOBILE TECHNOLOGY: ............................................................................. 2 

1.1.1  Universal Mobile Telecommunications System (UMTS): ............................... 4 

1.1.2  The Features of UMTS: ................................................................................. 5 

1.2  NUCLEAR APPLICATION BASED ON MOBILE NETWORKS: ................................. 5 

1.3  DESIGN METHODOLOGY: ................................................................................ 6 

CHAPTER II: WHAT IS THE WCDMA? ............................................. 9 

2.1  INTRODUCTION: .............................................................................................. 9 

2.2  UMTS NETWORK ARCHITECTURE: .................................................................. 9 

2.3  THE PROTOCOL STACK OF UMTS AIR INTERFACE: ........................................ 10 

2.3.1  The Physical Layer: ..................................................................................... 12 

2.3.2  The Data Link Layer: ................................................................................... 12 

2.3.2.1  The MAC Sub layer:................................................................................... 12 

2.3.2.2  The RLC Sub layer: .................................................................................... 12 

2.3.3  The Network Layer: ..................................................................................... 13 

2.3.4  The Application Layer: ................................................................................ 13 

2.4  WCDMA PHYSICAL LAYER SPECIFICATIONS: ............................................... 13 

CHAPTER III: RADIO RESOURCES CONTROL PROTOCOL ..... 16 

3.1  INTRODUCTION: ............................................................................................ 16 



ii 
 

3.2  ACCESS STRATUM SERVICES PROVIDED BY LAYER 3: ..................................... 17 

3.2.1  General Control: .......................................................................................... 18 

3.2.2  Notification: ................................................................................................ 19 

3.2.3  Dedicated Control: ....................................................................................... 19 

3.3  RRC FUNCTIONS: ......................................................................................... 20 

3.4  RRC LAYER MODEL:.................................................................................... 25 

3.5  PRIMITIVES BETWEEN RRC AND UPPER AND LOWER LAYERS: ....................... 27 

3.6  RRC PROTOCOL STATES AND STATE TRANSITIONS INCLUDING GSM:............. 28 

3.6.1  Idle Mode:  .................................................................................................. 28 

3.6.2  Connected Mode: ......................................................................................... 28 

3.6.2.1  Cell_DCH: ................................................................................................. 28 

3.6.2.2  Cell_FACH: ............................................................................................... 28 

3.6.2.3  Cell_PCH: .................................................................................................. 28 

3.6.2.4  URA_PCH: ................................................................................................ 28 

3.7  RRC PROCEDURES: ....................................................................................... 29 

3.8  RRC MESSAGES: .......................................................................................... 35 

3.8.1  System Information Broadcasting: ............................................................... 37 

3.9  RRC MESSAGES ABSTRACT SYNTAX: ........................................................... 38 

3.10  RRC MESSAGES TRANSFER SYNTAX:.......................................................... 39 

3.11  STRUCTURE OF ENCODED RRC MESSAGES: .................................................. 40 

3.12  INTERACTIONS BETWEEN RRC AND LOWER LAYERS: ................................... 45 

CHAPTER IV: RRC UNIT DESIGN AND IMPLEMENTATION .... 46 

4.1  INTRODUCTION: ............................................................................................ 46 

4.2  PREVIOUS STUDIES: ...................................................................................... 46 

4.3  DESIGN LANGUAGE: ..................................................................................... 47 

4.3.1  Why SDL?  .................................................................................................. 47 

4.3.2  What is SDL? .............................................................................................. 48 



iii 
 

4.3.2.1  Benefits of a Specification Language: ......................................................... 50 

4.3.2.2  History: ...................................................................................................... 52 

4.3.2.3  SDL and Other Languages: ......................................................................... 53 

4.3.2.4  SDL Characteristics: ................................................................................... 55 

4.3.2.5  Theoretical Model and Structure: ................................................................ 57 

4.3.2.6  Sharing Information, Reuse, and Maintenance:............................................ 68 

4.3.2.7  Openness, Portability, Scalability, and Distributed Applications: ................. 69 

4.3.2.8  Graphical and Textual Notations and Application Areas: ............................. 70 

4.4  DEVELOPMENT ENVIRONMENT: .................................................................... 70 

4.5  PROPOSED DESIGN FLOW:............................................................................. 72 

4.5.1  System Requirements: ................................................................................. 72 

4.5.2  System Analysis: ......................................................................................... 73 

4.5.2.1  Static Behavior ........................................................................................... 74 

4.5.2.2  Dynamic Behavior ...................................................................................... 74 

4.5.3  System Design: ............................................................................................ 87 

4.5.4  Design Assumptions: ................................................................................. 111 

4.6  SIMULATION RESULTS: ............................................................................... 112 

CHAPTER V: NUCLEAR APPLICATION BASED ON WCDMA . 125 

5.1  INTRODUCTION: .......................................................................................... 125 

5.2  RADIATION MONITORING NETWORKS: ........................................................ 125 

5.3  DESIGN AND IMPLEMENTATION:.................................................................. 126 

5.3.1  System Requirements: ............................................................................... 127 

5.3.2  System Analysis: ....................................................................................... 128 

5.3.3  System Design: .......................................................................................... 129 

5.4  SIMULATION RESULTS: ............................................................................... 133 

CHAPTER VII: CONCLUSIONS AND FUTURE WORKS ............. 135 

6.1  CONCLUSIONS: ........................................................................................... 135 

6.2  FUTURE WORKS: ........................................................................................ 135 



iv 
 

REFERENCES ..................................................................................... 136 

APPENDIXES ....................................................................................... 139 

APPENDIX A: SIMULATION RESULTS FIGURES .................................................... 139 

APPENDIX B: DESIGN FLOW CHARTS ................................................................. 155 



v 
 

List of Figures 
 
FIGURE 1.1, 3G TECHNOLOGY RELATIONSHIP.......................................................................... 3 

FIGURE 2.1, UMTS NETWORK ARCHITECTURE. ......................................................................10 

FIGURE 2.2, UE SIDE PROTOCOL ARCHITECTURE. ...................................................................11 

FIGURE 3.1, SITUATION OF LAYER 3 IN UMTS RADIO INTERFACE PROTOCOL ARCHITECTURE. .......18 

FIGURE 3.2, RRC MODEL FOR THE UE SIDE. ..........................................................................26 

FIGURE 3.3, PRIMITIVES BETWEEN RRC AND UPPER AND LOWER LAYERS. ...................................27 

FIGURE 3.4, RRC STATES AND STATE TRANSITIONS. ................................................................29 

FIGURE 3.5, HIERARCHY OF BROADCAST BLOCKS. ..................................................................37 

FIGURE 3.6, ENCODED RRC MESSAGE STRUCTURE. .................................................................41 

FIGURE 3.7, PADDING FOR SYSTEM INFORMATION. .................................................................42 

FIGURE 3.8, NO RRC PADDING FOR SYSTEM INFORMATION. .....................................................43 

FIGURE 3.9, INTERACTION BETWEEN RRC AND LOWER LAYERS. ................................................45 

FIGURE 4.1, THE RELATIONS BETWEEN DIFFERENT LANGUAGES AND SDL. ..................................54 

FIGURE 4.2, THE STRUCTURAL VIEW OF AN SDL SYSTEM. ........................................................58 

FIGURE 4.3, SIGNALS BETWEEN TWO PROCESSES TRAVEL THROUGH CHANNELS BETWEEN BLOCKS AND 

FROM ONE PROCESS TO ANOTHER VIA SIGNAL ROUTES. ..................................................62 

FIGURE 4.4, CREATION OF A NEW PROCESS INSTANCE AT RUNTIME. ..........................................62 

FIGURE 4.5, ABSTRACT DATA TYPE EXAMPLE. .......................................................................63 

FIGURE 4.6, ADVANCED USE OF ADTS. .................................................................................64 

FIGURE 4.7, SYSTEM WITH TYPE DECLARATIONS. ...................................................................65 

FIGURE 4.8, SPECIALIZED BLOCK TYPE. ...............................................................................66 

FIGURE 4.9, SDL SPECIFICATIONS AT SYSTEM LEVEL IN GR FORM. ............................................67 

FIGURE 4.10, SDL SPECIFICATION OF THE CONTROL BLOCK. ....................................................67 

FIGURE 4.11, SDL SPECIFICATION OF THE MACHINE CONTROL UNIT PROCESS. ............................68 

FIGURE 4.12, INTERCONNECTION OF LAYERS IN UE. ................................................................73 

FIGURE 4.13, BLOCK DIAGRAM ILLUSTRATING THE MOBILE DEVICE. ...........................................73 

FIGURE 4.14, THE MSC FOR MOBILE ORIGINATING CALL. .......................................................79 

FIGURE 4.15, SDL DESIGN AND IMPLEMENTATION SEQUENCE CHART. .........................................89 



vi 
 

FIGURE 4.16, RMN_WCDMA SDL SYSTEM DIAGRAM. ...........................................................90 

FIGURE 4.17, UE_SIDE SDL BLOCK DIAGRAM. ......................................................................91 

FIGURE 4.18, UE_RRC SDL BLOCK DIAGRAM. .....................................................................93 

FIGURE 4.19A, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................96 

FIGURE 4.19B, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................96 

FIGURE 4.19C, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................97 

FIGURE 4.19D, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................97 

FIGURE 4.19E, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................98 

FIGURE 4.19F, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................98 

FIGURE 4.19G, CONN_MANAGE SDL PROCESS DIAGRAM. ........................................................99 

FIGURE 4.19H, CONN_MANAGE SDL PROCESS DIAGRAM. ...................................................... 100 

FIGURE 4.19I, CONN_MANAGE SDL PROCEDURE DIAGRAM. ................................................... 101 

FIGURE 4.19J, CONN_MANAGE SDL PROCEDURE DIAGRAM. .................................................. 101 

FIGURE 4.20, RRC CONNECTION REQUEST ASN.1 MESSAGE. ........................................... 102 

FIGURE 4.21, INITIAL DIRECT TRANSFER ASN.1 MESSAGE. ............................................. 102 

FIGURE 4.22A, DESIGNED MSC FOR MO CALL SCENARIO. ...................................................... 103 

FIGURE 4.22B, DESIGNED MSC FOR MO CALL SCENARIO. ...................................................... 103 

FIGURE 4.22C, DESIGNED MSC FOR MO CALL SCENARIO. ...................................................... 104 

FIGURE 4.22D, DESIGNED MSC FOR MO CALL SCENARIO. ...................................................... 104 

FIGURE 4.22E, DESIGNED MSC FOR MO CALL SCENARIO. ...................................................... 105 

FIGURE 4.22F, DESIGNED MSC FOR MO CALL SCENARIO. ...................................................... 105 

FIGURE 4.23, TARGETING EXPERT FACILITY, ASSIGNING ASN.1 CODING FUNCTION. .................... 106 

FIGURE 4.24, TARGETING EXPERT FACILITY, ASSIGNING TYPE OF ENCODING RULE. .................... 107 

FIGURE 4.25, UE-NAS CONTROL STATE DIAGRAM. .............................................................. 108 

FIGURE 4.26, UE-RRC CONTROL STATE DIAGRAM. .............................................................. 110 

FIGURE 4.27, CN-UPPER LAYERS CONTROL STATE DIAGRAM. ................................................ 110 

FIGURE 4.28, RNC-RRC CONTROL STATE DIAGRAM. ........................................................... 111 

FIGURE 4.29, SIMULATED MSC. ........................................................................................ 112 

FIGURE 4.30, SECTION (A) FROM STANDARD MSC. ................................................................ 113 

FIGURE 4.31, SECTION (A) FROM DESIGNED MSC. ................................................................. 114 



vii 
 

FIGURE 4.32A, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 115 

FIGURE 4.32B, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 115 

FIGURE 4.32C, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 116 

FIGURE 4.33, SECTION (B) FROM STANDARD MSC. ................................................................ 116 

FIGURE 4.34, SECTION (B) FROM DESIGNED MSC. ................................................................. 117 

FIGURE 4.35A, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 119 

FIGURE 4.35B, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 119 

FIGURE 4.35C, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 120 

FIGURE 4.35D, SECTION FROM OUTPUT SIMULATION MSC. ..................................................... 120 

FIGURE 4.36, UE-RRC DESIGNED CONTROL STATE DIAGRAM. ................................................ 121 

FIGURE 4.37A, UE-RRC OUTPUT SIMULATION CONTROL STATE DIAGRAM. ............................... 122 

FIGURE 4.37B, UE-RRC OUTPUT SIMULATION CONTROL STATE DIAGRAM. ............................... 122 

FIGURE 4.37C, UE-RRC OUTPUT SIMULATION CONTROL STATE DIAGRAM. ............................... 123 

FIGURE 4.38, SIMULATED OUTPUT RRC CONNECTION REQUEST MESSAGE. ......................... 124 

FIGURE 4.39, PER UNALIGNED ENCODING IN UE SIDE FOR INITIAL DIRECT TRANSFER MESSAGE.124 

FIGURE 4.40, UNALIGNED DECODING IN UTRAN-CN SIDE FOR INITIAL DIRECT TRANSFER MESSAGE.

 ........................................................................................................................... 124 

FIGURE 5.1, NETWORK ARCHITECTURE MODEL OF RADIATION MONITORING NETWORK BASED ON UMTS 

NETWORK. ............................................................................................................ 126 

FIGURE 5.2, HARDWARE REQUIREMENTS FOR THE DOSE RATE CALCULATOR. ............................ 127 

FIGURE 5.3, THE RSS UNIT IN CONJUNCTION WITH LAYERS OF WCDMA SYSTEM. ....................... 128 

FIGURE 5.4, BLOCK DIAGRAM OF RSS UNIT. ....................................................................... 129 

FIGURE 5.5, RSS-MC MESSAGE SEQUENCE CHART. .............................................................. 129 

FIGURE 5.7, RSS SDL BLOCK DIAGRAM. ............................................................................ 131 

FIGURE 5.8, DOSE_RATE_CALCULATOR SDL PROCESS DIAGRAM. .................................... 132 

FIGURE 5.9, DRC PROCESS. ............................................................................................. 132 

FIGURE 5.10, RMN MSC – MEASURED DOSE RATE INFORMATION TRANSFER FROM RSS TO MCU. 133 

FIGURE 5.11, THE DRC PROCESS (DOSE RATE CALCULATOR) MEASURE VALUE LESS THAN ZERO AND 

DECIDE DON’T TRANSMIT. ........................................................................................ 134 



viii 
 

FIGURE 5.12, THE DRC PROCESS (DOSE RATE CALCULATOR) MEASURE VALUE GREATER THAN ZERO AND 

DECIDE TO TRANSMIT THE MEASURED VALUE TO MCU................................................... 134 

FIGURE 5.13, THE MCU RECEIVES INFORMATION MESSAGE FROM THE RSS INCLUDE THE STATION NUMBER, 

THE MEASURED DOSE RATE, THE DATE AND THE TIME OF MEASURING................................ 134 

FIGURE A.1A, MSC PART 1. .............................................................................................. 139 

FIGURE A.1B, MSC PART 2. .............................................................................................. 140 

FIGURE A.1C, MSC PART 3. .............................................................................................. 140 

FIGURE A.1D, MSC PART 4. .............................................................................................. 141 

FIGURE A.1E, MSC PART 5. .............................................................................................. 141 

FIGURE A.1F, MSC PART 6. .............................................................................................. 142 

FIGURE A.1G, MSC PART 7............................................................................................... 142 

FIGURE A.1H, MSC PART 8............................................................................................... 143 

FIGURE A.1I, MSC PART 9................................................................................................ 143 

FIGURE A.2A, MSC HORIZONTAL AXIS PART 1. ..................................................................... 144 

FIGURE A.2B, MSC HORIZONTAL AXIS PART 2. ..................................................................... 145 

FIGURE A.2C, MSC HORIZONTAL AXIS PART 3. ..................................................................... 145 

FIGURE A.2D, MSC HORIZONTAL AXIS PART 4. ..................................................................... 146 

FIGURE A.3A, MSC TRANSITIONS PART 1. ........................................................................... 147 

FIGURE A.3B, MSC TRANSITIONS PART 2. ........................................................................... 148 

FIGURE A.3C, MSC TRANSITIONS PART 3. ........................................................................... 148 

FIGURE A.3D, MSC TRANSITIONS PART 4. ........................................................................... 149 

FIGURE A.3E, MSC TRANSITIONS PART 5. ........................................................................... 149 

FIGURE A.3F, MSC TRANSITIONS PART 6. ............................................................................ 150 

FIGURE A.3G, MSC TRANSITIONS PART 7. ........................................................................... 150 

FIGURE A.3H, MSC TRANSITIONS PART 8. ........................................................................... 151 

FIGURE A.3I, MSC TRANSITIONS PART 9. ............................................................................ 151 

FIGURE A.3J, MSC TRANSITIONS PART 10. .......................................................................... 152 

FIGURE A.3K, MSC TRANSITIONS PART 11. .......................................................................... 152 

FIGURE A.3L, MSC TRANSITIONS PART 12. ......................................................................... 153 

FIGURE A.3M, MSC TRANSITIONS PART 13. ......................................................................... 153 



ix 
 

FIGURE A.3N, MSC TRANSITIONS PART 14. .......................................................................... 154 

FIGURE A.3O, MSC TRANSITIONS PART 15. .......................................................................... 154 



x 
 

List of Tables 
 
TABLE 2.1, PARAMETERS OF WCDMA ......................................................................... 14 

TABLE 3.1, RRC MESSAGES.......................................................................................... 37 

TABLE 4.1, RPT SPECIFICATION.................................................................................... 47 

TABLE 4.2, COMPARISON BETWEEN HDL AND SDL....................................................... 48 

TABLE 4.3, RRC CONNECTION REQUEST MESSAGE ............................................... 80 

TABLE 4.4, RRC CONNECTION SETUP MESSAGE ..................................................... 81 

TABLE 4.5, RRC CONNECTION REJECT MESSAGE ................................................... 82 

TABLE 4.6, RRC CONNECTION SETUP COMPLETE MESSAGE ................................ 82 

TABLE 4.7, INITIAL DIRECT TRANSFER MESSAGE .................................................. 82 

TABLE 4.8, DOWNLINK DIRECT TRANSFER MESSAGE ........................................... 83 

TABLE 4.9, UPLINK DIRECT TRANSFER MESSAGE .................................................. 83 

TABLE 4.10, SECURITY MODE COMMAND MESSAGE ............................................. 84 

TABLE 4.11, SECURITY MODE COMPLETE MESSAGE ............................................. 84 

TABLE 4.12, RADIO BEARER SETUP MESSAGE ........................................................ 86 

TABLE 4.13, RADIO BEARER SETUP COMPLETE MESSAGE ................................... 86 

TABLE 4.14, RRC CONNECTION RELEASE MESSAGE .............................................. 87 

TABLE 4.15, RRC CONNECTION RELEASE COMPLETE MESSAGE ......................... 87



xi 
 

List of Abbreviations 
 
 

3GPP  Third Generation Partnership Project 

ADT  Abstract Data Type 

AM  Acknowledged Mode 

ARIB  Association of Radio Industries and Business 

ASN.1  Abstract Syntax Notation One 

BCFE  Broadcast Control Function Entity 

BCH  Broadcast Channel 

BER  Basic Encoding Rule 

BMC  Broadcast Multicast Control 

BTS  Base Transceiver Station 

CCITT  Committee Consultative International for Telegraphy and Telephony 

CCPCH Common Control Physical Channel 

CCS  Calculus of Communicating System 

Cdma2000 Code divisions multiple accessing 2000 

CEFSM Communicating Extended Finite State Machine 

CFN  Connection Frame Number 

CHILL  C/C++ or High ITU Level Language 

CM  Connection Management 

CN  Core Network 

CORBA Common Object Request Broker Architecture 

CPCH  Common Packet Channel 

CRC  Cyclic Redundancy Check 

CS  Circuit Switching 

CSP  Communicating Sequential Process 



xii 
 

CTCH  Common Traffic Channel 

DC  Dedicated Control 

DCA  Dynamic Channel Allocation 

DCCH  Dedicated Control Channel 

DCFE  Dedicated Control Function Entity 

DCH  Dedicated Channel 

DECT  Digitally Enhanced Cordless Telephone  

DPCCH Dedicated Physical Control Channel 

DPCH  Dedicated Packet Channel 

DR  Dose Rate 

DRX  Discontinues Reception  

DSCH  Downlink Shared Channel 

DTX  Discontinues Transmission 

EDGE  Enhanced Data rate for GSM Evolution 

EFSM  Extended Finite State Machine 

ETRI  Electronics and Telecommunication Research Institute 

ETSI  European Telecommunication Standard Institute 

FACH  Forward Access Channel 

FDD  Frequency Division Duplex 

FDT  Formal Description Technique 

FSM  Finite State Machine 

GC  General Control 

GERAN GSM/EDGE Radio Access Network 

GGSN  Gateway GPRS Support Node 

GM  Gigar Mular 



xiii 
 

GR  Graphical Representation 

GSM  Global System for Mobile 

HLR  Home Location Register 

HS  High Speed 

HDL  Hardware Description Language 

IDL  Interface Description Language 

IE  Information Element 

IMT2000 International Mobile Telecommunication 2000 

ITU  International Telecommunication Union 

ITU-T  International Telecommunication Union – Telecommunication sector 

IPC  Inter Process Communication 

ISO  International Organization for Standardization 

IWF  Interworking Function 

LOTOS Language of Temporal Ordering Specification 

MAC  Medium Access Control 

MBMS Multimedia Broadcast Multicast Service 

MC  Monitoring Center 

MCCH  MBMS point-to-multipoint Control Channel 

MCU  Monitoring Central Unit 

MM  Mobility Management 

MO  Mobile Originate 

MPE  Multimedia Processing Equipment 

MS  Mobile Station 

MSC  Message Sequence Chart 

MSC  Mobile Switching Center 



xiv 
 

MT  Mobile Terminate 

NAS  Non Access Stratum 

Nt  Notification function 

ODMA Opportunity Driven Multiple Access 

OMT  Object Modeling Language 

OO  Object Oriented 

OVSF  Orthogonal Variable Spreading Factor 

PCCH  Paging Control Channel 

PCH  Paging Channel 

PCI  Protocol Control Information 

PDCP  Packet Data Convergence Protocol 

PDN  Packet Data Network 

PDSCH Physical Downlink Shared Channel 

PDU  Protocol Data Unit 

PER  Packed Encoding Rule 

PHY  Physical layer 

PId  Process Identification 

PLMN  Public Land Mobile Network 

PNFE  Paging and Notification control Function Entity 

PR  Phase textual Representation 

PRACH Physical Random Access Channel 

PSTN  Public Switching Telephone Network 

PUSCH Physical Uplink Shared Channel 

QPSK  Quadrature Phase Shift Keying 

QoS  Quality of Service 



xv 
 

RAB  Radio Access Bearer 

RACH  Random Access Channel 

RANAP Radio Access Network Application Part 

RAT  Radio Access Technologies 

RB  Radio Bearer 

RF  Radio Frequency 

RFE  Routing Function Entity 

RLC  Radio Link Control 

RMN  Radiation Monitoring Network 

RNC  Radio Network Controller 

RNS  Radio Network Subsystem 

RPT  Radio Protocol Tester 

RRC  Radio Resources Control 

RSS  Radiation Sensing Station 

SAP  Service Access Point 

SCCH  Synchronization Control Channel 

SCFE  Shared Control Function Entity 

SDL  Specification and Description Language 

SDU  Stream Data Unit 

SGSN  Serving GPRS Support Node 

SI  System Information 

SIB  System Information Block 

SIM  Subscriber Identification Module 

SMS  Short Message Service 

SRB  Signaling Radio Bearer 



xvi 
 

TDD  Time Division Duplex 

TG8/1  Task Group 8/1 

TM  Transparent Mode 

TME  Transfer Mode Entity 

TTA  Telecommunication Technology Association 

TTC  Telecommunication Technology Committee 

TTCN  Tree and Tabular Combination Notation 

TTI  Transmission Time Interval 

UE  User Equipment 

UM  Unacknowledged Mode 

UML  Unified Modeling Language 

UMTS  Universal Mobile Telecommunication System 

UTRAN Universal Terrestrial Radio Access Network 

UTRA  UMTS Terrestrial Radio Access 

Uu  User equipment to UTRAN interface 

UWC136 Universal Wireless Communication 136 

VHDL  Very high speed integrated circuit Hardware Description Language 

VLR  Visitor Location Register 

WCDMA Wideband Code Division Multiple Accessing 



1 

 

Abstract 

 

Recently, wireless communications and especially the mobile networks are 

employed in nuclear applications including, but not limited to, Nuclear Material 

Integrity [1], Radiation Monitoring Networks [2, 3] and Nuclear Power Plants [4].  

The thesis introduces an overview about one of the third generation (3G) mobile 

networks, known as Universal Mobile Telecommunications System (UMTS) networks, 

which consists of Universal Terrestrial Radio Access Network (UTRAN) and the Core 

Network (CN). The UTRAN has many interfaces, but the thesis focuses on the Uu 

interface which is between the User Equipment (UE) and the UTRAN. That interface is 

based on Wideband Code Division Multiple Accessing (WCDMA) system. The 

protocol architecture of UMTS is composed of two planes; the control plane and the 

user plane. Again, the thesis is concerned on the control plane which has the Radio 

Resources Control (RRC) protocol to manage the control signal at the Uu interface 

between the UE and the Radio Network Controller. 

The main goal of the thesis is to design, implement and test the building blocks 

of Radio Resources Controller of the WCDMA system. Also, the thesis presents one of 

nuclear applications that is based on WCDMA. This application includes design, 

implementation and simulation of Radiation Monitoring network as a pilot prototype 

model.
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1 CHAPTER I: Introduction 

 In this thesis we are going to design, implement and test the building block of 

Radio Resources Controller. Also, the thesis shows how the WCDMA system can serve 

in nuclear applications. It presents a model for Radiation Monitoring Network based on 

WCDMA system and how the nuclear applications can utilize the features of 3G mobile 

networks. 

This chapter contains three sections. Section one shows overview about 3G 

mobile technologies. Also, it contains two subsections describing the UMTS system and 

its features. Section two depicts the attention about the usage of wireless 

communications technologies in nuclear applications and the needs to improve the 

wireless communications performance for better nuclear applications service. Also, it 

presents the suggested nuclear application model. Finally, section three presents 

overview about the SDL design methodology and its platform, which is used in the 

design, implementation, and testing of the RRC unit and its nuclear application. 

1.1 3G Mobile Technology: 

The third generation or 3G is a term used to reflect a number of different 

technologies being defined as successors to 2G technologies. In many cases, the 3G 

technologies can be seen as an evolution of the 2G networks. Another general term for 

3G is International Mobile Telecommunications 2000 (IMT2000). 

IMT2000 is a name that was defined by Task Group 8/1 (TG8/1),                         

a standardization group set up in 1985 by the International Telecommunication Union 

(ITU) to define world standards for 3G mobile technologies. The role of TG8/1 was 

essentially to define the requirements for 3G, and to facilitate the process of defining a 
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radio technology that meets them. The term IMT2000 represents the family of 

technologies that are contained within the outer ring in figure 1.1, which have been 

defined to meet these requirements. The outer ring is intended to illustrate the extent of 

3G technologies and the different terms that are commonly applied to define 3G. 

 

Figure 1.1, 3G technology relationship. 

Within the outer ring we can see a number of smaller rings. These smaller rings 

represent the technologies that have been defined and which form 3G. The original 

objective for TG8/1 was to define a single standard for the 3G radio access technology 

(RAT). The resulting situation of having multiple technologies was a consequence of 

the very difficult environment that exists prior to the definition of 3G. There are a 

number of 2G technologies throughout the world, each of which should have some 

evolutionary path to 3G. Due to the differences in the technologies as well as some 

political differences, the best compromise was the creation of a number of different 

‘technology modes’ for 3G leading to a family of technologies such as code division 

multiple accessing 2000 (cdma2000), UWC136 and Digitally Enhanced Cordless 

Telephone (DECT) [5]. 
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1.1.1 Universal Mobile Telecommunications System (UMTS): 

UMTS is the name of the telecommunication system that is being defined by the 

3rd Generation Partnership Project (3GPP). The functionality included within UMTS 

encompasses all that is required to support the service requirements that were outlined 

for 3G by TG8/1 and also includes some that are new and evolved. 

UMTS represents the complete system, including elements such as the user’s 

mobile equipment, the radio infrastructure necessary to support a call or data session, 

and the core network equipment that is necessary to transport that user call or data from 

end to end as well as billing systems, security systems etc. 

In UMTS there are two different types of RAT. The first called Wide band Code 

Division Multiple Accessing (WCDMA). The second is as evolution of the 2G Global 

System for Mobile (GSM) system that is generically referred to as the GSM/EDGE 

Radio Access Network (GERAN). Different rings illustrate these two technologies. 

Within the WCDMA ring there are two additional rings called Frequency 

Division Duplex (FDD) mode and Time Division Duplex (TDD) mode. These two 

modes represent two quite different (different form perspective of the physical layer of 

the protocol) technologies. The FDD mode of WCDMA separates users employing 

codes and frequencies with one frequency for the uplink and a second frequency for the 

downlink. The TDD mode on the other hand separates users employing codes, 

frequencies, and time and uses the same frequency for both the uplink and the downlink 

[5]. 
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1.1.2 The Features of UMTS: 

A question that is often asked regarding UMTS is why there needs to be a new 

radio interface technology and why an evolution of 2G technology such as Enhanced 

Data Rates for GSM Evolution (EDGE) cannot be used in its place. 

The answer is not a simple one. There are many issues that we could consider, 

such as spectrum efficiency that could be used to justify a new radio technology 

solution for 3G. There is, however, another line of reasoning, which is less controversial 

as to the reasons for the existence of WCDMA within the UMTS technology family. 

When TG8/1 set out the objectives and requirements for 3G, there were a number of 

elements that made the reuse of 2G technologies in a 3G context very difficult without 

significant evolution of the 2G technology itself. Three of the most significant elements 

are outlined below [5]. 

 Support of general quality of service (QoS). 

 Support of multimedia services. 

 Support of 2Mb/s. 

1.2 Nuclear Application Based on Mobile Networks: 

The recent researches in nuclear engineering are studying the usage of wireless 

communications and how we utilize and maximize its benefits at nuclear applications. 

Also, performance improvement of wireless communication systems that already in 

service and serve the nuclear applications. Our thesis present a model for Radiation 

Monitoring Network based on WCDMA system. 
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1.3 Design Methodology: 

The Specification and Description Language (SDL) was used to develop and 

simulate the model. SDL is emerging as an efficient tool for general software 

development. Also, the thesis presents the usage of Abstract Syntax Notation one 

(ASN.1) structure to represent the control messages generated by RRC protocol. 

SDL is a design language of an international standard for a specification of 

communication systems, i.e. ITU-T (International Telecommunications Union - 

Telecommunication Standardization) Recommendation, Z.100. In this thesis, we 

introduce the SDL methodology to design and verify our model using SDL 

development environments, Telelogic Tau SDL suite 4.4.  

Telelogic Tau SDL suite 4.4 is a development environments tool offers 

developers not only a visual way to design the system and protocols but also the 

availability of additional features such as, for example, the integration with other 

normative languages as ASN.1 or Tree and Tabular Combination Notation (TTCN), 

automatic code generation, simulations or automatic verification and validation [6]. It 

supports the powerful enough to manage complex resources and operations needed by 

high performance protocols and systems. The resulting source code is compatible with 

the main platforms and operating systems already on the market [7]. 

The rest of the thesis is organized as follow; chapter two contains the description 

of WCDMA technology that is used in UMTS networks and explanations of the 

network architecture with description for each one of the network components, the 

protocol architecture with description for each layer of the four protocol layers; namely, 
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physical, data link, network, and application layers. Chapter two also provides a table 

for the physical layer specifications. 

Chapter three provides detailed explanation of the RRC protocol which 

represents layer three in the WCDMA protocol architecture. This explanation consists 

of the services provided to the other layers, the RRC protocol functions, the types of 

procedures which are done to execute these services and functions, the RRC messages 

that are used in each procedure. Finally, it presents the RRC messages language, the 

message architecture, and definition for the encoding system used. 

Chapter four starts with the previous studies survey that presented RRC unit 

design models then it provides a comparison study between the SDL language and other 

description languages; and hence, the SDL is selected. It presents detail explanations for 

the SDL language including the language origin, history, features, symbols shape and 

their meaning and usage, its fields and applications, and the definition for the used 

platform which is called Telelogic Tau SDL suite. Then the chapter explains the design 

steps according to the SDL design methodology, namely; System requirement, System 

analysis, and System design. This explanation is supported by case study for Mobile 

Originate Call function between the User Equipment and the Network according to the 

SDL design methodology with mentioning both of the procedures used to execute this 

function and the RRC exchanged messages between the User Equipment and the 

Network including their directions and contents. Chapter four also, shows the details of 

the system design steps of the SDL design methodology completed with executable 

code and the SDL design for a number of procedures with detail explanation. Finally, 

the chapter is ended with a number of simulation results that show and explain the 
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functionality of Mobile Originate Call function. From these results, we conclude that 

our design is verified with the RRC protocol international standard (3GPP standard). 

Chapter five presents the applications of wireless networks in nuclear fields 

through preparing model based on the UMTS networks to implement radiation 

monitoring networks. The chapter includes the block diagrams of the model and the 

designs stands on the SDL methodology. Finally, it presents a number of simulation 

results that show the model functionality. 

Finally, chapter six represents the thesis conclusion and the future work 

suggested for enhancing the thesis subject. 
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2 CHAPTER II: What is the WCDMA? 

2.1   Introduction: 

WCDMA stands for Wide Band Code Division Multiple Access, which is 

referred to as UMTS terrestrial radio access (UTRA). It is one of IMT-2000 radio 

interfaces, which is developed by the third-generation partnership project (3GPP). The 

main 3GPP goal is to harmonize and standardize the similar proposals from ETSI, 

ARIB, TTC and TTA. 

This chapter provides WCDMA overview as follows; section two goes through 

UMTS network architecture overview. Section three presents an overview about the 

protocol stack of UMTS air interface. Finally, section four presents the specification of 

the WCDMA system physical layer. 

2.2   UMTS network architecture: 

The network is partitioned into two broad entities; the Universal Terrestrial 

Radio Access Network (UTRAN) and the Core Network (CN) as shown in figure 2.1. 

The UTRAN is responsible for establishing connections between UE and the rest of the 

network. 

A Radio Network Controller (RNC) is connected to one or more Base 

Transceiver Stations (BTS) or nodes called (Node B), each of which serves a cell. The 

function of an RNC is to control radio resources. The interface point between an RNC 

and a node B is Interface unit b (Iub). A Radio Network Subsystem (RNS), consisting 

of an RNC with its associated nodes, connects to the core network (CN) at a reference 

point Iu. Iur is the interface point between two RNCs. An RNS is either the whole 

UTRAN, or only a part of it that provides connections to a UE and includes only one 
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RNC. For each UE connected to the network, only one RNS (called the serving RNS) 

controls the connections. However, other RNSs may assist the serving RNS as the 

mobile moves from one cell to another. Such an RNS is called a drift RNS. 

The Uu interface between the MS and BTS nodes is a WCDMA radio interface. 

The other interfaces used between the entities of the UTRAN (Iur, Iub, Iu) is either 

wireless or wired according to the design of the network and the environments condition 

of the area [8]. At our design we will focus on the Uu interface. 

 

Figure 2.1, UMTS network architecture. 

2.3   The Protocol Stack of UMTS Air Interface: 

As shown in figure 2.2 the radio interface is characterized through its protocols 

where it can be defined by two main groups according to the final purpose service: the 

user plane protocols and the control plane protocols. The first carry user data through 

the access stratum and the second is responsible for controlling the connections between 

the UE and the network and the radio access bearers. 
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Referring to figure 2.2 the general protocol architecture splits the radio interface 

in three layers: a physical layer or Layer 1, the data link layer or Layer 2 and the 

network layer or Layer 3. This hierarchical stratification provides a complete vision of 

the radio interface, from both the functionality associated with each of the structured 

layer to the protocol flow between them [8]. 

 

Figure 2.2, UE side protocol architecture. 



Chapter 2  What is the WCDMA 

12 

 

2.3.1 The Physical Layer: 

The physical layer is the physical interface between two communication nodes. 

In a wireless network, the physical layer is the air interface between the mobile terminal 

and the base station. At our design the physical layer use the WCDMA technology. The 

physical layer provides transfer services to higher layers in the protocol stack. Those 

transfer services use physical channels, with defined data rates, modulation schemes, 

power control methods, signal to interference ratio, and RF parameters.  

2.3.2 The Data Link Layer: 

The data link layer combines the medium access control (MAC) and radio link 

control sublayers as shown in the figure 2.2. The data link layer provides message 

sequencing, traffic monitoring, and signal routing to higher protocol layers. 

2.3.2.1 The MAC Sub layer: 

The MAC sublayer maps basic functions known as logical channels to physical 

channels. That can be straightforward, or it can include multiplexing several logical 

channels onto a common physical channel. 

2.3.2.2 The RLC Sub layer: 

The radio link control sublayer breaks down the data stream into data packets, 

also known as transport blocks, for transmission. It includes error control to ensure the 

integrity of the transmitted data. Typically, that means a parity check or a cyclic 

redundancy check (CRC) based on a polynomial generator. The radio link control layer 

also interfaces with the higher protocol layers and provides call initialization, 

connection, and termination. 
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2.3.3 The Network Layer: 

The network layer (or Radio Resource Control layer) provides control and 

notification services. It supervises radio resources, including physical channel 

assignments, paging requests, and transmits power levels. It also interfaces to the wire 

line network and thereby enables connections to other users. 

2.3.4 The Application Layer: 

The application layer represents the destination node. It specifies quality of-

service (QoS) requirements (priority levels, security, response time expectations, error 

rates, and recovery strategies) without the restrictions of the air and network interfaces. 

The application layer compresses and expands data in time to match the expectations of 

the mobile user. 

2.4   WCDMA Physical Layer Specifications: 

Table 2.1 lists the parameters of WCDMA. WCDMA has two modes 

characterized by the duplex method; FDD (frequency division duplex) and TDD (time 

division duplex), for operating with paired and unpaired bands, respectively. 

The chip rate of the system is 3.84 Mcps. The frame length is 10 ms and each 

frame is divided into 15 slots (2560 chip/slot at the chip rate 3.84 Mcps). Spreading 

factors range from 256 to 4 in the uplink and from 512 to 4 in the downlink. Thus, the 

respective modulation symbol rates vary from 960 k symbols/s to 15 k symbols/s (7.5 k 

symbols/s for FDD uplink). For separating channels from the same source, Orthogonal 

Variable Spreading Factor (OVSF) channelization codes are used. In the downlink, 

Gold codes with a 10-ms period (38400 chips at 3.84 Mcps) are used to separate 
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different cells, with the actual code itself length 218-1 chips. In the uplink, Gold codes 

with a 10- ms period, or alternatively short codes with a 256-chip period, are used to 

separate the different users. 

 

Table 2.1, Parameters of WCDMA 

For the channel coding, three options are supported: convolutional coding, turbo 

coding, or no channel coding. Channel coding selection is indicated by upper layers. Bit 

interleaving is used to randomize transmission errors. The modulation scheme is QPSK. 

The carrier spacing has a raster of 200 kHz and can vary from 4.2 to 5.4 MHz. 

The different carrier spacing's can be used to obtain suitable adjacent channel 

protections depending on the interference scenario. Larger carrier spacing can be 
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applied between operators than within one operator’s band in order to avoid inter-

operator interference. Inter-frequency measurements and handovers are supported by 

WCDMA to utilize several cell layers and carriers. 

In this work, the radio interface of the UMTS network which is based on 

WCDMA technology will be studied. 
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3 CHAPTER III: Radio Resources Control Protocol 

3.1   Introduction: 

Radio Resources Control protocol lies in the layer 3 or (network layer) of UMTS 

air interface protocol architecture. Layer 3 provides three different types of services 

namely; General Control services, Notification services, and Dedicated Control 

services.  

The network layer in UTRAN is divided into Control (C-) and User (U-) planes. 

User-plane protocols transport user data through the access stratum while control plane 

protocols control the radio access bearers and the connection between the UE and the 

network. 

In the C-plane, Layer 3 is split into the following sub-layers namely; Radio 

Resource Control (RRC) and duplication avoidance. RRC interfaces with Layer 2 and 

duplication avoidance provides the access stratum services to higher layers of non-

access stratum level. 

The RRC layer handles the control plane signaling providing measurements 

reports and radio resource assignments to peer RRC layers. Also, it controls through 

feedback information RLC, MAC and physical layers. 

The interface between duplication avoidance and higher Layer 3 sub-layers is 

defined by the General Control (GC), Notification (Nt), and Dedicated Control (DC) 

Service Access Points (SAP). 
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Figure 3.1 shows the situation of Layer 3 and its two sub-layers in the context of 

UMTS radio interface protocol architecture. Service Access Points (SAPs) are marked 

with circles at the interface between sub-layers. Also shown in this figure, the 

connections between RRC and lower layers (PHY, MAC) providing inter-layer control 

services [8]. 

This chapter is concerned with the RRC protocol. The next sections in this 

chapter discuss the following topics; section two defines and explains the access stratum 

services provided by Layer 3. Section three presents explanation for the RRC functions. 

Section four shows and describes the model of the RRC layer. Section five shows and 

explains the primitives between RRC and upper and lower layers. Section six shows and 

explains the RRC protocol states and state transitions including GSM. Section seven 

presents all the RRC procedures. Section eight shows the RRC messages for each 

procedure. The abstract syntax and transfer syntax of the RRC messages are defined and 

explained in sections nine and ten respectively. Section eleven defines and describes the 

structure of encoded RRC messages. Finally, section twelve shows and explains the 

interactions between RRC and lower layers. 

3.2  Access stratum services provided by Layer 3: 

Layer 3 provides the following services in the access stratum of UMTS radio 

interface through the corresponding service access points; general control, notification 

and dedicated control [9]. 
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Figure 3.1, Situation of Layer 3 in UMTS Radio Interface Protocol Architecture. 

3.2.1 General Control: 

General Control (GC) provides an information broadcast service to all UE in a 

certain geographical area. The basic requirements for this service are: 

 It should be possible to broadcast non-access stratum information in a certain 

geographical area. 

 The information is transferred on an unacknowledged mode link, i.e. the 

delivery of the broadcast information cannot be guaranteed (typically no 

retransmission scheme is used). 

 It should be possible to do repeated transmissions of the broadcast information 

(controlled by the non-access stratum). 
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The point where the UE receives the broadcast information should be included 

when the access stratum delivers broadcast information to the non-access stratum. 

3.2.2 Notification: 

Notification (Nt) provides paging and notification broadcast services. The 

information is broadcast in a certain geographical area but it is only addressed to one or 

several specific UEs. The basic requirements for the paging service are: 

 It should be possible to broadcast paging information to a number of UEs in a 

certain geographical area. 

  The information is transferred on an unacknowledged mode link. It is assumed 

that the protocol entities in non-access stratum handle any kind of retransmission 

of paging information. 

  The requirements for the notification broadcast services are similar to those of 

the information broadcast service of the GC. 

  It should be possible to broadcast notification information in a certain 

geographical area. 

  The information is transferred on an unacknowledged mode link. 

3.2.3 Dedicated Control: 

Dedicated Control (DC) provides services for establishment, transfer of 

messages and release of a connection. It should be possible to transfer a message not 
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only using an existing connection but also during the establishment phase. The basic 

requirements for the establishment/release services are: 

 It should be possible to establish connections (both point and group 

connections). 

 It should be possible to transfer an initial message during the connection 

establishment phase. This message transfer has the same requirements as the 

information transfer service. 

 It should be possible to release connections. 

The information transfer service allows the specification of the quality of service 

requirements for each message. The basic requirements from the information transfer 

service provided by the duplication avoidance function are: 

 In-sequence transfer of messages: messages are delivered to the Non-Access 

Stratum (NAS) on the receiver side exactly in the order they have been 

submitted by the NAS on the sending side, without loss or duplication, except 

possibly for the loss of last messages in case of connection abortion. 

 Priority handling: if SMS messages should be transported through the control 

plane it should be possible to give higher priority to signaling messages. 

3.3   RRC Functions: 

The Radio Resource Control (RRC) sub-layer handles the control plane 

signaling of Layer 3 between the UE and UTRAN. It performs the following functions 

[9]: 
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 Broadcast of information provided by the non-access stratum (core 

network): the RRC layer performs system information broadcasting from the 

network to all UEs. The system information is normally repeated on a regular 

basis. The RRC layer performs the scheduling, segmentation and repetition. This 

function supports broadcast of higher layer (above RRC) information. This 

information may be cell-specific or not. As an example RRC may broadcast core 

network location service area information related to some specific cells. 

  Broadcast of information related to the access stratum: the RRC layer 

performs system information broadcasting from the network to all UEs. The 

system information is normally repeated on a regular basis. The RRC layer 

performs the scheduling, segmentation and repetition. This function supports 

broadcast of typically cell-specific information. 

 Establishment, maintenance and release of an RRC connection between the 

UE and UTRAN: the establishment of an RRC connection is initiated by a 

request from higher layers at the UE side to establish the first signaling 

connection for the UE. The establishment of an RRC connection includes an 

optional cell re-selection, an admission control, and a Layer 2 signaling link 

establishment. The release of an RRC connection can be initiated by a request 

from higher layers to release the last signaling connection for the UE or by the 

RRC layer itself in case of RRC connection failure. In the case of connection 

loss, the UE requests re-establishment of the RRC connection. In the case of 

RRC connection failure, RRC releases resources associated with the RRC 

connection. 
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  Establishment, reconfiguration and release of radio bearers: the RRC layer 

can, on request from higher layers, perform the establishment, reconfiguration 

and release of radio bearers in the user plane. A number of radio bearers can be 

established to a UE at the same time. At establishment and reconfiguration, the 

RRC layer performs admission control and selects parameters describing the 

radio bearer processing in Layer 2 and Layer 1, based on information from 

higher layers. 

 Assignment, reconfiguration and release of radio resources for the RRC 

connection: the RRC layer handles the assignment of radio resources (e.g. 

codes, Common Packet Channel (CPCH)) needed for the RRC connection 

including needs from both the control and user plane. The RRC layer may 

reconfigure radio resources during an established RRC connection. This 

function includes coordination of the radio resource allocation between multiple 

radios bearers related to the same RRC connection. RRC controls the radio 

resources in the uplink and downlink such that UE and UTRAN can 

communicate using unbalanced radio resources (asymmetric uplink and 

downlink). RRC signals to the UE to indicate resource allocations for purposes 

of handover to GSM or other radio systems. 

  RRC connection mobility functions: the RRC layer performs evaluation, 

decision and execution related to RRC connection mobility during an 

established RRC connection, such as handover, preparation of handover to GSM 

or other systems, cell re-selection and cell/paging area update procedures, based 

on, for example, measurements done by the UE. 
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  Routing of higher layer PDUs: this function performs at the UE side routing 

of higher layer PDUs to the correct higher layer entity, and at the UTRAN side 

to the correct RANAP (Radio Access Network Application Part) entity. 

  Control of requested QoS: this function shall ensure that the QoS requested 

for the radio bearers can be met. This includes the allocation of a sufficient 

number of radio resources. 

  UE measurement reporting and control of the reporting: measurements 

performed by the UE are controlled by the RRC layer, in terms of what to 

measure, when to measure and how to report, including both UMTS air interface 

and other systems. The RRC layer also performs the reporting of the 

measurements from the UE to the network. 

  Outer loop power control: the RRC layer controls setting of the target of the 

closed loop power control. 

  Control of ciphering: the RRC layer provides procedures for setting of 

ciphering (on/off) between the UE and UTRAN. 

  Slow DCA: allocation of preferred radio resources based on long-term decision 

criteria. It is applicable only in TDD mode. 

  Broadcast of ODMA relay node neighbor information: the RRC layer 

performs probe information broadcasting to allow Opportunity Driven Multiple 

Access (ODMA) routing information to be collected. 
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 Maintenance of ODMA relay nodes neighbor lists and gradient 

information: the ODMA relay node neighbor lists and their respective gradient 

information will be maintained by the RRC. 

 Maintenance of number of ODMA relay node neighbors: the RRC will 

adjust the broadcast powers used for probing messages to maintain the desired 

number of neighbors. 

 Establishment, maintenance and release of a route between ODMA relay 

nodes: the establishment of an ODMA route and RRC connection based upon 

the routing algorithm. 

 Interworking between the gateway ODMA relay node and the UTRAN: the 

RRC layer will control the interworking with the standard TDD or FDD 

communication link between the gateway ODMA relay node and the UTRAN. 

 Paging/notification: the RRC layer can broadcast paging information from the 

network to selected UE. Higher layers on the network side can request paging 

and notification. The RRC layer can also initiate paging during an established 

RRC connection. 

 Initial cell selection and re-selection in idle mode: selection of the most 

suitable cell based on idle mode measurements and cell selection criteria. 

 Arbitration of radio resources on uplink DCH: this function controls the 

allocation of radio resources on uplink Dedicated Channel (DCH) on a fast 

basis, using a broadcast channel to send control information to all involved 

users. 
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 RRC message integrity protection: this function adds a Message 

Authentication Code (MAC-I) to those RRC messages that are considered 

sensitive and/or contain sensitive information. 

  Timing advance (TDD mode): the RRC controls the operation of timing 

advance. It is applicable only in TDD mode. 

3.4   RRC Layer Model: 

Figure 3.2 shows the RRC model for the UE side. The functional entities of the 

RRC layer are described below [9]: 

 Routing of higher layer messages to different Mobility Management/Connection 

Management (MM/CM) entities (UE side) or different core network domains 

(UTRAN side) is handled by the Routing Function Entity (RFE). 

 Broadcast functions are handled in the Broadcast Control Function Entity 

(BCFE). The BCFE is used to deliver the RRC services, which are required at 

the GC-SAP. 

 Paging of idle mode UE(s) is controlled by the Paging and Notification control 

Function Entity (PNFE). The PNFE is used to deliver the RRC services that 

are required at the Nt-SAP. 

 The Dedicated Control Function Entity (DCFE) handles all functions specific 

to one UE. The DCFE is used to deliver the RRC services that are required at the 

DC-SAP. 
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 In TDD mode, the DCFE is assisted by the Shared Control Function Entity 

(SCFE) location in the C-RNC, which controls the allocation of the Physical 

Downlink Shared Channel (PDSCH) and Physical Uplink Shared Channel 

(PUSCH). 

 The Transfer Mode Entity (TME) handles the mapping between the different 

entities inside the RRC layer and the SAPs provided by RLC. 

 

Figure 3.2, RRC model for the UE side. 
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3.5   Primitives between RRC and Upper and Lower Layers: 

The primitives are messages contain either the control signals that configure and 

control the lower layers or command messages that sent and received to and from the 

UTRAN through lower layers respectively. Figure 3.3 [10] show the all primitives 

between the RRC and upper and lower layers. 

 

Figure 3.3, Primitives between RRC and upper and lower layers. 
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3.6   RRC Protocol States and state transitions including GSM: 

3.6.1 Idle Mode: 

After UE is switched on it will camp in the suitable cell. After camping, user is 

able to send and receive system and cell broadcasting information. The UE in the idle 

mode until it transmits a request to establish RRC connection as described in figure 3.4 

[11, 12]. 

3.6.2 Connected Mode: 

3.6.2.1 Cell_DCH: 

The UE entered the Cell_DCH from Idle Mode or by establishing a DCH from 

the Cell_FACH state. DPCH and PDSCH are allocated to UE. UE is in this mode until 

explicit signaling for Cell_FACH [11, 12]. 

3.6.2.2 Cell_FACH: 

In this state no dedicated channel allocated, and the data was transmitting 

through RACH and FACH. The UE listens BCH, and Cell reselection is performed 

(RNC is informed) [11, 12]. 

3.6.2.3 Cell_PCH: 

The UE known at a cell level but can be reached via PCH, and still listens to 

BCH. In case of Cell reselection will automatically moved to Cell_FACH state [11, 12]. 

3.6.2.4 URA_PCH: 

The UE executes the cell update procedure only if the UTRAN Registration 

Area is changed. DCCH cannot be used in this state, and all the activities initiated by 

the network through the PCCH or RACH [11, 12]. 
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Figure 3.4, RRC states and state transitions. 

3.7   RRC procedures: 

Radio resource control functions are accomplished by means of several 

procedures. They can be classified into the following [12]: 

 RRC connection management procedures  

- Broadcast of system information 

- Paging 

- RRC connection establishment 

- RRC connection release 

- RRC connection release requested by upper layers 

- Transmission of UE capability information 

- UE capability enquiry 
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- Initial Direct transfer 

- Downlink Direct transfer 

- Uplink Direct transfer 

- UE dedicated paging 

- Security mode control 

- Signaling connection release 

- Signaling connection release indication 

- Counter check procedure 

- Inter RAT handover information transfer 

 Radio bearer control procedures 

- Radio bearer establishment 

- Reconfiguration procedures 

- Radio bearer release 

- Transport channel reconfiguration 

- Transport format combination control 

- Physical channel reconfiguration 

- Physical Shared Channel Allocation [TDD only] 
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- PUSCH capacity request [TDD only] 

- Uplink Physical Channel Control [TDD only] 

- Physical channel reconfiguration failure 

 RRC connection mobility procedures 

- Cell and URA update procedures 

- URA update 

- UTRAN mobility information 

- Active set update 

- Hard handover 

- Inter-RAT handover to UTRAN 

- Inter-RAT handover from UTRAN 

- Inter-RAT cell reselection to UTRAN 

- Inter-RAT cell reselection from UTRAN 

- Inter-RAT cell change order to UTRAN 

- Inter-RAT cell change order from UTRAN 

 Measurement procedures 

- Measurement control 
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- Measurement report 

- Assistance Data Delivery 

 General procedures 

- Selection of initial UE identity  

- Actions when entering idle mode from connected mode 

- Open loop power control upon establishment of DPCCH 

- Physical channel establishment criteria 

- Actions in "out of service area" and "in service area" 

- Radio link failure criteria and actions upon radio link failure  

- Open loop power control  

- Maintenance of Hyper Frame Numbers  

- START value calculation  

- Integrity protection 

- FACH measurement occasion calculation 

- Establishment of Access Service Classes 

- Mapping of Access Classes to Access Service Classes 

- PLMN Type Selection 
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- Neighbor cells list narrowing for cell reselection 

- CFN calculation 

- Configuration of CTCH occasions 

- PRACH selection 

- Selection of RACH TTI 

- Secondary CCPCH selection 

- Secondary CCPCH and FACH selection for MCCH reception 

- Unsupported configuration 

- Actions related to Radio Bearer mapping 

- Actions when entering another RAT from connected mode 

- Measured results on RACH 

- Change of PLMN while in RRC connected mode 

- Actions related to HS_DSCH_RECEPTION variable 

- Service prioritization 

- MBMS frequency selection 

- Actions related to E_DCH_TRANSMISSION variable 

- MBMS modification period identity calculation Detecting 

MBMS service reception inability 
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- Actions related to DEFERRED_MEASUREMENT_STATUS 

variable Actions related to MIMO_PARAMS variable 

- Actions related to MIMO_STATUS variable  

- Actions related to DTX_DRX_STATUS variable (FDD only) 

- Actions related to HS_SCCH_LESS_STATUS variable (FDD 

only) 

 Generic actions on receipt of an information element. 

- CN information elements 

- UTRAN mobility information elements 

- UE information elements 

- Radio bearer information elements 

- Transport channel information elements 

- Physical channel information elements 

- Measurement information elements 

- MBMS specific information elements 
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3.8   RRC Messages: 

Table 3.1 describes the control messages between the UE and RNC via air 

interface. The messages were classified according to procedure type.  

Procedure Type Messages Set 

RRC Connection Establishment RRC CONNECTION REQUEST 

RRC CONNECTION SETUP 

RRC CONNECTION SETUP COMPLETE 

RRC CONNECTION REJECT 

RRC Connection Release RRC CONNECTION RELEASE 

RRC CONNECTION RELEASE COMPLETE 

Radio Bearer Control RADIO BEARER SETUP 

RADIO BEARER SETUP COMPLETE 

RADIO BEARER SETUP FAILURE 

RADIO BEARER RECONFIGURATION 

RADIO BEARER RECONFIGURATION COMPLETE 

RADIO BEARER RECONFIGURATION FAILURE 

RADIO BEARER RELEASE 

RADIO BEARER RELEASE COMPLETE 

RADIO BEARER RELEASE FAILURE 

TRANSPORT CHANNEL RECONFIGURATION 

TRANSPORT CHANNEL RECONFIGURATION COMPLETE 

TRANSPORT CHANNEL RECONFIGURATION FAILURE 

PHYSICAL CHANNEL RECONFIGURATION 

PHYSICAL CHANNEL RECONFIGURATION COMPLETE 

PHYSICAL CHANNEL RECONFIGURATION FAILURE 

TRANSPORT FORMAT COMBINATION CONTROL 

TRANSPORT FORMAT COMBINATION CONTROL FAILURE 
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PHYSICAL SHARED CHANNEL ALLOCATION 

UPLINK PHYSICAL CHANNEL CONTROL 

Paging PAGING TYPE 1 

PAGING TYPE 2 

Cell and URA Update CELL UPDATE 

CELL UPDATE CONFIRM 

URA UPDATE 

URA UPDATE CONFIRM 

UTRAN Mobility Information UTRAN MOBILITY INFORMATION 

UTRAN MOBILITY INFORMATION CONFIRM 

UTRAN MOBILITY INFORMATION FAILURE 

Active Set Update ACTIVE SET UPDATE 

ACTIVE SET UPDATE COMPLETE 

ACTIVE SET UPDATE FAILURE 

Inter-RAT Cell Change Order from 
UTRAN 

CELL CHANGE ORDER FROM UTRAN 

CELL CHANGE ORDER FROM UTRAN FAILURE 

Inter-RAT handover to UTRAN HANDOVER TO UTRAN COMMAND 

HANDOVER TO UTRAN COMPLETE 

Inter-RAT handover from UTRAN HANDOVER FROM UTRAN COMMAND 

HANDOVER FROM UTRAN FAILURE 

Counter Check COUNTER CHECK 

COUNTER CHECK RESPONSE 

Signaling Connection Release SIGNALLING CONNECTION RELEASE 

Signaling Connection Release Indication SIGNALLING CONNECTION RELEASE INDICATION 

Measurement MEASUREMENT CONTROL 

MEASUREMENT CONTROL FAILURE 

MEASUREMENT REPORT 

ASSISTANCE DATA DELIVERY 

UE Capability Enquiry UE CAPABILITY ENQUIRY 
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UE Capability Information UE CAPABILITY INFORMATION 

UE CAPABILITY INFORMATION CONFIRM 

Initial Direct Transfer INITIAL DIRECT TRANSFER 

Uplink Direct Transfer UPLINK DIRECT TRANSFER 

Downlink Direct Transfer DOWNLINK DIRECT TRANSFER 

Security Mode Control SECURITY MODE COMMAND 

SECURITY MODE COMPLETE 

SECURITY MODE FAILURE 

Table 3.1, RRC messages 

3.8.1 System Information Broadcasting: 

The System Information Broadcasting (SIB) is messages related to cell or URA 

of RNC, and carried the frequency, time slot, channelization code, etc related to that cell 

or URA. SIB is classified and divided to blocks according to the type of information 

and the scope of coverage. Figure 3.5 describes the Hierarchy of Broadcast blocks [5]. 

 

Figure 3.5, Hierarchy of Broadcast blocks. 
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3.9   RRC Messages Abstract Syntax: 

Many types of information are transported between any two nodes of a network 

using protocol messages. The abstract syntax is defined as the description methodology 

for data structure defined in a high-level programming language used for all possible 

protocol messages that can be transported. This data structure can take set of values. 

The RRC protocol uses the Abstract Syntax Notation One (ASN.1). 

ASN.1 is a notation language that is used for describing structured information 

that is intended to be transferred across some type of interface or communication 

medium. It is especially used for defining communication protocols [6]. ASN.1 is 

defined in ITU-T Recommendations X.680-X.683. 

The following list displays the advantages of ASN.1:  

 ASN.1 is a standardized, vendor, platform and language independent notation.  

 A vast number of telecommunication protocols and services are defined using 

ASN.1. This means that pre-defined ASN.1 packages and modules are available 

and can be obtained from standardization organizations. 

 When ASN.1 data types are transmitted over networks, their values must be 

represented in bit-patterns. Encoding and decoding rules determining the bit-

patterns are already defined for ASN.1.  

 ASN.1 enables extensibility. This means that it simplifies compatibility of 

systems that have been designed and implemented large time frames a part [6]. 
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3.10   RRC Messages Transfer Syntax: 

When you are going to transfer generated information on networks, the values of 

the abstract syntax message must be encoded by transfer syntax. 

The transfer syntax is the set of bit patterns that represents the abstract syntax 

messages with each bit pattern representing just one value. The rules determining the 

bit-patterns are called the encoding rules [6]. 

There are many types of encoding rules and the RRC protocol uses Packed 

Encoding Rules (PER) unaligned. 

Packed Encoding Rules (PER) are ASN.1 encoding rules for producing compact 

transfer syntax for data structures described in ASN.1, and standardized by ITU-T as 

ITU-T X.691and defined in 1994 [13, 14]. 

PER provides a much more compact encoding than Basic Encoding Rule (BER). 

It uses additional information, such as the lower and upper limits for numeric values, 

from the ASN.1 specification to represent the data units using the minimum number of 

bits. The compactness requires that the decoder knows the complete abstract syntax of 

the data structure to be decoded, however. 

There are two variations of packed encoding rules: unaligned and aligned. With 

the unaligned encoding, the bits are packed with no regard for octet (byte) boundaries. 

With aligned encoding, certain types of data structures are aligned on octet boundaries, 

meaning there may be some number of wasted padding bits. Unaligned encoding uses 

the least number of bits, but presumably at some cost in processing time [15]. 
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3.11  Structure of encoded RRC messages: 

An RRC PDU, which is the bit string that is exchanged between peer entities 

across the radio interface, is the concatenation of a Basic Production, an Extension and 

Padding, in that order as shown in figure 3.6. 

RRC PDUs shall be mapped to and from RLC SDUs upon transmission and 

reception as follows: 

 when delivering an RRC PDU as an RLC SDU to the RLC layer for 

transmission, the first bit of the RRC PDU shall be represented as the first bit in 

the RLC SDU and onwards; 

 Upon reception of an RLC SDU from the RLC layer, the first bit of the RLC 

SDU shall represent the first bit of the RRC PDU and onwards [12]. 

Basic Production 

The 'basic production' is obtained by applying UNALIGNED PER to the 

abstract syntax value (the ASN.1 description) as specified in X.691, except for the 0 to 

7 bits added at the end to produce a multiple of 8 bits. The basic production can have 

any positive number of bits, not necessarily a multiple of 8 bits [12]. 

Extension 

RRC messages may be extended in future versions of this protocol, either by 

adding values for choices, enumerated and size constrained types or by adding 

information elements. Extension part may be empty or non-empty according to the 

version of the specification [12]. 
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Figure 3.6, Encoded RRC message structure. 

Padding 

According to the version of the specification, transmitters pad the basic 

production with the smallest number of bits required to meet the size constraints of the 

lower layers. Padding bits shall be set to 0. According to the version of the 

specification, receivers have no need to distinguish the extension and padding parts, and 

shall accept RRC PDUs with any bit string in the extension and padding parts [12]. 

When using AM or UM mode, RLC requires that the RRC PDU length is a 

multiple of 8 bits.  

When using transparent mode, RLC does neither impose size requirements nor 

perform padding. This implies that RRC has to take into account the transport format set 

defined for the transport channel across which the message is to be sent. RRC shall add 

the lowest number of padding bits required to fit the size specified for the selected 

transport format.  
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For system information blocks, building the PDU involves two steps. The first 

step is the building of the System Information Blocks; in which step padding is not 

applied (the rules for extension apply). The second step is the building of the RRC 

PDUs, involving segmentation and concatenation of System Information Blocks, and 

then padding as described above for transparent mode. The procedure is shown by 

means of an example as described in Figure 3.7. The example includes two System 

Information Blocks, SIBn and SIBn+1, of which only SIBn includes a protocol 

extension. The two System Information Blocks used in the example do not require 

segmentation and are concatenated into one SYSTEM INFORMATION message. 

 

Figure 3.7, Padding for System Information. 

PCI: Protocol control information at SYSTEM INFORMATION message level 

SI: SYSTEM INFORMATION message 
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For system information blocks, RRC may also add padding information at the 

end of Information Element (IE) "SIB data fixed", used both within IE "Last segment" 

and IE "Complete SIB". The IE "SIB data fixed" has a fixed length i.e. no length 

denominator used. In case the remaining amount of "SIB data" information is 

insufficient to fill the IE completely, RRC includes padding bits. 

Since no length denominator is included, the receiving RRC cannot remove the 

padding added by the sender. However, since the padding used is the same as the 

padding added by the PER encoder to achieve octet alignment, the receiver can handle 

it. 

The mechanism described above implies that the PDU provided to the ASN.1 

decoder may have more than 7 padding bits included. For a complete System 

Information Block of length 215 bits, 11 padding bits are added by RRC. Since the 

decoder requires an octet aligned input, 6 additional bits need to be added. In this 

(worst) case, a total of 17 padding bits are included. So, in these cases, use of padding 

bits is possible and more efficient than including a length denominator. 

 

Figure 3.8, No RRC padding for System Information. 
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When using the RRC padding described above, the segment has a fixed length, 

which completely fills the transport block. Therefore, in this case no RRC padding is 

added within the SYSTEM INFORMATION message. This is illustrated by means of 

the figure 3.8 [12]. 
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3.12 Interactions between RRC and lower layers: 

Besides the immediate lower sub-layer (RLC), RRC interacts with the other 

lower layers by controlling the allocation of radio resources and allowing MAC to 

arbitrate between users and radio bearers. RRC uses the measurements done by the 

lower layers to determine which radio resources are available. Figure 3.9 shows 

interactions between radio resource control and lower layers. 

 

Figure 3.9, Interaction between RRC and lower layers. 
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4 CHAPTER IV: RRC Unit Design and Implementation 

4.1 Introduction: 

The goal of this chapter is to show the design and implementation of a Radio 

Resources Control protocol using SDL design language. The next sections are 

organized as follows; section two surveys and discuses the previous studies. Section 

three includes two subsections; the first one discusses the reasons for choosing the SDL 

language whereas the second subsection presents an overview about SDL language 

includes its definition, history, benefits, symbols meaning, characteristics, and 

application area. Section four defines and shows the features of the used development 

environment. Section five presents and explains the proposed design flow. Finally, the 

simulation results are shown and discussed in section six. 

4.2 Previous Studies: 

The first design and implementation trial of the RRC prototype unit was in 2001 

in Korea by Gyeongsang National University and ETRI (Electronics and 

Telecommunications Research Institute), where it presented design of Mobile Originate 

– Mobile Terminate (MO/MT) establishment call scenario using design language called 

SDL (Specification and Description Language) written by development environment 

Telelogic Tau SDL suite4.1 . The final code implemented on hardware platform called 

Radio Protocol Tester (RPT) with specification described in table 4.1 [10]. 
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Operating System VxWorks 

Main Processor MPC860EN 50MHZ 

Main Memory SDRAM 16Mbytes 

Program Store Memory Flash 4Mbytes 

Boot Memory Flash 512Kbytes 

Ethernet I/F 10Base-T 

Debug port RS-232c 

Table 4.1, RPT specification 

The second trial was in 2002 by the ETRI team and it was completion of the first 

trial as well as integration with other layers for UE side. This trial confirmed that the 

SDL is the best design language technique, and also the Telelogic Tau SDL Suite as the 

powerful development environment with the same RPT specifications [16]. 

The third trial was in 2006 and sponsored by CETECOM Company, which was 

based on the previous work about the design by SDL to implement a complete RNC 

unit including the design and implementation of the RRC unit using SDL [7]. 

4.3 Design Language: 

In this thesis, SDL is used as the design language since it has been shown that it 

is the best design language and development techniques for communication and 

telecommunication protocol. 

4.3.1 Why SDL? 

There are two types of description language used for systems design: 

 Hardware Description Language (HDL), ex; VHDL, Verilog 

 Formal Description Technique (FDT), ex; SDL, LOTOS, Estelle 
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To choose between those languages, let’s first consider the comparison 

described in table 4.2. 

 VHDL SDL 

Design and language simplicity Complex Very simple 

Performance speed High Moderate 

Table 4.2, comparison between VHDL and SDL 

Based on the previous studies of the specifications and properties of the RRC 

protocol, it is clear that it is very complicated and concurrent procedures. Hence SDL is 

the best design language and development technique for design and implementation of 

the RRC unit. Also, the SDL code simplicity which is needed to reduce the complexity 

of design. At our system, the solution of complexity problem of the design is more 

important than speed, since the speed depends on the running processor. The SDL is the 

most powerful and efficient language for complex systems. 

4.3.2 What is SDL? 

Specification and description language (SDL) is an object-oriented, formal 

language targeted at the unambiguous specification and description of the behavior of 

reactive and distributed systems, defined by ITU–T as recommendation Z.100. The 

language is intended for the specification of complex, event-driven, real-time, and 

interactive applications involving many concurrent activities that communicate using 

discrete signals [17]. 

SDL is one of three common design languages of standard Formal Description 

Technique (FDT): Estelle (Extended Finite State Machine Language) (ISO, 1989e), 

LOTOS (Language of Temporal Ordering Specification) (ISO, 1989l) and SDL 
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(Specification and Description Language) (CCITT, 1988). FDTs were developed to 

ensure unambiguous, clear and concise specifications, completeness, consistency and 

tractability, in order to achieve conformance of implementations to specifications. All 

these FDT languages must be considered as potential candidates to the formal 

specification of manufacturing systems [18].  

In 1988 and 1989 ISO (International Organization for Standardization) and 

CCITT (Committee Consultative International for Telegraphy and Telephony [CCITT] 

now ITU-T) standardized three formal languages: Estelle, LOTOS and SDL. These 

Formal Description Techniques (FDTs) were specially developed for the area of 

telecommunication systems (protocol specification and data processing). The ISO FDT 

group based the creation of FDTs on two categories of approaches: Finite State 

Automata and Algebraic Ideas. Estelle was standardized within the first category, and 

uses the concept of extended finite state machine (EFSM). The EFSM concept allows 

ESTELLE to deal with a problem of real systems - state space explosion. LOTOS 

belongs to the second category of approaches and provides means to deal with two 

different aspects: system behaviors and abstract data typing. System behaviors are 

modeled using process algebras: Calculus of Communicating Systems (CCS) and 

Communicating Sequential Process (CSP). Abstract data typing is based on an abstract 

data type language. In collaboration with ISO, CCITT has standardized SDL that 

includes characteristics of both Estelle and LOTOS, namely the Extended Finite State 

Machine (EFSM) concept and Abstract Data Types (ADT) respectively. The reason 

why FDTs emerged is also applicable to other kind of systems (aeronautics, robotics, 

production systems, etc) - when systems complexity increases only formal approaches 

allow proper description/specification, verification and implementation [18]. 
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Over the last decade, the size of produced software has increased dramatically. 

More and more systems are multiprocessing and distributed, and they execute in a 

heterogeneous environment. It is increasingly accepted within a steadily growing range 

of industrial segments that the best way to meet the needs of these systems is through 

formal methods. 

Furthermore, as the international market grows, equipment from different 

manufacturers must be able to communicate with each other. Therefore, the formal 

methods should be internationally standardized. Telecommunications software 

engineers have developed such methods and tools for the development of complex real-

time software. SDL is an object-oriented formal language defined by the ITU-T for 

specification of complex, real-time applications. The strength of SDL is its ability to 

describe the structure, behavior, and data of a system [17]. 

4.3.2.1 Benefits of a Specification Language: 

It is widely accepted that the key to successfully developing a system is to 

produce a thorough system specification and design. This task requires a suitable 

specification language, satisfying the following needs: 

 A well defined set of concepts.  

 Unambiguous, clear, precise, and concise specifications.  

 A thorough and accurate basis for analyzing specifications.  

 A basis for determining whether or not an implementation conforms to the 

specifications.  

 A basis for determining the consistency of specifications.  

 Computer support for generating applications without the need for the traditional 

coding phase.  
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SDL has been defined to meet these demands. It is a graphical specification 

language that is both formal and object-oriented. The language is able to describe the 

structure, behavior, and data of real-time and distributed communicating systems with a 

mathematical rigor that eliminates ambiguities and guarantees system integrity. It has a 

graphic syntax that is extremely intuitive. Even no constructors quickly obtain an 

overview of a system's structure and behavior. The most important characteristic of 

SDL is its formality. The semantics behind each symbol and concept are precisely 

defined. Above all, the great strength of SDL lies in describing large real-time systems. 

It is a general purpose description language for communicating systems. The 

basis for description of behavior is communicating Extended State Machines that are 

represented by processes. Communication is represented by signals and can take place 

between processes or between processes and the environment of the system model. 

Some aspects of communication between processes are closely related to the description 

of system structure. An Extended State Machine consists of a number of states and a 

number of transitions connecting the states. The machine starts in a transition leading to 

an initial state. The key features of the Z.100 language are as follows:  

 The ability to be used as a wide spectrum language from requirements to 
implementation  

 Suitability for real-time, stimulus-response systems 

 Presentation in a graphical form 

 A model based on communicating processes (extended finite state machines) 

 Object oriented description of components 

SDL is formally complete, so it can be used for code generation for either 

simulation or final code [17, 18]. 
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4.3.2.2 History: 

The development of SDL started in 1972. A 15-member study group within CCITT 

representing several countries and large telecom companies like Bellcore, Ericsson, and 

Motorola began research on a standard specification language for the 

telecommunications industry. The first version of the language was issued in 1976 using 

graphical syntax; the textual form was introduced later for machine processing. The 

next versions introduced in 1980, 1984, 1988, 1992, and 1996. The latest versions 

expanded the language considerably and simplified interfacing. Object oriented features 

were included in 1988 SDL-88 released. The version released in 1992 had among other 

features an improved implementation support. This was extended in the latest version 

(SDL-2000) to give better support for object modeling and for code generation which is 

completely based on object-orientation.  

Stability of the language is an important attribute to users, and SDL-92 was 

effectively a superset of SDL-88. Therefore, any system definition that conforms to 

SDL-88 was also (with a few exceptions) valid SDL-92. However, SDL-92 has many 

advantages in the way that systems can be structured using object features of the 

language, and the most popular tools now support SDL-92 features.  

In 1996 a few updates were made to the language in an addendum to the SDL-92 

defined by the 1992 Z.100 standard. The addendum relaxed a number of rules for the 

language to make it easier to use in an even more flexible way. In general this is still 

called SDL-92. 

NOTE: SDL-88, SDL-92 and SDL-2000 refer to versions of the standard; SDL'99 and SDL'01 refer to 

the 1999 SDL Forum and 2001 SDL Forum, SDL2003, SDL2005 and SDL2007 refer to the 11th, 12th 

and 13th SDL Forum respectively. 
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For SDL-2000, the opportunity was taken to remove some features that were not 

strongly supported by tools. Object modeling was strengthened and better support given 

for programming directly in the language. Today SDL is a complete language in all 

senses [17, 18]. 

4.3.2.3 SDL and Other Languages: 

SDL is well suited to be the core of full-scale projects because of its abilities to 

interface with other languages. Such languages include other high-level notations for 

analysis such as Object Modeling Technique (OMT)/Unified Modeling Language 

(UML) object models and Message Sequence Chart (MSC) use-cases, as well as 

Abstract Syntax Notation one (ASN.1) or Common Object Request Broker Architecture 

(CORBA)/Interface Description Language (IDL) data-type definitions. 

Furthermore, there are tools available that can generate executable code directly 

from the SDL design like C/C++ or ITU High-Level Language (CHILL). Tests can also 

be generated from the SDL specification by making a test suite in Tree and Tabular 

Combined Notion (TTCN), see Figure 4.1 for the relations between these languages 

[17]. 

For systems engineering the ITU specification and description language is usually 

used in combination with other languages: MSC, ASN.1, TTCN and UML. The use of 

the object model notation of SDL-2000 in combination with MSC, traditional Z.100 

state models, and ASN.1 is a powerful combination that covers most aspects of system 

engineering. This set of notations meets the criteria for UML. There has been work 

relating the ITU specification and description language and TTCN semantic models. 

TTCN is often used for testing or validating standards or systems written using the ITU 

specification and description language. Similarly the ITU specification and description 



Chapter 4  RRC Unit Design and Implementation 

54 

language is often used for systems or standards to be tested or validated using TTCN 

[19]. 

 

Figure 4.1, the Relations between Different Languages and SDL. 

Typically, the procedure from requirements analysis to product implementation 

and testing would involve the following steps [17]: 

 Collect the initial requirements in a text document. 

 Study system analysis results in a number of OMT/UML object models and 

MSC use-cases depicting typical scenarios. The resultant classes are 

implemented in SDL as SDL block diagrams and SDL/ASN.1/IDL data-type 

definitions. 

 Complete the SDL diagrams and ASN.1 or IDL specifications to a level where 

they can be simulated and checked for consistency with the system requirements 

analysis. 



Chapter 4  RRC Unit Design and Implementation 

55 

 Use verification and validation to determine whether required properties are 

correctly and completely implemented. The verification procedure also detects 

general errors like deadlocks, signal races, loss of signals, etc. When SDL 

design has proved consistent with the requirements, a code for the application 

can be generated. 

 Make a test suite in TTCN. Tests can be generated from the SDL specification. 

In some cases, such tests are already available (e.g., from standardization 

bodies). 

 Generate code to create an executable test suite that can be run in a test system. 

 Run the executable tests and test the application in the target environment. 

These languages have been studied in the same group within the ITU, and 

therefore also come within the scope of the SDL Forum Society. The ITU Z.105 and 

Z.107 standards define the use of SDL with ASN.1. The Z.109 standard defines a UML 

profile for SDL, and the Z.120 standard defines Message Sequence Charts. There is a 

supplement to Z.100 that gives a methodology which includes TTCN [19]. 

4.3.2.4 SDL Characteristics: 

SDL is a design and implementation language dedicated to advanced technical 

systems (i.e., real-time systems, distributed systems, and generic event-driven systems 

where parallel activities and communication are involved). Typical application areas are 

high- and low-level telecom systems, aerospace systems, and distributed or highly 

complex mission-critical systems.  SDL has a set of specialized characteristics that 

distinguishes it from other technologies [17]: 
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 Standard; SDL is a nonproprietary internationally standardized language (ITU–T 

standard Z.100 and Z.105). 

 Formal; SDL is a formal language ensuring precision, consistency, and clarity in 

the design that is crucial for mission-critical applications (e.g., most technical 

systems). 

 Graphical and symbol-based; SDL is a graphical and symbol-based language 

providing clarity and ease of use. An SDL design is both an implementation and 

its own documentation. The automatic translation between GR and PR(and vice 

versa) is possible. 

 Object-oriented (OO); SDL is a fully OO language supporting encapsulation, 

polymorphism, and dynamic binding. Moreover, SDL extends the traditional 

data-oriented OO class concept by customizing it for technical applications and 

introducing OO concepts for active objects (e.g., systems, blocks, and state 

machines). 

 Highly testable; SDL has a high degree of testability as a result of its formalism 

for parallelism, interfaces, communication, and time. The quality and speed 

improvements are dramatic compared to traditional no formal design techniques. 

 Portable, scalable, and open; SDL is portable, scalable, and open. SDL 

implementations are independent of cross compilers, operating systems, 

processors, inter-process communication mechanisms, and distribution methods. 

A single SDL implementation can be used for many different target architectures 

and configurations. 
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 Highly reusable; SDL provides a high degree of reuse. Because of visual clarity, 

testability, OO concepts, clear interfaces, and abstraction mechanisms, SDL 

design has a much higher degree of reusability than any other type of design or 

implementation. 

 Efficient; the formalism and the level of abstraction that is provided by SDL 

make it possible to apply sophisticated optimization techniques for cross-

compilation. 

4.3.2.5 Theoretical Model and Structure: 

SDL is a formal object oriented language with formal definition of the semantics 

(SDL 96 is the latest version). SDL provides a hierarchical form of describing systems 

allowing different levels of abstraction. The system is seen as a set of blocks connected 

via channels, providing a general overview of the system structure. Each block can then 

be refined in sub-blocks or directly in processes. Each process represents an Extended 

Finite State Machine (EFSM). So at this level SDL describes a system as a set of 

communicating extended finite state machines (CEFSMs). Communication between 

processes (CEFSMs) and also between system and the environment is done exchanging 

messages. Messages are modeled using the signal construct. If necessary a signal can 

carry parameters [18]. 

Theoretical Model  

The basic theoretical model of an SDL system consists of a set of extended finite 

state machines (FSMs) that run in parallel. These machines are independent of each 

other and communicate with discrete signals.  

An SDL system consists of the following components:  
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 Structure-system, block, process, and procedure hierarchy  

 Communication-signals with optional signal parameters and channels (or signal 

routes)  

 Behavior-processes  

 Data-abstract data types (ADT)  

 Inheritance-describing relations and specialization  

The following subsections introduce the basic concepts. 

Structure 

 SDL comprises four main hierarchical levels as explained in figure 4.2:  

 System 

 Blocks 

 Processes 

 Procedures 

 

Figure 4.2, the Structural View of an SDL System. 
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Dividing a system into a system, block, and process hierarchy is called 

partitioning a system. The objectives of partitioning include the following: 

 Hiding information (move details not important in an overview to lower levels) 

 Following natural functional subdivisions 

 Creating modules of intellectually manageable sizes 

 Creating a correspondence with actual software or hardware 

 Reusing already-existing specifications 

Each SDL process type is defined as a nested hierarchical state machine. Each 

sub state machine is implemented in a procedure. Procedures can be recursive; they are 

local to a process or they can be globally available depending on their scope. SDL also 

supports the remote procedures paradigm, which allows one to make a procedure call 

that, executes in the context of another process.  SDL processes have separate memory 

spaces, (i.e., data is local to a process or procedure). This is a highly important aspect 

that dramatically reduces the number of deficiencies and increases robustness. 

A set of processes can be logically grouped into a block (that is, subsystem). 

Blocks can be nested inside each other to recursively break down a system into smaller 

and maintainable encapsulated subsystems. These break-down mechanisms are 

important for large team development efforts, and SDL simplifies this by also providing 

clear interfaces between subsystems.  

Static and Dynamic Structure 

The static structure of a system is defined in terms of blocks and channels. A 

block is perceived as a module with the well-known black box model. The dynamic 

structure is defined with the help of the process and the signal route concepts. A process 
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is an independent device that reacts to stimuli in the form of signals (the process 

concept is described more fully in the Behavior subsection). 

Communication 

 SDL does not use any global data. SDL has two basic communication 

mechanisms: asynchronous signals (and optional signal parameters) and synchronous 

remote procedure calls. Both mechanisms can carry parameters to interchange and 

synchronize information between SDL processes and with an SDL system and its 

environment (e.g., non–SDL applications or other SDL systems).  

SDL defines clear interfaces between blocks and processes by means of a 

combined channel and signal route architecture as described in figure 4.3. This 

communication architecture with formally clear signal interfaces simplifies large team 

development and ensures consistency between different parts of a system. SDL defines 

time and timers in a clever and abstract manner. Time is an important aspect in all real-

time systems but also in most distributed systems. An SDL process can set timers that 

expire within certain time periods to implement time-outs when exceptions occur but 

also to measure and control response times from other processes and systems.  

When an SDL timer expires, the process that started the timer receives a 

notification (signal) in the same way as it receives any other signal. Actually an expired 

timer is treated in exactly the same way as a signal. SDL time is abstract in the sense 

that it can be efficiently mapped to the time of the target system, be it an operating 

system timer or hardware timer. This makes it possible to simulate time in SDL models 

before the target system is available.  

Other aspects of the signaling concept in SDL are as follows: 
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 Signal and process priorities are not within the scope of SDL. These issues are 

left instead to the implementation phase where the user with special directives 

can assign signal and process priorities.  

 An SDL signal can only be sent to one specific process instance at a time. To 

enable broadcasting the user can include a package with some general-purpose 

functions that will provide a broadcasting mechanism in the implementation.  

Behavior 

The dynamic behavior in an SDL system is described in the processes. The 

system/block hierarchy is only a static description of the system structure. Processes in 

SDL can be created at system start or created and terminated at run time as explained in 

figure 4.4. More than one instance of a process can exist. Each instance has a unique 

Process identifier (PId). This makes it possible to send signals to individual instances of 

a process. The concept of processes and process instances that work autonomously and 

concurrently makes SDL a true real-time language. 

 

Figure 4.3, Signals between Two Processes Travel through Channels between Blocks and 
from One Process to Another via Signal Routes. 
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Often the behavior of a FSM is described using state diagrams, but these 

informal diagrams do not specify how the FSM should behave if in a given state arrives 

an unexpected message. An SDL specification states that unexpected messages are 

consumed and there is no state change on the FSM. This means that the system will 

ignore those messages. With informal specifications, the system behavior in those 

situations can be unpredictable. 

 

Figure 4.4, Creation of a New Process Instance at Runtime. 

Data 

 SDL accepts two ways of describing data, abstract data type (ADT) and ASN.1. 

The integration of ASN.1 enables sharing of data between languages, as well as the 

reuse of existing data structures.  

The ADT concept, as shown in figure 4.5, used within SDL is very well suited 

to a specification language. An abstract data type is a data type with no specified data 

structure. Instead, it specifies a set of values, a set of operations allowed, and a set of 

equations that the operations must fulfill. This approach makes it simple to map an SDL 

data type to data types used in other high-level languages.  
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Figure 4.5, Abstract Data Type Example. 

The set of predefined sorts in SDL makes it possible to work with data in SDL 

in a traditional way. Variables of standard sorts, such as the following, can be declared: 

 Integer  

 Real  

 Natural 

 Boolean  

 Character  

 Duration  

 Time  

 Charstring  

 PId  

 Complex data sorts (these can be created with Array and Struct as depicted in 

Figure 4.6)  
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 ADTs in SDL can be used for much more than representing data, such as for the 

following:  

 Hiding data manipulation  

 Hiding algorithmic parts of a specification  

 Creating an interface to external routines 

 

Figure 4.6, Advanced Use of ADTs. 

As Figure 4.6 depicts, data manipulation is hidden in operators. The function of 

the operator update is to update the complete result database and recalculate place for all 

participants after new results. This is an example of a sorting-and-seeking algorithm that 

is much better to hide in operators than to express in ordinary graphical SDL. Still, the 

operator should be described using SDL diagrams.  

Inheritance 

 The OO concepts of SDL give the user powerful tools for structuring and reuse. 

The concept is based on type declarations. Type declarations can be placed anywhere, 
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either inside the system close to their context, or at system level. Figure 4.7 shows an 

access control system with block and process types at system level. Type declarations 

can also be placed in packages outside the system, for sharing with other systems. 

 

Figure 4.7, System with Type Declarations. 

One of the major benefits of using an object-oriented language is the simple and 

intuitive way new objects can be created by adding new properties to existing objects or 

by redefining properties of existing objects. This is what is commonly referred to as 

specialization [17].  

In SDL, specialization of types can be accomplished in two ways [17]: 

 A subtype might add properties not defined in the super-type. One can, for 

example, add new transitions to a process type, add new processes to a block 

type, etc. (see Figure 4.8). 
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 A subtype can redefine virtual types and virtual transitions defined in the super 

type. It is possible to redefine the contents of a transition in a process type, to 

redefine the contents/structure of a block type, etc. 

 

Figure 4.8, Specialized Block Type. 

The next example introduces the GR form as shown in figure 4.9 [18]. This 

diagram represents the system structure and uses the following constructs: 

 system Example; 

 block references Control and Machine Tool; 

 channel Communication Server; 

 signals Start Program, Stop Program, Operating and Stopped; 

 text symbol signal definition 
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Figure 4.9, SDL specifications at system level in GR form. 

In the next abstraction level each one of the blocks is described. The following 

diagram as depicted in figure 4.10 shows the internal structure of the Machine Tool 

block. 

 

Figure 4.10, SDL specification of the Control block. 

This block contains only the process Machine Control Unit that communicates 

with the block environment via signal route sr1. In the lowest level of the specification 

processes are described as extended finite state machines (EFSMs). In this simple case 

the Machine Control Unit process is described in figure 4.11 by a regular FSM. 
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Figure 4.11, SDL specification of the Machine Control Unit process. 

This notation resembles flowcharts and is straightforward. For instance, if the 

FSM is in the state STOPPED and a Start Program message arrives, then an Operating 

output message is sent and the FSM jumps to the state RUNNING [18]. 

4.3.2.6 Sharing Information, Reuse, and Maintenance: 

Sharing Information—Packages 

SDL packages are graphical SDL libraries that define data structures, signals, 

process types, block types, and system types that can be shared between SDL systems 

and projects. This facilitates maintenance and reuse aspects for large applications and 

allows for sharing information between many systems.  

Reuse and Maintenance (Specialized Inheritance and Polymorphism) 

Apart from supporting object-oriented data (i.e., object-oriented passive objects) 

SDL also supports all object-oriented features for active objects—for example, systems, 

blocks, and state machines down to the transition level. This extends the traditional 

passive class concept that is more oriented towards non-technical applications and is 

found in UML, OMT, C++, and Java. SDL specialize it for technical applications (i.e., 
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real-time systems, distributed systems, and event-driven systems, where there is a 

heavier focus on communication and active state-oriented objects) [17].  

4.3.2.7 Openness, Portability, Scalability, and Distributed Applications: 

Openness 

 The latest SDL standard (SDL–96) defines external procedures (i.e., procedures 

that are implemented outside an SDL system). These procedures can be implemented in 

languages other than SDL, such as C code. 

With the ITU standard Z.105, SDL is combined with ASN.1. This extension to 

SDL allows a choice between declaring data according to the native SDL syntax or 

according to ASN.1. ASN.1 modules are treated as SDL packages and can, for example, 

be shared between an SDL design and a TTCN test suite.  

Portability and Scalability  

A key feature of SDL is its abstraction mechanisms for seamless portability 

between cross-compilers and operating systems. Moreover, the same abstraction 

mechanisms permit the user to choose how to map SDL processes to physical processes, 

IPC (Inter Process Communication) schemes, and time according to what is most 

efficient in each actual case. The same implementation can be used for many different 

configurations and different kernels, ranging from mono-tasking small systems to 

multiprocessor high-end systems.  

Distributed Applications  

The same abstraction mechanisms that make SDL implementations independent 

of cross-compilers, operating systems, and IPC and process mapping schemes also 
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make an SDL system independent of distribution architecture and distribution method. 

This makes SDL the perfect language for modeling and implementing distributed 

systems. One SDL model supports many physical distribution configurations [17].  

4.3.2.8 Graphical and Textual Notations and Application Areas: 

Graphical and Textual Notations 

The SDL language supports two equivalent notations. In addition to the 

graphical notation (SDL-GR), the textual notation (SDL-PR) is standardized.  

Application Areas 

Although SDL evolved within telecommunications, it is becoming increasingly 

popular in other industries as well. Some examples of applications of SDL outside the 

telecommunication area include the following [17]: 

 Satellite communications 

 Aeronautical standardization 

 Medical equipment 

 Railway control system 

 Communication protocols 

4.4 Development Environment:  

 There are many development environment programs for instance; Cinderella, 

COSMOS, Telelogic, … etc. The resent studies and researches that are related to the 

design using SDL, confirm that Telelogic is the most powerful development 

environment. It supports many features for instance [6]: 

 SDL editor for drawing or writing the SDL code 
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 MSC editor for drawing the designing case model of procedures 

 TTCN editor for validating and verifying the new object model, that modelled 

by OML language 

 Variable range sensitive syntax analyzer 

 SDL simulator for verifying the dynamic behaviour symbol by symbol or 

transition by transition and verifying the MSC generated from simulation with 

designed MSC by MSC editor 

 Powerful and efficient C code generator, that generate C code free from any 

mismatch and very efficient and powerful when running on any platform (PC, 

Microcontroller) 

 SDL validation for validating the consistency of the static behaviour with 

dynamic behaviour with analysis phase model. 

 The only program that can read the SDL code that written by other programs 

 Support early analysis phases, and the move from object-oriented analysis to 

SDL design 

 Provide an intuitive and consistent graphical user interface which reduces 

learning time and makes it easy to work with the tool 

 Very powerful help facility 
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4.5 Proposed Design Flow: 

 In our design we w depend on SDL suite design methodology, which depends on 

the following strategies [6]: 

 System Requirements 

 System Analysis 

 System Design 

4.5.1 System Requirements: 

 The system requirements describe the functions and the purpose from the 

system. In our system, we refer to 3GPP standard TS25.331. It defines the relation 

between the system and the environment by the following descriptions [6]: 

1. Describing the hardware block diagram and the interconnection between the unit 

that will be designed and other units, figures 4.12, 4.13 depict this concept. At 

figure 4.13, the units in gray colour are responsible for saving and executing the 

RRC protocol. 

2. Describing the system that will be designed as object model and relation of it 

with other systems object models and the information transferred between them, 

figure 3.3 depict this concept (in our system according to 3GPP standard). 
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Figure 4.12, interconnection of layers in UE. 

 

Figure 4.13, block diagram illustrating the mobile device. 

4.5.2 System Analysis: 

It analyzes the internal structure of the system to two levels: 

 Static Behavior 

 Dynamic Behavior  
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4.5.2.1 Static Behavior 

The static behavior is defined as the internal building blocks that consists the 

system, which makes the object model of the system as shown in figure 3.2. In our 

design, static behavior is used as specified in TS25.331 3GPP standard. 

4.5.2.2 Dynamic Behavior 

The dynamic behavior represents the procedures flow chart of tasks and function 

of the system internal components, which making the MSC (Message Sequence Chart) 

of the functions of the system. In our design, dynamic behavior is used as specified in 

TS25.331 3GPP standard.  

In our system we studied and analyzed the MSC model for mobile originate call 

scenario according to TS25.331 3GPP standard specification as shown in figure 4.14. 

The procedures between the UE and the network are explained in details as follow [5]: 

1. The NAS layer protocols send RR-EST-REQ primitive to the RRC layer include 

the CM SERVICE REQUEST message, CN-domain (at our design we chose the 

Circuit Switching CS) and establishment cause parameters. 

2. According to the RR-EST-REQ primitive, the RRC layer requests the 

establishment of an RRC connection to the network. [The network establishes 

up to four SRBs (Signaling Radio Bearers) (SRB1, SRB2, SRB3 and optionally 

SRB4). SRB3 and SRB4 are used for the NAS messages based on the priority of 

the message received with the message from the NAS. On the completion of the 

establishment of the RR connection, the control state of the RRC layer moves 

into the one of connected mode states (CELL-FACH or CELL-DCH)]. 
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3. On completion of the RRC connection establishment procedures, the RRC layer 

indicates the NAS layer using an RR-EST-CNF primitive. 

4. With an RRC connection established, the RRC layer can now send CM 

SERVICE REQUEST message by using the INITIAL DIRECT TRANSFER 

message, which includes the CM SERVICE REQUEST message and the CN 

domain for which the message is intended. 

5. The higher layers in the network side receive the CM SERVICE REQUEST 

message and may respond with an AUTHENTICATION REQUEST message. 

The AUTHENTICATION REQUEST message is sent as a parameter in the 

DOWNLINK DIRECT TRANSFER message from the RRC layer of the 

network side. 

6. The RRC layer in the UE forwards the AUTHENTICATION REQUEST 

message to the NAS layer using RR-DATA-IND primitive. 

7. The response from the NAS layer in the UE is the AUTHENTICATION 

RESPONSE message. The NAS layer requests the transmission of this message 

by passing it to the RRC layer via the RR-DATA-REQ primitive, which 

contains the AUTHENTICATION RESPONSE message as a parameter. 

8. Using the UPLINK DIRECT TRANSFER message, the RRC layer in the UE 

passes the AUTHENTICATION RESPONSE to the network as a parameter. 

9. On command from the higher layers in the network, the RRC layer in the 

network requests the activation of the ciphering and integrity protection 

functions by sending the SECURITY MODE COMMAND message. 
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10. The receipt of the SECURITY MODE COMMAND message causes the RRC 

layer in the UE to configure the ciphering and integrity protection functions 

according to the instructions in the message. When complete, SECURITY 

MODE COMPLETE message is passed to the RRC layer in the network side. 

11. The RRC layer in the UE indicates to the NAS layer that the integrity protection 

and ciphering are activated. This step is achieved through the passing of the RR-

SYNC-IND primitive. 

12. The NAS layer in the UE passes the SETUP message to the RRC layer for 

transmission using the RR-DATA-REQ primitive. 

13. The RRC layer in the UE sends the SETUP message to the CS domain using 

UPLINK DIRECT TRANSFER message. 

14. The network responds with the CALL PROCEEDING message sent to the RRC 

layer in the UE using the DOWNLINK DIRECT TRANSFER message. 

15. The RRC layer in the UE sends the CALL PROCEEDING message to the NAS 

layer via the RR-DATA-IND primitive. 

16. The AS in the network is requested by the CS CN to establish an RAB for the 

speech call, and so the RADIO BEARER SETUP message is sent, which 

includes the RAB-Id. 

17. The RRC layer in the UE acknowledges the RADIO BEARER SETUP with 

RADIO BEARER SETUP COMPLETE message when the RB is established. 

18. The RRC layer notifies the NAS layer that the resources are assigned using the 

RRC-SYNC-Ind primitive, which includes the RAB-Id. 
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19. The RRC layer in the UE receives the ALERTING message from the network 

and passes it to the NAS layer protocols. The ALERTING message indicates 

that the end user’s phone is ringing. 

20. When the destination user accepts the call, the higher layer protocols in the 

network side generates the CONNECT message that is sent to the NAS layer 

protocols in the UE. The user plane is activated and the voice data can flow via 

the RAB to the end user when approved by the network. 

21. The NAS layer protocols in the UE sends the CONNECT ACKNOWLEDGE 

message to the network indicating that the call is accepted. The voice data can 

now flow between the two users. 

Type of procedures used in mobile originate call scenario are as follows: 

 RRC Connection Establishment procedures; which are responsible for 

managing the RRC connection establishment between the UE and the RNC of 

the UTRAN. 

 Initial Direct Transfer procedures; which are responsible for transferring the 

connection request message of NAS upper layers from UE to CN. 

 Downlink Direct Transfer procedures; which are responsible for transferring 

CN upper layers connection management NAS message, Authentication 

procedures message, and calling procedures messages with destination from CN 

to UE. 
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 Uplink Direct Transfer procedures; which are responsible for transferring UE 

NAS upper layers Authentication procedures messages, and calling procedures 

messages with end destination from UE to CN. 

 Security Mode Control procedures; which are responsible triggering the start 

of ciphering or to command the restart of the ciphering with a new ciphering 

configuration, for the radio bearers of one CN domain and for all signaling radio 

bearers. It is also responsible for starting integrity protection or modifying the 

integrity protection configuration for all signaling radio bearers. 

 Radio Bearer Establishment procedures; which are responsible for 

establishing new radio bearers between the UE and UTRAN. 

 RRC Connection Release procedures; which release the radio resources 

assigned by RNC to UE. 

The tables from 4.3 to 4.15 explain the main information for each RRC message 

showing the RLC-SAP, logical channel, direction, and the information elements that 

only will be used in our design [12]. 
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Figure 4.14, the MSC for Mobile Originating Call. 
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Message RRC CONNECTION REQUEST 

RLC-SAP TM 

Logical Channel CCCH 

Direction UE -> UTRAN 

Information Elements UE IEs Initial UE identity 

  Establishment cause 

Protocol error indicator 

Measurement IEs Not used (Optional) 

Table 4.3, RRC CONNECTION REQUEST message 

Message RRC CONNECTION SETUP 

RLC-SAP UM 

Logical Channel CCCH 

Direction UTRAN -> UE 

Information Elements UE IEs Initial UE identity 

  RRC transaction identifier 

Activation time (optional) 

New U-RNTI (optional) 

New C-RNTI (optional) 

RRC State Indicator (optional) 

UTRAN DRX cycle length 
coefficient (optional) 

Capability update requirement 
(optional) 

Radio Bearer IEs Signalling RB information to 
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setup list (optional) 

TrCH IEs UL Transport channel information 
common for all transport channels 
(optional) 

 Added or Reconfigured UL TrCH 
information (optional) 

DL Transport channel information 
common for all transport channels 
(optional) 

Added or Reconfigured DL TrCH 
information (optional) 

PhyCH IEs Frequency info (optional) 

 Maximum allowed UL TX power 
(optional) 

channel requirement (optional) 

Downlink information common for 
all radio links (optional) 

Downlink information per radio link 
list (optional) 

Table 4.4, RRC CONNECTION SETUP message 

Message RRC CONNECTION REJECT 

RLC-SAP UM 

Logical Channel CCCH 

Direction UTRAN -> UE 

Information Elements UE IEs Initial UE identity 

  RRC transaction identifier 

Rejection cause 

Wait time 

Redirection info (optional) 
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Table 4.5, RRC CONNECTION REJECT message 

Message RRC CONNECTION SETUP COMPLETE 

RLC-SAP AM 

Logical Channel DCCH 

Direction UE -> UTRAN 

Information Elements UE IEs RRC transaction identifier 

  START list 

UE radio access capability 

(optional) 

Other IEs Inter-RAT UE radio access 
capability (optional) 

Table 4.6, RRC CONNECTION SETUP COMPLETE message 

Message INITIAL DIRECT TRANSFER 

RLC-SAP AM 

Logical Channel DCCH 

Direction UE -> UTRAN 

Information Elements CN IEs CN domain identity  

  Intra Domain NAS Node Selector 
(optional) 

 NAS message 

Table 4.7, INITIAL DIRECT TRANSFER message 
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Message DOWNLINK DIRECT TRANSFER 

RLC-SAP AM 

Logical Channel DCCH 

Direction UTRAN -> UE 

Information Elements UE IE RRC transaction identifier 

 CN IEs CN Domain Identity 

 NAS message 

Table 4.8, DOWNLINK DIRECT TRANSFER message 

Message UPLINK DIRECT TRANSFER 

RLC-SAP AM 

Logical Channel DCCH 

Direction UE -> UTRAN 

Information Elements CN IEs CN domain identity  

  NAS message 

Table 4.9, UPLINK DIRECT TRANSFER message 

Message SECURITY MODE COMMAND 

RLC-SAP AM 

Logical Channel DCCH 

Direction UTRAN -> UE 

Information Elements UE IEs RRC transaction identifier 

  Security capability (optional) 

 Ciphering mode info (optional) 
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 Integrity protection mode info 
(optional) 

CN IE CN domain identity 

Other IE UE system specific security 
capability (optional) 

Table 4.10, SECURITY MODE COMMAND message 

Message SECURITY MODE COMPLETE 

RLC-SAP AM 

Logical Channel DCCH 

Direction UE -> UTRAN 

Information Elements UE IEs RRC transaction identifier 

  Uplink integrity protection 

activation info (optional) 

Radio Bearer IEs Radio bearer uplink ciphering 

activation time info (optional) 

Table 4.11, SECURITY MODE COMPLETE message 

Message RADIO BEARER SETUP 

RLC-SAP AM or UM 

Logical Channel DCCH 

Direction UTRAN -> UE 

Information Elements UE IEs RRC transaction identifier 

  Integrity protection mode info 

(optional) 

Ciphering mode info (optional) 

Activation time (optional) 
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New U-RNTI (optional) 

New C-RNTI (optional) 

RRC State Indicator 

UTRAN DRX cycle length coefficient 
(optional) 

CN IEs CN Information info (optional) 

UTRAN mobility 
IEs 

URA identity (optional) 

Radio Bearer IEs Signalling RB information to setup list 
(optional) 

 RAB information to setup list (optional) 

RB information to be affected list 
(optional) 

Downlink counter synchronisation info 
(optional) 

TrCH IEs UL Transport channel information 
common for all transport channels 
(optional) 

 Deleted TrCH information list 
(optional) 

Added or Reconfigured TrCH 
information list (optional) 

DL Transport channel information 
common for all transport channels 
(optional) 

Deleted TrCH information list 
(optional) 

Added or Reconfigured TrCH 
information list (optional) 

PhyCH IEs Frequency info (optional) 

 Maximum allowed UL TX power 

(optional) 

channel requirement (optional) 

Downlink information common for all 
radio links (optional) 
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Downlink information per radio link list 
(optional) 

Table 4.12, RADIO BEARER SETUP message 

Message RADIO BEARER SETUP COMPLETE 

RLC-SAP AM 

Logical Channel DCCH 

Direction UE -> UTRAN 

Information Elements UE IEs RRC transaction identifier 

  Uplink integrity protection 
activation info (optional) 

Uplink Timing Advance (optional) 

START (optional) 

Radio Bearer IEs COUNT-C activation time 
(optional) 

 Radio bearer uplink ciphering 
activation time info (optional) 

Uplink counter synchronisation info 
(optional) 

Table 4.13, RADIO BEARER SETUP COMPLETE message 

Message RRC CONNECTION RELEASE 

RLC-SAP UM 

Logical Channel CCCH or DCCH 

Direction UTRAN -> UE 

Information Elements UE IEs RRC transaction identifier 

  N308 (optional) 

Release cause 
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Others IE Rplmn information (optional) 

Table 4.14, RRC CONNECTION RELEASE message 

Message RRC CONNECTION RELEASE COMPLETE 

RLC-SAP AM or UM 

Logical Channel DCCH 

Direction UE -> UTRAN 

Information Elements UE IEs RRC transaction identifier 

  Error indication (optional) 

Table 4.15, RRC CONNECTION RELEASE COMPLETE message 

Note 1: the above tables only mentioned the information elements that used in the design. 

Note 2: “optional” means that the IE is mentioned but disabled. 

4.5.3 System Design: 

Figure 4.15 summarizes all of the steps of our design and there implementation 

to the final form as executable file. The chart starts with describing the RRC 

specifications of UMTS standard (3GPP standard) by the SDL description language 

(including static and dynamic behavior description) using Telelogic Tau SDL suite 

(Cmicro-Targeting Expert) development platform which compile the SDL code to C 

language program (using the SDL compiler of the platform) including C language 

header files that define C language names for the signals, their parameters, and the data 

types of the parameters, and a C language template file is generated that has inputs and 

outputs SDL signals from and to the environment of the SDL system. This template is 

filled by the generator tool. The tool takes the SDL specification and analyzes the signal 

definitions and the data type definitions in it. Then it takes the generated C language 
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header files and determines the corresponding C language data types and parameter 

names, and takes the C language template file and fills it. The filled-out template and 

other C files are then compiled into an executable implementation for target machine 

using the C compiler visual C/C++ 2006 (executable file.exe). The representation of the 

signals as byte strings is determined by the generator tool. The representation is 

independent of any machine architecture (as long as it provides strings of bytes). Each 

parameter is mapped to one byte, in the order in which they appear in the parameter list. 

If a parameter can take more values than a single byte can hold, it is mapped to more 

bytes. The byte order is defined by the tool to be least-significant-byte first. The 

machine representations of the data structures may be different on the target machine. 

These machine representations may furthermore change during the project, e.g., due to 

changed choices of the hardware platform or of the embedded operating system. 

Finally, we can summarize these steps as follows: 

 Convert the object model to object design (blocks, process) 

 Convert the procedures flow chart to formal symbol code 

 Perform syntax analysis, verified from free syntax error 

 Generate C code 

 Perform simulation, verified the successful flow of steps and transitions of 

procedures, and verified the designed MSC with the MSC generated from 

simulation 
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Figure 4.15, SDL design and implementation sequence chart. 

The static behavior of the SDL design of the system is shown in figure 4.16. The 

figure represents the SDL system diagram. The left side in the figure shows the UE side 

and the right side in the figure shows the emulated UTRAN side in conjunction with 

CN. Also in the figure, we see seven channels implement the interconnection between 

the system and environment and the blocks of the system itself. The TEST_CH channel 

is the channel between the environment and UTRAN_CN SDL block. PHY_CH 

channel is the channel between the UE Side and UTRAN SDL blocks. This channel 
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practically represents the air interface or the wireless connection between the UE and 

the UTRAN. The C_ChS channel is the control channel between the RSS SDL block 

(Radiation Sensing Station and will be explained in detail in chapter five) and the 

UE_Side SDL block. The Info_ChS channel is the information channel between the 

RSS and UE_Side SDL blocks. The C_ChR and Info_ChR channels are the control and 

information channels respectively between the Monitor_Center (will be explained in 

chapter five) and UTRAN_CN SDL blocks.  

 

Figure 4.16, RMN_WCDMA SDL System Diagram. 

The internal SDL block diagram of the UE side is shown in figure 4.17. The 

figure explains how the WCDMA UE layer model can be designed and implemented by 

the SDL; we also still represent the static behavior of the model. Each layer 

implemented by SDL block and the interconnection between the layers are implemented 

by SDL channels that contain list or group of signals that represent the primitives 

between the layers. The UE_NAS SDL block emulates the Non Access Stratum layer. 
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The UE_RRC SDL block implements the Radio Resources Control protocol. The 

UE_RLC SDL block emulates the Radio Link Control sublayer of Data Link layer. The 

UE_MAC SDL block emulates the Medium Access Control sublayer of Data link layer. 

The UE_PHY SDL block emulates the physical layer.  

 

Figure 4.17, UE_Side SDL Block Diagram. 

The C_RLC_U, C_MAC_U and C_PHY_U are the control channels that carry 

the control signals, primitives, and replies from UE_RLC, UE_MAC and UE_PHY 

SDL blocks respectively. The TM_D_U, UM_D_U and AM_D_U channels are the 

implementation of the SAPs between the RRC layer and RLC sublayer according to the 

three RLC modes Transparent Modes, Unacknowledged Mode and Acknowledged 

Mode respectively. The CCCH_U, DCCH_U and DTCH_U channels are emulating for 

Common Control, Dedicated Control and Dedicated Transport logical channels between 

the RLC and MAC sublayer. The Transport_CH channel emulates the transport 
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channels between the MAC sublayer and Physical layer. The USER_R, C_Ch, Info_Ch 

and PHY_R channels are the extensions for USER_CH, C_ChS, Info_ChS and 

PHY_CH channels respectively which were explained in figure 4.16. 

The internal SDL structure of the RRC layer is shown in figure 4.18. The 

structure consists of SDL process diagram level. According to the 3GPP standard, the 

mobile originate call function related to connection management procedures group, so 

we only implement one process represent the connection management procedures, this 

process called Conn_Manage as shown in figure 4.18. The routes RRC_TM_RLC, 

RRC_UM_RLC and RRC_AM_RLC represent the SAP between the RRC layer and 

each mode of RLC layer. The signals included in each routes represent primitives 

between RRC and each mode of RLC layers. The routes C_RLC_R1, C_MAC_R1 and 

C_PHY_R1 includes the control signals from RRC to lower layers and the indication 

and confirmation signals from lower layers to RRC layer. 
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Figure 4.18, UE_RRC SDL Block Diagram. 

To go in more details for design and implementation the MO call function in the 

RRC layer, see the figures from 4.19a to 4.19h. The SDL dynamic behavior strategy is 

used to design and implement the MO call function procedures. Figure 4.19a represents 

the RRC connection establishment procedures that include RRC CONNECTION 

REQUEST message, RRC CONNECTION SETUP message, RRC CONNECTION 

REJECT message and RRC CONNECTION SETUP COMPLETE message. The 

dynamic behavior executed by EFSM principle. As shown in the figure, the first state 

“RRC_Conn_REQ” start with start process symbol, the state ended by the initiating of 

next state which named “WAIT”. From rules of EFSM, the state was trigged by input 

symbol signal. In the figure, the state “RRC_Conn_REQ” was triggered by received 
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input signal “RRC_EST_REQ(NAS_Est_Par)”. The signal received from NAS layer 

and carries parameters from upper layer that needed to establish the RRC 

CONNECTION REQUEST message such as CN identification, Establishment Cause 

and so on as defined in the specification. Before going to the next state “WAIT”, the 

“RRC_Conn_REQ” state transmits output signal “TM_UL_U” to lower layer (RLC) at 

SAP “TM_D_U” includes the encoded RRC CONNECTION REQUEST message. 

The encoding rule mechanism is shown inside the circle in figure 4.19b while 

the decoding rule mechanism is shown inside the circle in figure 4.19c. The RRC 

CONNECTION REQUEST message set contents are presented in figure 4.19i and the 

message itself is written by ASN.1 code formula obvious in figure 4.20. 

Back to figure 4.19a, the state “WAIT” was triggered by two input signal 

“UM_DL_U” signal and “TM_DL_U” signal. The first signal on L.H.S of the state and 

receives the RRC CONNECTION SETUP message. The second signal on R.H.S of the 

state and receives the RRC CONNECTION REJECT message. If the state receives the 

setup message, the state continues by transmitting RRC CONNECTION SETUP 

COMPLETE message then transient to next state “IDT_CM_SER_REQ” that obvious 

in figure 4.19b. If the state receives reject message, the state ends with transient back to 

first state “RRC_Conn_REQ”. 

Figure 4.19b represents the Initial Direct Transfer procedures that include 

INITIAL DIRECT TRANSFER message. The SDL symbols inside the ring represent 

the Encoding Rule mechanism. The state is triggered by receiving input signal from 

upper layer carries service request NAS message that will be sent to core network. This 

NAS message is included in INITIAL DIRECT TRANSFER message that will be sent 

to the lower layer by “AM_UL_U” signal through “AM_D_U” SAP as shown in figure 
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4.18. The state will end with transient to next state “DDT_AUTH_REQ”. The INITIAL 

DIRECT TRANSFER message set contents obvious in figure 4.19j and the message 

itself is written by ASN.1 code formula as shown in figure 4.21.  

Figure 4.19c represents the Uplink Direct Transfer and Down Direct Transfer 

procedures that include the UPLINK DIRECT TRANSFER message and DOWNLINK 

DIRECT TRANSFER message respectively. The SDL symbol inside the ring represents 

the Decoding Rule mechanism. The L.H.S of the figure shows the “DDT_AUTH_REQ” 

state that represents the Down Link Direct Transfer procedures. The state was triggered 

by receiving input signal represents the received Authentication Request message from 

core network. The state will transmit the received message to upper layer then transient 

to next state “UDT_AUTH_RES”. The R.H.S of the figure shows the 

“UDT_AUTH_RES” state that represents the Uplink Direct Transfer procedures. The 

state was triggered by receiving input signal from upper NAS layer of the UE carries the 

Authentication Response NAS message that will be sent to CN by “AM_UL_U” signal 

through AM_D_U SAP then to lower layers. The state will transient to next state 

“Rx_SMCommand”. 
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Figure 4.19a, Conn_Manage SDL Process Diagram. 

 

Figure 4.19b, Conn_Manage SDL Process Diagram. 
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Figure 4.19c, Conn_Manage SDL Process Diagram. 

 

Figure 4.19d, Conn_Manage SDL Process Diagram. 
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Figure 4.19e, Conn_Manage SDL Process Diagram. 

 

Figure 4.19f, Conn_Manage SDL Process Diagram. 
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Figure 4.19g, Conn_Manage SDL Process Diagram. 

The figures from 4.19d to 4.19h represent the Security Mode Control 

procedures, Uplink Direct Transfer procedures for NAS SETUP message, Downlink 

Direct Transfer procedures for NAS CALL PROCEEDIKNG message, Radio Bearer 

Control procedures, Downlink Direct Transfer procedures for NAS ALERTING 

message, Downlink Direct Transfer procedure for NAS CONNECT message, Uplink 

Direct Transfer procedures for NAS CONNECT ACKNOWLEDGE message, and RRC 

Connection Release procedures respectively. 

Figures 4.19i and 4.19j show the SDL procedure diagram which is utilized to set 

the values of ASN.1 format of RRC messages. 
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Figure 4.19h, Conn_Manage SDL Process Diagram. 

Figures 4.20 and 4.21 show the RRC CONNECTION REQUEST message and 

INITIAL DIRECT TRANSFER message respectively which are written by ASN.1 

according to 3GPP standard. The figures show the ASN.1 code formula.  

The designed MSC is shown in the figures from 4.22a to 4.22f. The procedures 

mentioned in dynamic behavior analysis explain our designed MSC, where the design 

phase should be compatible with analysis phase. 
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Figure 4.19i, Conn_Manage SDL Procedure Diagram. 

 

Figure 4.19j, Conn_Manage SDL Procedure Diagram. 
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Figure 4.20, RRC CONNECTION REQUEST ASN.1 message. 

 

Figure 4.21, INITIAL DIRECT TRANSFER ASN.1 message. 
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Figure 4.22a, Designed MSC for MO call scenario. 

 

Figure 4.22b, Designed MSC for MO call scenario. 
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Figure 4.22c, Designed MSC for MO call scenario. 

 

Figure 4.22d, Designed MSC for MO call scenario. 



Chapter 4  RRC Unit Design and Implementation 

105 

 

Figure 4.22e, Designed MSC for MO call scenario. 

 

Figure 4.22f, Designed MSC for MO call scenario. 

The C source code generated by Targeting Expert facility, introduced in [6], of 

Telelogic Tau4.4 is 1.460KB. This large size of C file is due to the included large size 

of ASN.1 message structure, introduced in [12], which is also converted into C code. 
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The generated executable file after compilation by Microsoft Visual C++ 6.0 was 

running on windows XP operating system. Figures 4.23 and 4.24 respectively, explain 

how assigning the ASN.1 coding function and determine the type of Encoding Rule 

(PER unaligned according to 3GPP standard) which supported by Targeting Expert 

facility. 

 

Figure 4.23, Targeting Expert facility, assigning ASN.1 coding function. 
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Figure 4.24, Targeting Expert facility, assigning type of Encoding Rule. 

 

Figure 4.25 shows the designed control state diagram for NAS of User 

Equipment. The diagram does not represent the practical design for NAS layer, but it is 

only for emulating. The diagram consists of six states. The state “RRC_Conn_Estab” 

initiates the RRC Connection Establishment procedures in RRC layer. The state 

transients to itself if receives REJECT message. The state “IDT” initiates and sends the 

CM Services Request NAS message that will be transferred through the message of 

Initial Direct Transfer procedures. The state “UDT Auth.Res” initiates and sends the 

Authentication Response NAS message that will be transferred through the message of 

Uplink Direct Transfer procedures in RRC layer. The state “UDT Setup” initiates again 

and sends the Setup NAS message that will be transferred through the message of 

Uplink Direct Transfer procedures in RRC layer. The state “Rx/RNC” receives the Call 
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Proceed, Alert and Connect NAS messages, then initiate again and send the Connect 

Acknowledge NAS message will be transferred through the message of Uplink Direct 

Transfer procedures in RRC layer. The state transients to itself until the reception of 

three messages, then it transients to “STOP_RSS” state. The state “STOP_RSS” 

switches off the RSS unit. The state is initiated by acknowledge from RRC layer when 

the RRC connection is released. 

 

Figure 4.25, UE-NAS Control State Diagram. 

Figure 4.26 is the main diagram, which represents the main goal of this chapter 

and the overall thesis. The figure shows the designed control state diagram for RRC of 

UE. The diagram represents the practical design for implementing the mobile originates 

call function only. It consists of 13 states. The states “RRC Conn Req” and “RRC Conn 

Set.Com” represent the RRC Connection Establishment procedures. The state “IDT” 

represents the Initial Direct Transfer procedures. The state “DDT Auth.Req” represents 

the Downlink Direct Transfer procedures that receive the Authentication Request NAS 

message from CN. The state “UDT Auth.Res” represents the Uplink Direct Transfer 
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procedures that transmit the Authentication Response NAS message to CN. The state 

“S.M.Comp” represents the Security Mode Control procedures. This state was initiated 

when receiving SECURITY MODE COMMAND message from RNC, then the state 

reply the RNC with SECURITY MODE COMPLETE message. The state “UDT Setup” 

represents the Uplink Direct Transfer procedures that transmit the Setup NAS message 

to CN. The state “DDT C.P” represents Downlink Direct Transfer procedures that 

receive Call Proceed upper layer message from CN. The state “R.B Set Comp” 

represents the Radio Bearer Establishment procedures. This state was initiated when 

receiving RADIO BEARER SETUP message from RNC, then the state reply the RNC 

with RADIO BEARER SETUP COMPLETE message. The state “DDT Alert” 

represents the Downlink Direct Transfer procedures that receive the Alert upper layer 

message from CN. The state “DDT Connect” represents the Downlink Direct Transfer 

procedures that transmit the Connect Acknowledge NAS upper layer message to CN. 

The state “UDT Con. ACK” represents the Uplink Direct Transfer procedures that 

transmit the Connect Acknowledge NAS upper layer message to CN. The state “REL 

Comp” represents the RRC Connection Release procedures. This state is initiated when 

the state transmits RRC CONNECTION RELEASE COMPLETE message to RNC. 

Figure 4.27 shows the designed control state diagram for upper layers of CN. 

The diagram does not represent the practical design for upper layers of the CN, but it is 

only for emulation. The diagram consists of ten states as explained previously in 

UE_NAS control state diagram. Also, the CN upper layers control state diagram 

initiates the procedures of RRC layer in the RNC of UTRAN. 



Chapter 4  RRC Unit Design and Implementation 

110 

 

Figure 4.26, UE-RRC Control State Diagram. 

 

 

 

Figure 4.27, CN-Upper Layers Control State Diagram. 

Figure 4.28 shows the designed control state diagram for RRC of Radio 

Network Controller. The diagram does not represent the practical design, but it is only 

for emulation. 
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Figure 4.28, RNC-RRC Control State Diagram. 

4.5.4 Design Assumptions: 

In our model, the below assumptions are used. Although they simplify the 

design, they are applicable for any prototype protocol design. Also, the 3GPP standard 

allows the use of these assumptions in the prototype design and testing purposes: 

1. Error free messages. 

2. No handover (No cell reselection, No cell update). 

3. Assume CN domain Identity IE is CS-domain (circuit switching connection). 

4. Assume Establishment-Cause IE is Originating Conversational Call. 

5. No SIM card. 

6. Assume single Radio Bearer. 

7. Assume one way connection (Mobile Originate only). 

8. The (Authentication, Setup, Connect) procedures actually triggered from NAS 
automatically, but we will manually triggered them also from NAS. 

Assumptions 3 and 4 determined and indicated form NAS. 
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4.6 Simulation Results: 

We aim from these simulation results to show and verify the functionality of the 

implemented and executed generated source code with the desired design which also 

must match the 3GPP specifications standard. Finally, the implemented functionality 

will be validated. We make the verification from three points of view: 

 Message Sequence Chart 

 Control State Diagrams 

 Encoded output and decoded input RRC message to and from UE and RNC.  

Figure 4.29 shows the MSC generated from the simulation. In the figure, the 

horizontal axis represents the ordering of the processes while the vertical axis represents 

the states ordering initiated with time. For more zooming to see the simulation figures in 

details refer to appendix B. 

 

Figure 4.29, simulated MSC. 
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At first point of view, we compare between three MSC types; Standard MSC, 

Designed MSC, and Output Simulation MSC. The comparison does at two levels. At 

first level, it does between the standard and designed MSC then at second level it does 

between the designed and output simulation MSC. At each level, we take two samples 

of MSC represents two types of procedures. 

The first sample of comparison done between apart of standard MSC which is 

showing the RRC Connection Establishment procedures as depicted at figure 4.30 and 

section from the designed MSC which is showing the same type of procedure as 

depicted at figure 4.31 then the output simulation MSC for same type of procedures as 

depicted at figures 4.32a to 4.32c. 

At first level from the comparison, we note the following: 

 The circle (A) at figures 4.30 and 4.31 represents the primitives RR-EST-REQ 

from UE-NAS to UE-RRC. 

 The circle (B) at figures 4.30 and 4.31 represents the RRC CONNECTION 

REQUEST message from the RRC of UE entity to RRC of RNC entity. 

 The circle (C) at figures 4.30 and 4.31 represents the RRC CONNECTION 

SETUP message from the RRC of RNC entity to RRC of UE entity. 

 The circle (D) at figures 4.30 and 4.31 represents the RRC CONNECTION 

SETUP COMPLETE message from the RRC of UE entity to RRC of RNC 

entity. 

 

Figure 4.30, section (A) from standard MSC. 
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Figure 4.31, section (A) from designed MSC. 

At second level from comparison, we note the following: 

 The circle (S) at figures 4.31 and 4.32a refers to the trigger signal that starting 

the program. This signal triggered from the environment. 

 The circle (1) at figures 4.31 and 4.32a represents the primitives RR-EST-REQ 

from UE-NAS to UE-RRC. 

 The circle (2) at figures 4.31 and 4.32a represents the RRC CONNECTION 

REQUEST message from the RRC of UE entity to RRC of RNC entity. 

 The circle (3) at figures 4.31 and 4.32b represents the REQ signal from the RRC 

of RNC entity to CN. 

 The circle (4) at figures 4.31 and 4.32b represents the YES signal from the 

environment to CN, for emulating the CN function. 

 The circle (5) at figures 4.31 and 4.32b represents the OK signal from the CN to 

the RRC of RNC entity. 

 The circle (6) at figures 4.31 and 4.32b represents the RRC CONNECTION 

SETUP message from the RRC of RNC entity to RRC of UE entity. 

 The circle (7) at figures 4.31 and 4.32c represents the RRC CONNECTION 

SETUP COMPLETE message from the RRC of UE entity to RRC of RNC 

entity after the UE received the RRC CONNECTION SETUP message. 
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 The circle (8) at figures 4.31 and 4.32c represents the RR-EST-CNF primitive 

from the RRC of UE to NAS after the UE sent the RRC CONNECTION 

SETUP COMPLETE message. 

 

Figure 4.32a, section from output simulation MSC. 

 

Figure 4.32b, section from output simulation MSC. 
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Figure 4.32c, section from output simulation MSC. 

The second sample of comparison done between apart of standard MSC which is 

showing the Direct Transfer procedures as depicted at figure 4.33 and section from the 

designed MSC which is showing the same type of procedure as depicted at figure 4.34 

then the output simulation MSC for same type of procedures as depicted at figures 4.35a 

to 4.35d. 

 

Figure 4.33, section (B) from standard MSC. 



Chapter 4  RRC Unit Design and Implementation 

117 

At first level from the comparison, we note the following: 

 The circle (F) at figures 4.33 and 4.34 represents the INITIAL DIRECT 

TRANSFER message from RRC of UE to RRC of RNC entity. 

 The circle (G) at figures 4.33 and 4.34 represents the DOWNLINK DIRECT 

TRANSFER message from the RRC of RNC entity to RRC of UE. 

 The circle (H) at figures 4.33 and 4.34 represents the RR-DATA-Ind primitive 

from the RRC of UE to NAS of same UE. 

 The circle (I) at figures 4.33 and 4.34 represents the RR-DATA-Req primitive 

from the NAS of UE to RRC of same UE. 

 The circle (J) at figures 4.33 and 4.34 represents the UPLINK DIRECT 

TRANSFER message from RRC of UE to RRC of RNC entity. 

 

Figure 4.34, section (B) from designed MSC. 
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At second level from comparison, we note the following: 

 The circle (S2) at figure 4.34 and 4.35a refers to the trigger signal that initiating 

the direct transfer procedures. This signal triggered from the environment. 

 The circle (9) at figures 4.34 and 4.35a represents the INITIAL DIRECT 

TRANSFER message from RRC of UE to RRC of RNC entity. 

 The circle (10) at figures 4.34 and 4.35b represents a carrier primitive from the 

RRC of RNC entity to CN. 

 The circle (11) at figures 4.34 and 4.35b represents a reply primitive from the 

CN to RRC of RNC entity. 

 The circle (12) at figures 4.34 and 4.35b represents the DOWNLINK DIRECT 

TRANSFER message from the RRC of RNC entity to RRC of UE. 

 The circle (13) at figures 4.34 and 4.35c represents the RR-DATA-Ind 

primitive from the RRC of UE to NAS of same UE. 

 The circle (14) at figures 4.34 and 4.35c represents the RR-DATA-Req 

primitive from the NAS of UE to RRC of same UE. 

 The circle (15) at figures 4.34 and 4.35c represents the UPLINK DIRECT 

TRANSFER message from RRC of UE to RRC of RNC entity. 

 The circle (16) at figures 4.34 and 4.35d represents a carrier primitive from the 

RRC of RNC entity to CN. 

From previous comparisons, we note that the output simulation MSC is identical 

with the standard MSC and this confirms the verification of our design and its 

functionality. 
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Figure 4.35a, section from output simulation MSC. 

 

Figure 4.35b, section from output simulation MSC. 
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Figure 4.35c, section from output simulation MSC. 

 

Figure 4.35d, section from output simulation MSC. 
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At second point of view, we compare between the designed control state 

diagram of UE-RRC that depicted at figure 4.36 and SDL control state diagram of RRC 

of UE that is generated after the system is compiled, implemented and executed that 

depicted at figures 4.37a to a.37c. 

 

 Figure 4.36, UE-RRC designed Control State Diagram. 

By comparing the number of states, ordering of states, and signals flow from 

state to another with the designed control state diagram of UE-RRC, it is clear that our 

design model matches the standard specifications, which is confirming the verification 

of desired design. 
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Figure 4.37a, UE-RRC output simulation Control State Diagram. 

 

Figure 4.37b, UE-RRC output simulation Control State Diagram. 
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Figure 4.37c, UE-RRC output simulation Control State Diagram. 

At third point of view, we compare between Encoded RRC message that output 

from the RRC unit and decoded RRC message that input to RRC unit from UE to RNC 

and vise versa. 

Figure 4.38 shows the SDL system and would be assigned the message type 

RRC CONNECTION REQUEST message to be transmitted and set the values of the 

ASN.1 variables then encode the message with PER unaligned and the output of 

encoding for all message contents then the final form of SDU stream that will be 

transmitted to lower layers.  

Figures 4.39 and 4.40 show the encoded and decoded SDU in transmitting and 

receiving sides respectively using the PER unaligned for INITIAL DIRECT 

TRANSFER message. 
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Figure 4.38, simulated output RRC CONNECTION REQUEST message. 

 

Figure 4.39, PER unaligned Encoding in UE Side for INITIAL DIRECT TRANSFER 
message. 

 

Figure 4.40, Unaligned decoding in UTRAN-CN Side for INITIAL DIRECT TRANSFER 
message. 
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CHAPTER V: Nuclear Application Based on WCDMA 

5.1 Introduction: 

Recently, nuclear material monitoring becomes very important especially in the 

emerging nuclear regions. In this thesis, UMTS network is proposed to handle the 

communication between local Dose Rate Measuring stations and Central Monitoring 

Unit. To achieve this purpose, a scheme is proposed to compute dose rate and transfer its 

values in conjunction with time stamp and location to the Central Monitoring Unit of the 

Radiation Monitoring Network using WCDMA system. SDL language is used to design, 

implement and simulate the proposed scheme. Simulation results show the functionality 

of this scheme. 

The rest of the chapter is organized as follows; section two describes the RMN 

model. Section three explains the design and implementation procedures. Finally, section 

four explains and discusses the simulation results. 

5.2 Radiation Monitoring Networks: 

Conventionally, the serial communication is used to interface the radiation sensing 

stations with modem to communicate with the Central Monitoring Unit via Public 

Switching Telephone Network (PSTN) [20]. In this thesis, the utilization of already 

established mobile networks are introduced especially the WCDMA system of the UMTS 

networks [5, 11] to utilize the more coverage of these networks at urban, ruler, resorts, 

desert and border areas and take advantages of the 3G systems for future developments 

for radiation monitoring network and reduce the cost of establishing new especial 
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network for radiation monitoring. We introduce new model that merge the radiation 

sensing stations with the architecture of the WCDMA system. 

This thesis presents the development of Radiation Monitoring Network (RMN) 

model composed of two entities. The first entity is Radiation Sensing Station (RSS) and 

the second entity is Monitoring Central Unit (MCU). In our proposal, the networking 

model is utilizing WCDMA system. The Specification and Description Language (SDL) 

was used to develop and simulate the model. 

5.3 Design and Implementation: 

The Architecture of Radiation Monitoring Network (RMN) model is consisting of 

two entities. The first entity is Radiation Sensing Station (RSS) and the second entity is 

Monitoring Central Unit (MCU). The radio interface and the core network are based on 

UMTS network. Figure 5.1 show the network architecture. The RSS and MCU entities 

represent the two end destination of the network model with one way direction for the 

data channel form RSS to MCU. 

 

Figure 5.1, Network architecture model of Radiation Monitoring Network based on 
UMTS network. 
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5.3.1 System Requirements: 

As mentioned previously in chapter 4 about the definition of system requirements, 

figure 5.1 explains the relation between our model and the UMTS network. 

Figure 5.2 shows the hardware requirements with the Dose Rate Calculator: 

 Sensors, the antennas or probes that pick up the radiation. 

 GM tube (Giger Mular tube) with high voltage power supply and shaping circuit 

is entering to our software program to calculate the dose rate. 

 

Figure 5.2, hardware requirements for the Dose Rate Calculator. 

The RSS unit utilized the application layer of WCDMA system. As shown in figure 

5.3 the interlayer connection between the RSS and the lower layers of the WCDMA 

system. The figure also shows the RRC layer or (RRC protocol) and its interlayer 

connection and primitives between it and upper and lower layers [10, 16]. For 

simplification, we use the circuit switching with the other entity. 
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Figure 5.3, the RSS unit in conjunction with layers of WCDMA system. 

5.3.2 System Analysis: 

The function of the RSS entity is measuring the radiation and calculates the dose rate 

then sending the calculations results to MCU. The architecture of RSS is consisting of 

two main blocks. The first block is Detector O/P simulator which simulates the GM tube, 

high voltage power supply and shaping circuit and the second block is the Dose Rate 

Calculator as shown in figure 5.4. The figure represents the static behavior of the DR-

Calculator. In this thesis, we will focus only on Dose Rate Calculator block. 

The function of the MCU is receiving the measured dose rate in scheduled time 

interval and send request to perform measurement as demand. 
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Figure 5.4, Block Diagram of RSS Unit. 

5.3.3 System Design: 

Figure 5.5 shows the indirect designed MSC between the RSS unit and the MC unit. 

The dashed line between the RRC-R (RRC RSS) and RRC-M (RRC MC) referred to 

indirect communication between them, but through the UTRAN then CN and vice versa.  

 

Figure 5.5, RSS-MC Message Sequence Chart. 
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Figure 5.6 explains the SDL system diagram of RMN based on WCDMA. The 

diagram consists of two main sides. The left side is the RSS block or entity as described 

in RMN model figure 5.1, and connected with the UE_Side block which represents the 

protocol architecture of the WCDMA system as shown in figure 4.17. The right side is 

the Monitor_Center block or MCU entity as described in RMN model and connected 

with the WCDMA system as the same way of RSS unit, but for the emulation and 

simulation purpose we summarize the rest of the network in the UTRAN_CN block. 

 

Figure 5.6, RMN_WCDMA SDL System Diagram. 

Figure 5.7 shows the SDL internal architecture which representing the SDL static 

behavior of RSS unit and equivalent to block diagram in figure 5.4. The figure shows 

RSS SDL block contains DETECTOR_OP_SIMULATOR SDL block and 

DOSE_RATE_CALCULATOR SDL block which are connected via channel “DR” that 

containing signal “Data”. The function of the DETECTOR_OP_SIMULATOR SDL 

block is emulating for clock pulse and sensed radiation dose. The function of 

DOSE_RATE_CALCULATOR SDL block is calculating the value of the sensed dose. 
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Figure 5.8 shows the internal architecture of the DOSE_RATE_CALCULATOR block at 

SDL process level.  

Figure 5.9 shows the SDL dynamic behavior and implementation of dose rate 

computation using GM tube considering dead time loses [20] according to (1): 

Count (in µSv) = (-1.1995 + 0.06536*count + 1.689*10^-6*count^2)| count = +ve || 0|count = -ve 

(1) 

 

Figure 5.7, RSS SDL Block Diagram. 

The procedures of the process was designed to send the calculated dose to 

Monitoring Center if the value of the calculated dose above zero and if the value is equal 

zero or under zero the process does not transmit anything. In case where the value is 

above zero, the process send message via the UMTS network contains the calculated dose 

value, the time of measuring, the date of measuring and station ID. 
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Figure 5.8, DOSE_RATE_CALCULATOR SDL Process Diagram. 

 

Figure 5.9, DRC Process. 
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5.4 Simulation Results: 

Figure 5.10 shows the data transfer (measured Dose Rate Information) between 

system layers form RSS to MCU. 

Figure 5.11 shows the calculated dose rate where its value is less than zero so the 

RSS unit decides to don’t transmit any data. At figure 5.12 the calculated dose rate is 

more than zero and the RSS unit decides to transmit the calculated value to MCU. 

Figure 5.13 shows the received information message from the RSS entity. The 

message includes the station number, the measured dose rate, the date and the time of 

measuring. 

Finally, the simulation results confirm on the validation of the implemented and 

executed source code and its verification with the desired design. 

 

Figure 5.10, RMN MSC – measured Dose Rate Information Transfer from RSS to MCU. 
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Figure 5.11, The DRC Process (Dose Rate Calculator) measure value less than zero and 
decide don’t transmit. 

 

Figure 5.12, The DRC Process (Dose Rate Calculator) measure value greater than zero 
and decide to transmit the measured value to MCU. 

 

Figure 5.13, The MCU receives Information Message from the RSS include the station 
number, the measured dose rate, the date and the time of measuring 

.
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6 CHAPTER VII: Conclusions and Future Works 

6.1   Conclusions: 

In this thesis, we designed, implemented and simulated the building block of Radio 

Resources Controller. The simulation results verified and validated with the standard 

specifications. The thesis presented the SDL design methodology and the related 

development environments and the previous researches that ensure the reliability of this 

design methodology in design and implementation the complex communication protocols 

and control systems. The implementation was done by generating C code using Telelogic 

Tau SDL suite development environment, and the executable file was run on Windows 

XP platform. Throughout this thesis, we reviewed the UMTS network based on WCDMA 

and the protocol architecture of the network, with the focus on the RRC protocol in the 

control plane. Also, a nuclear application that is based on WCDMA was presented. The 

application which is a model for Radiation Monitoring Network was designed, 

implemented and simulated. 

6.2   Future Works: 

We hope in the future to complete all of the RRC layer functions using the SDL 

design methodology and integrate the design with the other layers of the WCDMA 

system protocol stack. Finally, execute the generated code of the overall layers on SoC 

system. 
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Appendixes 

Appendix A: Simulation Results Figures 

 

The figures from B.1a to B.1i explain the MSC simulation of the figure 4.29 

with zooming on transitions. 

 

 

Figure A.1a, MSC part 1. 
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Figure A.1b, MSC part 2. 

 

 

Figure A.1c, MSC part 3. 
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Figure A.1d, MSC part 4. 

 

 

Figure A.1e, MSC part 5. 
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Figure A.1f, MSC part 6. 

 

 

Figure A.1g, MSC part 7. 
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Figure A.1h, MSC part 8. 

 

 

Figure A.1i, MSC part 9. 
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Figures from B.2a to B.2d explain the horizontal axis of simulation results in 

more detail, which shows the sequence ordering of the SDL processes from left to right 

that represent the ordering of the layers between the UE entity and RNC entity 

respectively. The sequence of processes from left to right is shown in figures B.2a and 

B.2b that simulate the ordering of protocol layers of the UE side from top to down.  

The sequence of processes from left to right is shown in figures B.2c and B.2d 

that simulate the ordering of protocol layers of the RNC side from down to top. 

 

 

Figure A.2a, MSC horizontal axis part 1. 
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Figure A.2b, MSC horizontal axis part 2. 

 

 

Figure A.2c, MSC horizontal axis part 3. 
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  Figure A.2d, MSC horizontal axis part 4. 

Figures from B.3a to B.3o explain in more details the simulation results of the 

state transitions as well as the input and output signals for RRC Connection 

Establishment procedures and Initial Direct Transfer procedures respectively. This 

simulation result represents the implementation of dynamic behavior that consists of 

number of state transition which is executed inside the process.  

Figures from B.3a to B.3d simulate the states transition for signals of RRC 

CONNECTION REQUEST message. The signals flow is from left to right. The 

simulation results also show the final form of the message contents after being encoded 

by Unaligned PER encoding rule as mentioned previously. The simulation also shows 

the states of the other emulated lower layer and how the message signal initiates these 

states to transfer between them.  
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Figures from B.3e to B.3h simulate the states transition for signals of RRC 

CONNECTION SETUP message. The signals flow is from right to left. As previously 

mentioned, the simulation results also show the final encoded form for the message 

contents and the states of each process that is transferred through them.  

Figures from B.3h to B.3k simulate the states transition for signals of RRC 

CONNECTION SETUP COMPLETE message. The signals flow is from left to right.  

Figures from B.3l to B.3o simulate the states transition for signals of INITIAL 

DIRECT TRANSFER message. The signals flow is from left to right. 

 

 

Figure A.3a, MSC transitions part 1. 
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Figure A.3b, MSC transitions part 2. 

 

 

Figure A.3c, MSC transitions part 3. 
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Figure A.3d, MSC transitions part 4. 

 

 

Figure A.3e, MSC transitions part 5. 
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Figure A.3f, MSC transitions part 6. 

 

 

Figure A.3g, MSC transitions part 7. 
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Figure A.3h, MSC transitions part 8. 

 

 

Figure A.3i, MSC transitions part 9. 
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Figure A.3j, MSC transitions part 10. 

 

 

Figure A.3k, MSC transitions part 11. 
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Figure A.3L, MSC transitions part 12. 

 

 

Figure A.3m, MSC transitions part 13. 
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Figure A.3n, MSC transitions part 14. 

 

 

Figure A.3o, MSC transitions part 15. 
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Appendix B: Design Flow Charts
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RRC Connection Establishment 

8.1.3.2 Initiation Procedures 
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The Flow Chart according Rel.5.19 
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RRC Connection Establishment 

8.1.3.3 Set message contents 
The Flow Chart according Rel. 5.19 
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RRC Connection Establishment 

8.1.3.4 Reception of RRC CONNECTION REQUEST msg by UTRAN 
UTRAN  UE 
The Flow Chart according Rel. 5.19 
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RRC Connection Establishment 

8.1.3.5 (Cell re-selec�on or T300 �meout) by UE 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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RRC Connection Establishment 

8.1.3.6 Reception of an RRC CONNECTION SETUP msg by UE 
UTRAN  UE 
The Flow Chart according Rel. 5.19 
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RRC Connection Establishment 

8.1.3.6 Reception of an RRC CONNECTION SETUP msg by UE 
(Send RRC CONNECTION SETUP COMPLETE msg by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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RRC Connection Establishment 

8.1.3.7 Physical channel failure or cell re-selection (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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8.1.3.8 Invalid RRC CONNECTION SETUP msg (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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8.1.3.9 Reception of an RRC CONNECTION REJECT msg (by UE) 
UTRAN  UE 
The Flow Chart according Rel. 5.19 
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8.1.3.10 Invalid RRC CONNECTION REJECT msg (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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Initial Direct Transfer 

8.1.8.2 Initiation of Initial Direct Transfer procedure (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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Initial Direct Transfer 

8.1.8.2 Initiation of Initial Direct Transfer procedure (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
(2/2) 
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8.1.8.2a RLC re-establishment or inter-RAT change (by UE) 
8.1.8.2ab Inter-RAT handover from UTRAN to GERAN Iu mode (by UE) 
8.1.8.2b Abortion of signaling connection establishment (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 
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8.1.8.3 Reception of INITIAL DIRECT TRANSFER msg (by UTRAN) 
UTRAN  UE 
The Flow Chart according Rel. 5.19 
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Set the START value for the CN domain indicated in the 

IE "CN Domain Identity" to the value of the IE "START" 

Note: 

When the UTRAN receives an INITIAL DIRECT 

TRANSFER msg, it shall not affect the state of 

any other ongoing RRC procedures, when not 

stated otherwise elsewhere.  
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Downlink Direct Transfer 

8.1.9.2 Initiation of downlink direct transfer procedure (by UTRAN) 
UTRAN  UE 
The Flow Chart according Rel. 5.19 

 Form upper layers 

At UTRAN, receive request from upper layers include NAS msg 

The UTRAN sets the IE "CN Domain Identity" to indicate which 

CN domain the NAS msg is originated from 

Transmit DOWNLINK DIRECT TRANSFER msg on 

DL-DCCH > AM-RLC on SRB3 or SRB4 

If 

If Upper layers indicate "Low Priority" for this message: 

Select SRB4, if available  

Specially for a GSM-MAP based CN, 

SRB4 should, if available, be selected 

when "SAPI 3" is requested. 

Select SRB3 when SRB4 is not available 

Select SRB3 

Specially for a GSM-MAP based CN, SRB3 

should be selected when "SAPI 0" is requested 

Upper layers indicate "High Priority" for this message: 

Note: 

The UTRAN may also initiate the downlink direct transfer 

procedure when another RRC procedure is ongoing, and in 

that case the state of the latter procedure shall be affected 
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Downlink Direct Transfer 

8.1.9.3 Reception of a DOWNLINK DIRECT TRANSFER msg (by UE) 
UTRAN  UE 
The Flow Chart according Rel. 5.19 

Receive the DOWNLINK DIRECT TRANSFER msg 

Extract the IE "CN Domain Identity" from the message 

Route the contents of the IE "NAS message" and the 

value of the IE "CN Domain Identity" to upper layers 

Clear the entry for the DOWNLINK DIRECT TRANSFER msg in the 

table "Accepted Transactions" in the variable TRANSACTIONS 

END 

Note: 

When the UE receives a DOWNLINK DIRECT TRANSFER 

msg, it shall not affect the state of any ongoing RRC 

procedures when not state otherwise elsewhere 

A 
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Downlink Direct Transfer 

8.1.9.3a No signaling connection exists 
UTRAN  UE 
The Flow Chart according Rel. 5.19 

 

If 
The UE receive a DOWNLINK DIRECT TRANSFER msg, and the signaling 

connection identified with the IE "CN Domain Identity" does not exist 

according to the variable ESTABLISHED_SIGNALING_CONNECTIONS, the 

UE shall: 

Ignore the contents of the DOWNLINK DIRECT TRANSFER msg 

Set RRC STATUS msg contents as follow: 

Include the IE "Identification of received message" 

Set the IE "Received Message Type" to DOWNLINK 

DIRECT TRANSFER 

Set the IE "RRC Transaction Identifier" to the value 

of "RRC Transaction Identifier" in the entry for the 

DOWNLINK DIRECT TRANSFER msg in the table 

"Accepted Transactions" in the variable 

TRANSACTIONS 

Clear that entry 

Include the IE "Protocol Error Information" with the 

IE "Protocol Error Cause" set to "Message not 

Compatible with Receiver State" 

Continue with any ongoing processes and procedures as if the 

DOWNLINK DIRECT TRANSFER msg has not been received 

A 

Transmit an RRC STATUS msg on the UL-DCCH > AM-RLC 
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Downlink Direct Transfer 

8.1.9.4 Invalid DOWNLINK DIRECT TRANSFER msg 
UTRAN  UE 
The Flow Chart according Rel. 5.19 

 

 

If 
The UE receive a DOWNLINK DIRECT TRANSFER msg, which contains a 

protocol error causing the variable PROTOCOL_ERROR_REJECT to be set 

to TRUE according to 9, the UE shall perform procedure specific error 

handling: 

Set RRC STATUS msg contents as follow: 

Include the IE "Identification of received message" 

Set the IE "Received Message Type" to DOWNLINK 

DIRECT TRANSFER 

Set the IE "RRC Transaction Identifier" to the value 

of "RRC Transaction Identifier" in the entry for the 

DOWNLINK DIRECT TRANSFER msg in the table 

"Rejected Transactions" in the variable 

TRANSACTIONS 

Clear that entry 

Include the IE "Protocol Error Information" with 

contents set to the value of the variable 

PROTOCOL_ERROR_INFORMATION 

Continue with any ongoing processes and procedures as if the 

DOWNLINK DIRECT TRANSFER msg has not been received 

A 

Transmit an RRC STATUS msg on the UL-DCCH > AM-RLC 
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Uplink Direct Transfer 

8.1.10.2 Initiation of uplink direct transfer procedure (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 Form upper layers 

 
UE receives request from upper layers include NAS msg 

The UE set the IE "NAS Message" as received from upper layers 

and set the IE "CN Domain Identity" as indicated by the upper 

layers 

Transmit UPLINK DIRECT TRANSFER msg on 

UL-DCCH > AM-RLC on SRB3 or SRB4 

If 

If Upper layers indicate "Low Priority" for this message: 

Select SRB4, if available  

Specially for a GSM-MAP based CN, 

SRB4 should, if available, be selected 

when "SAPI 3" is requested. 

Select SRB3 when SRB4 is not available 

Select SRB3 

Specially for a GSM-MAP based CN, SRB3 

should be selected when "SAPI 0" is requested 

Upper layers indicate "High Priority" for this message: 

Note: 

The UTRAN may also initiate the uplink direct transfer 

procedure when another RRC procedure is ongoing, and in 

that case the state of the latter procedure shall be affected 

Perform a cell update procedure, according to 8.3.1, 

using the cause "uplink data transmission" 

Receive confirm from RLC that UPLINK DIRECT TRANSFER msg 

successfully delivered 

END 

Note 2: 

The initiate of the uplink direct transfer 

procedure in CELL_PCH or URA_PCH state 

A 
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Uplink Direct Transfer 

8.1.10.2a RLC re-establishment or Inter-RAT Change (by UE) 
8.1.10.2b Inter-RAT handover from UTRAN to GERAN Iu mode (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

SRBn (n = 3 or 4) was used when transmi�ng the UPLINK DIRECT TRANSFER msg and 

a re-establishment of the transmitting side of the RLC entity on the same SRBn occurs 

before successful delivery of the UPLINK DIRECT TRANSFER msg has been confirmed 

by RLC, the UE shall: 

An Inter-RAT handover from UTRAN procedure occurs before successful delivery of 

the UPLINK DIRECT TRANSFER msg has been confirmed by RLC, for message with the 

IE "CN domain Identity" set to "CS domain", the UE shall: 

An Inter-RAT handover form UTRAN to GERAN Iu mode occurs before the successful 

delivery of the UPLINK DIRECT TRANSFER msg has been confirmed by RLC, for message 

for all CN domains, the UE shall: 

Retransmit the NAS message as specified in 8.3.7.4 

If 

If 

If 

A 
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Uplink Direct Transfer 

8.1.10.3 Reception of UPLINK DIRECT TRANSFER msg (by UTRAN) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

UTRAN receive the UPLINK DIRECT TRANSFER msg 

Extract the NAS message 

Route the NAS message using the value indicated in 

the IE "CN Domain Identity" 

Note: 

When the UTRAN receives an UPLINK DIRECT TRANSFER msg, it 

shall not affect the state of any other ongoing RRC procedures, 

when not stated otherwise elsewhere 
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Radio Bearer Control 

8.2.2.2 Initiation (by UTRAN) 
UTRAN  UE  
The Flow Chart according Rel. 5.19 

To initiate any one of the reconfiguration procedures, UTRAN should: 

Configure new radio links in any new physical channel configuration 

Start transmission and reception on the new radio links 

Transmit a RADIO BEARER SETUP msg on the DL-DCCH > AM-RLC or 

UM-RLC 

If 
Signaling radio bearer RB4 is setup with this procedure & 

signaling radio bearer RB1 -> RB3 were already established 

prior to the procedure: 

If 
The variable "LATEST_CONFIGURED_CN_DOMAIN" 

has been initialized: 

Connect any radio bearers setup by the same 

message as signaling radio bearer RB4 to the CN 

domain indicated in the variable 

"LATEST_CONFIGURED_CN_DOMAIN" 

If 
The reconfiguration procedure is simultaneous with SRNS 

relocation procedure: 

If Ciphering and/or integrity protection are activated: 

Include new ciphering and/or integrity protection 

configuration information to be used after 

reconfiguration 

Use the DL-DCCH > AM-RLC 

C1 
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Radio Bearer Control 

8.2.2.2 Initiation (by UTRAN) 
UTRAN  UE  
The Flow Chart according Rel. 5.19 

C1 

If The IE "Activation Time" is included: 

UTRAN should set it to a value taking the UE 

performance requirement into account 

UTRAN should take the UE capabilities into account 

when setting the new configuration 

If 
The message is used to initiate a transition 

from CELL_DCH to CELL_FACH state: 

The UTRAN may assign a C-RNTI to be 

used in that cell by the UE 
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Radio Bearer Control 

8.2.2.3 Reception of RADIO BEARER SETUP msg by the UE  (by UE) 
@ UE  
The Flow Chart according Rel. 5.19 

 

UE receive RADIO BEARER SETUP msg 

Set the variable 

ORDERED_RECONFIGURATION to 

TRUE 

If 
The UE will enter the CELL_DCH state from any state other 

than CELL_DCH state at the conclusion of this procedure: 

Perform the physical layer synchronization procedure A as 

specified in [29] (FDD only) 

The UE shall, after state transition, in FDD or in TDD when 

“Primary CCPCH Info” is included indicating a new target cell 

and “New C-RNTI” is not specified: 

Remove any C-RNTI from MAC 

Clear the variable C_RNTI 

Act upon all received information elements as 

specified in subclause 8.6, unless specified in 

the following & perform the actions below 

If After state transition the UE leaves 

CELL_FACH state the UE shall: 

Stop timer T305 
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Radio Bearer Control 

8.2.2.4 Transmission of a Response Message, normal case (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

If Receive a RADIO BEARER SETUP msg, the UE shall: 

Transmit a RADIO BEARER SETUP COMPLETE msg as 

response message on the UL-DCCH > AM-RLC 

If Receive a RADIO BEARER RELEASE msg, the UE shall: 

Transmit a RADIO BEARER RELEASE COMPLETE msg 

as response message on the UL-DCCH > AM-RLC 

If 
The new state is CELL_DCH or CELL_FACH, the 

response message shall be transmitted using the 

new configuration after the state transition, and 

the UE shall: 

If 
The IE "Downlink Counter Synchronization Info" 

was included in the reconfiguration message: 

When RLC has confirmed the successful 

transmission of the response message: 

If The variable PDCP_SN_INFO is empty: 

Configure the RLC entity for all AM & 

UM RBs & AM & UM SRBs except RB2 to 

"continue" 

Configure the RLC en�ty for SRBs RB1, 

RB3 & RB4 to "con�nue" 

Configure the RLC entity for UM & AM 

radio bearers for which the IE "PDCP SN 

Info" is not included to "continue" 
C3 C2 C1 
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Radio Bearer Control 

8.2.2.4 Transmission of a Response Message, normal case (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

C3 C2 

C4 

Re-establish all AM & UM RLC en��es with RB iden��es larger than 4 and set the 

first 20 bits of all the HFN component of the respec�ve COUNT-C values to the 

START value included in the response message for the corresponding CN domain 

Re-establish the RLC en��es with RB iden��es 1, 3 & 4 and set the first 20 bits of 

all the HFN component of the respective COUNT-C values to the START value 

included in the response message for the CN domain stored in the variable 

LATEST_CONFIGURED_CN_DOMAIN 

Set the remaining bits of the HFN component of COUNT-C values of all UM RLC 

entities to zero 

If The IE "PDCP Context Relocation Info" is not present: 

Re-initialize the PDCP header compression entities of each 

radio bearer in the variable ESTABLISHED_RABS as specified 

in [36] 

If The IE "PDCP Context Relocation Info" is present: 

Perform the ac�ons as specified in 8.6.4.13 

If The variable PDCP_SN_INFO is empty: 

If 
The received 

reconfiguration 

message contained 

the IE "Ciphering 

Mode Info": 

When RLC has 

confirmed the 

successful 

transmission of the 

response message: 

Notify upper layers 

upon change of the 

security configuration 

Perform the actions 

below 

If 
The received 

reconfiguration 

message did not 

contain the IE 

"Ciphering Mode Info": 

When RLC has been 

requested to transmit 

the response message: 

Perform the actions 

below 
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Radio Bearer Control 

8.2.2.4 Transmission of a Response Message, normal case (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

C4 C1 

If The variable PDCP_SN_INFO is non-empty: If 

When RLC has confirmed the 

successful transmission of the 

response message: 

For each radio bearer in the 

variable PDCP_SN_INFO: 

If 
The IE "RB 

started" in the 

variable 

ESTABLISHED_

RABS is set to 

"started": 

Configure the 

RLC entity for 

that radio 

bearer to 

"continue" 

Perform the actions 

below 

The new state is CELL_PCH or URA_PCH; the response message 

shall be transmitted using the old configuration before the 

state transition: 

If The IE "New C-RNTI" was included in the 

received reconfiguration, the UE shall: 

When RLC has confirmed the successful 

transmission of the response message: 

For each radio bearer in the 

variable PDCP_SN_INFO: 

Configure the RLC entity for 

that radio bearer to 

"continue" 

If 
The IE "RB started" in the 

variable ESTABLISHED_RABS 

is set to "started": 

Enter the new state (CELL_PCH or 

URA_PCH, respectively) 

Perform the actions below 

If 

Set the variable ORDERED_RECONFIGURATION to FALSE 

The received reconfiguration message contained 

the IE "Ciphering Mode Info": 

Resume data transmission on any suspended RB & 

SRB mapped on RLC-AM or RLC-UM 

Set the IE "Reconfiguration" in the variable 

CIPHERING_STATUS to FALSE 

Clear the variable 

RB_UPLINK_CIPHERING_ACTIVATION_TIME_INFO 
C5 
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Radio Bearer Control 

8.2.2.4 Transmission of a Response Message, normal case (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

If 

C5 

The received reconfiguration message contained the IE "Integrity Protection Mode Info": 

Allow the transmission of RRC message on all SRBs with any RRC SN 

Set "Uplink RRC Message Sequence Number" for signaling radio bearer RB0 in the 

variable INTEGRITY_PROTECTION_INFO to a value such that next RRC message to be sent 

on uplink RB0 will use the new integrity protec�on configura�on 

Set the IE "Reconfiguration" in the variable INTEGRITY_PROTECTION_INFO to FALSE 

Clear the variable INTEGRITY_PROTECTION_ACTIVATION_INFO 

Clear the variable PDCP_SN_INFO 

Clear the variable START_VALUE_TO_TRANSMIT 

Clear the variable SECURITY_MODIFICATION 
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Radio Bearer Control 

8.2.2.5 Reception of a Response Message, normal case (by UTRAN) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

 

UTRAN received RADIO BEARER SETUP COMPLETE msg: 

UTRAN received RADIO BEARER RELEASE COMPLETE msg: 

If 

If 

UTRAN may, delete the old configuration 

If The procedure caused the UE to leave the CELL_FACH state, UTRAN may: 

Delete the C-RNTI of the UE 

If The IE "UL Timing Advance" is included in TDD, UTRAN should: 

Evaluate the timing advance value that the UE 

has to use in the new cell after handover 

If 
UTRAN has ordered a ciphering reconfiguration by including the IE "Ciphering 

Mode Info", UTRAN should: 

If The IE "START" or the IE "START List" is included, UTRAN should: 

Set the START value for each CN domain with the corresponding 

values as received in this response message 

Use the START value to initialize the HFNs in the same way as 

specified for the UE in 8.2.2.3, for any new radio bearers that are 

established 

For Radio bearers using RLC-AM or RLC-UM: 

C1 C2 
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Radio Bearer Control 

8.2.2.5 Reception of a Response Message, normal case (by UTRAN) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

C1 C2 

Use the old ciphering configuration for received RLC PDUs with RLC SN 

less than the RLC SN indicated in the IE "Radio Bearer Uplink Ciphering 

Activation Time Info" sent by the UE 

Use the new ciphering configuration for received RLC PDUs with RLC SN 

greater than or equal to the RLC SN indicated in the IE "Radio Bearer 

Uplink Ciphering Activation Time Info" sent by the UE 

If 
An RLC reset or re-establishment of the receiving side of an RLC entity occurs 

after this response message has been received by UTRAN before the uplink 

activation time for the new ciphering configuration has been reached: 

Ignore the activation time and apply the new ciphering configuration in uplink 

immediately after the RLC reset or re-establishment 

If 
An RLC reset or re-establishment of the transmitting side of an RLC entity occurs 

after this response message has been received by UTRAN before the downlink 

activation time for the new ciphering configuration has been reached: 

Ignore the activation time & apply the new ciphering configuration in downlink 

immediately after the RLC reset or RLC re-establishment 

For Radio bearers using RLC-TM: 

If 
The IE "Ciphering Activation Time DPCH" in the IE "Ciphering Mode Info" 

included in the message that triggered the radio bearer control procedure: 

If 
The IE "COUNT-C Activation Time" included in the response message for 

this procedure: 

Begin incrementing the COUNT-C at the CFN 

END in 

UTRAN side 
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Radio Bearer Control 

8.2.2.6 Unsupported Configuration in the UE 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

 

If 

If 

The UTRAN instructs the UE to use a configuration, which it does not support: 

The received message causes the variable UNSUPPORTED_CONFIGURATION 

to be set to TRUE, the UE shall: 

Set the information element of the failure response message as specified 

below: 

Transmit a failure response message as specified in 8.2.2.9 

Include the IE "RRC Transaction Identifier" 

Set it to the value of "RRC Transaction Identifier" in the entry for the 

received message in the table "Accepted Transactions" in the variable 

TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to "Configuration Unsupported" 

Set the variable UNSUPPORTED_CONFIGURATION to FALSE 

Continue with any ongoing processes and procedures as if the 

reconfiguration message was not received 

END 
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Radio Bearer Control 

8.2.2.7 Physical Channel Failure (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

 

 

If 
The received message caused the UE to be in CELL_DCH state and the UE according to 8.5.4 failed 

to establish the dedicated physical channel(s) indicated in the received message, the UE shall: 

For TDD or for FDD if the CM_PATTERN_ACTIVATION_ABORTED flag is not set to TRUE 

Revert to the configuration prior to the reception of the message (old 

configuration), including any HS_DSCH configuration if existing 

For FDD, if the UE was in CELL_DCH state prior to the reconfiguration: 

Perform the physical layer synchronization procedure A as specified in [29] 

After the establishment of the uplink physical channel, send DPCCH and 

no DPDCH according to [26] during the number of frames indicated in the 

IE "PC preamble" in the variable 

LATEST_CONFIGURED_SRB_DELAY_AND_PC_PREAMBLE 

Then not send any data on SRBs RB0 to RB4 during the number of frames 

indicated in the IE "SRB delay" in the variable 

LATEST_CONFIGURED_SRB_DELAY_AND_PC_PREAMBLE 

If 
The old configuration includes dedicated physical channels (CELL_DCH 

state) and the UE is unable to revert to the old configuration: 

If 
For FDD, the CM_PATTERN_ACTIVATION_ABORTED flag is set to 

TRUE: 

C1 C2 
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Radio Bearer Control 

8.2.2.7 Physical Channel Failure (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

C2 
C1 

Initiate a cell update procedure according to 8.3.1, using the cause 

"radio link failure" 

After the cell update procedure has completed successfully, 

proceed as below 

If 
The old configuration does not include dedicated physical 

channels (CELL_FACH state): 

Select a suitable UTRA cell according to [4] 

If 
The UE selects another cell than the cell the UE camped 

on upon reception of the reconfiguration message: 

Ini�ate a cell update procedure according to 8.3.1, 

using the cause "cell reselection" 

After the cell update procedure has completed 

successfully, proceed as below 

Set the information elements of the failure response message 

as specified below: 

Include the IE "RRC Transaction Identifier" 

Set it to the value of "RRC transaction identifier" in the entry 

for the received message in the table "Accepted transactions" 

in the variable TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to "Physical Channel Failure" 

Transmit a failure response message as specified in 8.2.2.9 

Set the variable ORDERED_RECONFIGURATION to FALSE 

Continue with any ongoing processes and procedures as if the 

reconfiguration message was not received 

END 

C3 

C3 
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Radio Bearer Control 

8.2.2.8 Cell Re-selection (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

If 
The UE performs cell re-selection during the reconfiguration procedure, 

the UE shall: 

Ini�ate a cell update procedure, as specified in 8.3.1 

Continue with the reconfiguration procedure 

Note: 

After the completion of the cell update procedure & completion 

of the reconfiguration procedure within the UE, the UE will move 

to the RRC state as indicated in the reconfiguration message. 
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Radio Bearer Control 

8.2.2.9 Transmission of a Response Message, Failure Case (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

If The received message is RADIO BEARER SETUP msg: 

If The radio bearer establishment procedure affects several radio bearers: 

(May) include the identities of the radio bearers for which the 

procedure would have been successful into the RADIO BEARER SETUP 

FAILURE msg 

Transmit a RADIO BEARER SETUP FAILURE as response 

on the UL-DCCH > RLC-AM 

If The received message is RADIO BEARER RELEASE msg: 

If The radio bearer release procedure affects several radio bearers: 

(May) include the identities of the radio bearers for which the 

procedure would have been successful into the RADIO BEARER 

RELEASE FAILURE msg 

Transmit a RADIO BEARER RELEASE FAILURE as 

response on the UL-DCCH > RLC-AM 

When the response message has been submitted to lower layers for 

transmission continue with any ongoing process and procedures as if 

no reconfiguration attempt had occurred 
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Radio Bearer Control 

8.2.2.10 Reception of a Response Message, Failure Case (by UTRAN) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

If 

If 

UTRAN received the RADIO BEARER SETUP FAILURE msg: 

UTRAN received the RADIO BEARER RELEASE FAILURE msg: 

The UTRAN may restore the old & delete the new configuration 

Upper layers should be notified of the failure 

END on 

UTRAN side 
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Radio Bearer Control 

8.2.2.11 Invalid Configuration (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

If 

 

The variable INVALID_CONFIGURATION is set to TRUE, the UE shall: 

Keep the configuration exists before the reception of the message 

Set the information elements of the failure response message as 

specified below: 

Include the IE "RRC Transaction Identifier" 

Set it to the value of "RRC transaction identifier" in the entry for 

the received message in the table "Accepted transactions" in the 

variable TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to "Invalid Configuration" 

Set the variable INVALID_CONFIGURATION to FALSE 

Continue with any ongoing processed & procedures as if the 

reconfiguration message was not received 

END 

Transmit a failure response message as specified in 8.2.2.9 
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Radio Bearer Control 

8.2.2.12 Incompatible Simultaneous Reconfiguration (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

If 

 

The table "Rejected transactions" in the variable TRANSACTIONS is set due to the received 

message and the variable PROTOCOL_ERROR_REJECT is set to FALSE, the UE shall: 

Not apply the configuration contained in the received reconfiguration message 

Set the information elements of the failure response message as specified below: 

Transmit a failure response message as specified in 8.2.2.9 

Include the IE "RRC transaction identifier" 

Set it to the value of "RRC transaction identifier" in the entry for the 

received message in the table "Rejected transactions" in the variable 

TRANSACTIONS 

Clear that entry 

Continue with any ongoing processed & procedures as if the reconfiguration message was 

not received 

END 
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Radio Bearer Control 

8.2.2.12a Incompatible Simultaneous Security Reconfiguration (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

END 

Continue with any ongoing processed & procedures as if the reconfiguration message was 

not received 

Clear that entry 

Set it to the value of "RRC transaction identifier" in the entry for the 

received message in the table "Accepted transactions" in the variable 

TRANSACTIONS 

Include the IE "RRC transaction identifier" 

Set the information elements of the failure response message as specified below: 

Transmit a failure response message as specified in 8.2.2.9 

If 

 

The variable INCOMPATIBLE_SECURITY_RECONFIGURATION is set to TRUE due to the 

received reconfiguration message, the UE shall: 

Set the IE "Failure Cause" to the cause value "incompatible 

simultaneous reconfiguration" 

Set the variable INCOMPATIBLE_SECURITY_RECONFIGURATION is set to FALSE 
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Radio Bearer Control 

8.2.2.12b Cell Update Procedure during Security Reconfiguration (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

If 

 

A cell update procedure according to 8.3.1 ini�ated 

The received reconfiguration message causes either: 

The IE "Reconfiguration" in the variable CIPHERING_STATUS 

to be set to TRUE 

The IE "Reconfiguration" in the variable 

INTEGRITY_PROTECTION_STATUS to be set to TRUE 

AND 

If 

Release all radio resources 

Indicate the release of the established signaling connections (as stored in the variable 

ESTABLISHED_SIGNALING_CONNECTIONS) and established radio access bearers (as 

stored in the variable ESTABLISHED_RABS) to upper layers 

Clear any entry for the RRC CONNECTION RELEASE msg in the tables "Accepted 

transactions" and "Rejected transactions" in the variable TRANSACTIONS 

Clear the variable ESTABLISHED_SIGNALING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

If The received reconfiguration message contained the IE "Ciphering Mode Info": 

Set the IE "Reconfiguration" in the variable CIPHERING_STATUS to FALSE 

C1 C2 
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Radio Bearer Control 

8.2.2.12b Cell Update Procedure during Security Reconfiguration (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

C1 
C2 

Clear the variable 

RB_UPLINK_CIPHERING_ACTIVATION_TIME_INFO 

Clear the variable SECURITY_MODIFICATION 

If 
The received reconfiguration message contained 

the IE "Integrity Protection Mode Info": 

Set the IE "Reconfiguration" in the variable 

INTEGRITY_PROTECTION_INFO to FALSE 

Clear the variable 

INTEGRITY_PROTECTION_ACTIVATION_INFO 

Enter idle mode 

Perform the ac�on specified in 8.5.2 when 

entering idle mode 

END 

Note: 

UTRAN should use RB control messages to perform SRNS 

relocation only in case of state transitions from CELL_DCH to 

CELL_DCH 
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Radio Bearer Control 

8.2.2.13 Invalid Received Message (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

If 

 

The received reconfiguration message contains a protocol error causing the variable 

PROTOCOL_ERROR_REJECT to be set to TRUE according to 9; the UE shall perform 

procedure specific error handling as follow. The UE shall: 

Set the information elements of the failure response message as specified below: 

Include the IE "RRC transaction identifier" 

Set it to the value of "RRC transaction identifier" in the entry for the 

received message in the table "Rejected transactions" in the variable 

TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to the cause value "protocol error" 

Include the IE "Protocol Error Information" with contents set to the 

value of the variable PROTOCOL_ERROR_INFORMATION 

Transmit a failure response message as specified in 8.2.2.9 

END 
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If 

 

If 

The criteria for radio link failure are met in the old configuration during 

the reconfigura�on procedure as specified in 8.5.6, the UE shall: 

UE would have entered CELL_PCH or URA_PCH as a result of this reconfiguration 

procedure and UE have already submitted a response message to lower layers: 

Act as if the reconfiguration message was not received even if a success 

response message had been received 

Initiate a cell update procedure according to 8.3.1, using the cause "radio link 

failure" 

END 

If 
The UE would have remained in CELL_DCH state as a result of this reconfiguration 

procedure: 

Ini�ate a cell update procedure according to 8.3.1, using the cause "radio link 

failure" 

After the cell update procedure has completed successfully, transmit a failure 

response message as specified in 8.2.2.9, se�ng the information elements as 

specified below: 

Include the IE "RRC transaction identifier" 

Set it to the value of "RRC transaction identifier" in the 

entry for received message in the table "Accepted 

transactions" in the variable TRANSACTIONS 

Clear that entry 

C2 C1 
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C2 C1 

Set the IE "Failure Cause" to "physical channel failure" 

Act as if the reconfiguration message was not received 

END 

If 
The criteria for radio link failure are met in the new configuration during the 

reconfiguration procedure (i.e. while UE is waiting for RLC acknowledgement 

for a response message) as specified in 8.5.6, the UE shall: 

If The received reconfiguration cause either: 

The IE "Reconfiguration" in the variable CIPHERING_STATUS 

to be set to TRUE: 

The IE "Reconfiguration" in the variable 

INTEGRITY_PROTECTION_INFO to be set to TRUE: 

Perform the ac�ons specified in 8.2.2.12b 

Release all its radio resources 

Indicate the release of the established signaling connections (as stored in the variable 

ESTABLISHED_SIGNALING_CONNECTIONS) and established radio access bearers (as 

stored in the variable ESTABLISHED_RABS) to upper layers 

Clear any entry for the RRC CONNECTION RELEASE msg in the tables "Accepted 

transactions" and "Rejected transactions" in the variable TRANSACTIONS 

C3 
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C3 

END 

Clear the variable ESTABLISHED_SIGNALING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

Enter idle mode 

Perform the ac�on specified in 8.5.2 when entering idle mode 

Note: 

UTRAN should consider the reconfiguration procedure as 

unsuccessful in this case even if a success response message 

had been received 
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 - Suspend all RBs using RLC-AM or RLC-UM 

- Suspend all SRBs using RLC-AM or RLC-UM 

[Except the SRB used to send the SECURITY MODE COMMAND msg 

on DL-DCCH > AM-RLC, and except SRB0] 

Not transmit RLC PDUs with sequence number greater than or equal to the 

number in IE "Radio Bearer Downlink Ciphering Activation Time Info" on all 

suspended RBs and all suspended SRBs 

Extract the "RLC sequence number" of the SRB used to send the SECURITY 

MODE COMMAND, from IE "Radio Bearer Ciphering Activation Time Info" 

Set the extracted RLC-SN in the IE "Ciphering Mode Info" [at 

which time the new ciphering configuration shall be applied] 

If A transparent mode RB for this CN domain exists: 

Include the IE "Ciphering Activation Time for DPCH" in IE 

"Ciphering Node Info", [at which time the new ciphering 

configuration shall be applied & specify a CFN value for this 

IE that is a mul�ple of 8 frames (CFN mod 8 =0)] 

Consider a ciphering activation time in downlink to be pending 

until the RLC-SN of the next RLC PDU to be transmitted for the 

first time is equal to or larger than the selected activation time 

Set, for each suspend RBs & SRBs that has no pending 

ciphering activation time set by a previous security mode 

control procedure, an "RLC Sequence Number" in IE "Radio 

Bearer Downlink Ciphering Activation Time Info" in the IE 

"Ciphering Mode Info", at which time the new ciphering 

configuration shall be applied 

C1 

Note 1: 

The UTRAN should avoid the situation that the UE is 

aware of more than one pending downlink ciphering 

ac�va�on �mes for SRB2. In such a case the UE 

behavior is unspecified. 

Note 2: 

UTRAN should chose the value for the IE "Ciphering 

Activation Time for DPCH" such that the new ciphering 

configuration will occur after all the pending ciphering 

activation times have been reached for the transparent 

mode RB of this CN domain. 



  -202- 

Security Mode Control 

8.1.12.2.1 Initiation (Ciphering Configuration Change) (by UTRAN) 
UTRAN  UE 
The Flow Chart according Rel. 5.19 

 

 C1 

Set, for each suspended RB & SRB that has a pending ciphering activation time 

set by a previous security mode control procedure, the "RLC Sequence Number" 

in IE "Radio Bearer Downlink Ciphering Activation Time Info" in the IE "Ciphering 

Mode Info" to the value used in the previous security mode control procedure, at 

which time the latest ciphering configuration shall be applied 

If Integrity protection has already been started for the UE: 

If 
For the CN domain indicated in the IE "CN Domain Identity" in the 

SECURITY MODE COMMAND, a new security key set (new ciphering & 

integrity protection keys) has been received from upper layers since 

the transmission of the last SECURITY MODE COMMAND msg for that 

CN domain: 

Include the IE "Integrity Protection Mode Info" in the 

SECURITY MODE COMMAND 

If 
The IE "CN Domain Identity" in the SECURITY MODE COMMAND 

is different from the IE "CN Domain Identity" that was sent in the 

previous SECURITY MODE COMMAND msg to the UE: 

Transmit the SECURITY MODE COMMAND msg on RB2 

on DL-DCCH > AM-RLC 

A 
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If Configuring new integrity protection, UTRAN should: 

A 

Ensure that UE needs to store at most three different integrity protection 

configurations (key sets) at any given time. This includes the total number 

of the integrity protection configurations for all SRBs 

If 
Ciphering has already been started for the UE for the CN domain to be 

set in the IE "CN Domain Identity" in SECURITY MODE COMMAND: 

If 
For the CN domain indicated in the IE "CN Domain Identity" in the SECURITY 

MODE COMMAND, a new security key set (new ciphering & integrity protection 

keys) has been received from upper layers since the transmission of the last 

SECURITY MODE COMMAND msg for that CN domain: 

Include the IE "Ciphering Mode Info" in the SECURITY MODE COMMAND 

If 
Ciphering has already been configured for the UE for a CN domain different from 

the CN domain to be set in the IE "CN Domain Identity" in the SECURITY MODE 

COMMAND: 

Prior to sending the SECURITY MODE COMMAND msg, for the CN domain indicated 

in the IE "CN Domain Identity" in the SECURITY MODE COMMAND, UTRAN should: 

If This is the first SECURITY MODE COMMAND msg sent for this RRC connection: 

C1 C3 
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 C1 

If New keys have been received: 

Initialize the Hyper Frame Number (HFN) as follow: 

Set all bits of the HFN of the COUNT-I values for all SRBs to zero 

If New keys have not been received: 

Use the value "START" in the most recently received IE "START List" or IE "START" 

that belongs to the CN domain indicated in the IE "CN Domain Identity" to initialize 

all HFNs of COUNT-I for all the SRBs by: 

Se�ng the 20 MSB of the HFNs for all SRBs to the value "START" in the most 

recently received IE "START List" or IE "START" for that CN domain 

Setting the remaining bits of the HFN equal to zero 

If This is not the first SECURITY MODE COMMAND sent for this RRC connection: 

If New keys have been received: 

Initialize the HFN for COUNT-I for RB2 as follow: 

Set all bits of the HFN of the COUNT-I value for all SRB2 to zero C2 

C3 

C4 

C4 

C4 
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  C2 

If New keys have not been received: 

Initialize the HFN for COUNT-I for RB2 as follow: 

Set the 20 MSB of the HFN of the DL & UL COUNT-I to the value of the most 

recently received IE "START" or IE "START List" for CN domain to be set in the 

IE "CN Domain Identity"  

Setting the remaining bits of the HFN of the DL & UL 

COUNT-I to zero 

C4 

If The IE "Integrity Protection Mode Command" has the value "Start": 

Prohibit the transmission of signaling messages with any RRC SN on 

all SRBs, except RB2 

Set the FRESH value in the IE "Integrity Protection Initialization 

Number", included in the IE "Integrity Protection Mode Info" 

If The IE "Integrity Protection Mode Command" has the value "Modify": 

For each SRBn, except RB2: Prohibit the transmission of signaling messages with RRC SN greater or 

equal to the RRC SN in entry for SRBn in the "RRC message sequence 

number list" in the IE "Downlink Integrity Protection Activation Info", 

included in IE "Integrity Protection Mode Info" 

Consider an integrity protection activation time in downlink to be 

pending until the selected activation time is equal to the next RRC SN 

to be used, which means that the last RRC message using old integrity 

protection configuration has been submitted to lower layers 

C5 C6 

C5 

C4 
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C5 C6 

Set, for each SRBn, that has no pending integrity protection activation time set by a previous security 

mode control procedure, an RRC SN in entry for SRBn in the "RRC message sequence number list" in the 

IE "Downlink Integrity Protection Activation Info", included in the IE "Integrity Protection Mode Info", at 

which time the new integrity protection configuration shall be applied 

Set, for each SRBn, that has a pending integrity protection activation time set by a previous security 

mode control procedure, the RRC SN in entry for SRBn in the "RRC message sequence number list" in the 

IE "Downlink Integrity Protection Activation Info", included in the IE "Integrity Protection Mode Info", to 

the value used in the previous security mode control procedure, at which time the latest integrity 

protection configuration shall be applied 

Transmit the SECURITY MODE COMMAND msg on RB2 

using the new integrity protection configuration 
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 UE receives SECURITY MODE COMMAND msg 

If 
Neither IE "Ciphering Mode Info" nor IE "Integrity Protection Mode Info" 

is included in the SECURITY MODE COMMAND msg: 

Set the variable INVALID_CONFIGURATION to TRUE 

If 
The IE "Security Capability" is the same as indicated by variable 

UE_CAPABILITY_TRANSFERED and the IE "GSM Security Capability" [if 

included in the SECURITY MODE COMMAND] is the same as indicated 

by the variable UE_CAPABILITY_TRANSFERED: 

Set the variable LATEST_CONFIGURED_CN_DOMAIN equal to the IE "CN 

Domain Identity" 

Set the IE "Status" in the variable SECURITY_MODIFICATION for the CN 

domain indicated in the IE "CN Domain Identity" in the received 

SECURITY MODE COMMAND msg to the value "Affected" 

Set the IE "Status" in the variable SECURITY_MODIFICATION for all CN 

domain other than the CN domain indicated in the IE "CN Domain 

Identity" to "Not affected" 

Set the IE "RRC Transaction Identifier" in the SECURITY MODE 

COMPLETE msg to the value of "RRC Transaction Identifier" in the entry 

for the SECURITY MODE COMMAND msg in the table "Accepted 

Transactions" in the variable TRANSACTIONS 

Clear that entry 

If The SECURITY MODE COMMAND msg contained the IE "Ciphering Mode Info": 

Perform the ac�ons as specified in 8.6.3.4 

C1 C2 
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 C1 C2 

If The SECURITY MODE COMMAND msg contained the IE "Integrity Protection Mode Info": 

Perform the ac�ons as specified in 8.6.3.5 

If 

The IE "Security Capability" is not the same as indicated by the variable UE_CAPABILITY_TRANSFERED or the 

IE "GSM Security Capability" [if included in the SECURITY MODE COMMAND] is not the same as indicated by 

the variable UE_CAPABILITY_TRANSFERED or if the IE "GSM Security Capability" is not included in the 

SECURITY MODE COMMAND and is included in the variable UE_CAPABILITY_TRANSFERED: 

Release all its radio resources 

Indicated the release of the established signaling connections [as stored in the variable 

ESTABLISHED_SIGNALING_CONNECTIONS] and established radio access bearers [as 

stored in the variable ESTABLISHED_RABS] to upper layers 

Clear the variable 

ESTABLISHED_SIGNALING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

Clear the variable SECURITY_MODIFICATION 

Enter Idle Mode 

Perform the actions when entering Idle mode as 

specified in 8.5.2 

END 
C3 
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C3 

Prior to sending the SECURITY MODE COMPLETE msg: 

Use the old ciphering configuration for this message 

If The SECURITY MODE COMMAND msg contained the IE "Ciphering Mode Info": 

Include and set the IE "Radio Bearer Uplink Ciphering Activation Time Info" to 

the value of the variable RB_UPLINK_CIPHERING_ACTIVATION_TIME_INFO 

For each RB & SRB that belongs to the CN domain as indicated in the variable 

LATEST_CONFIGURED_CN_DOMAIN:  

Start or continue incrementing the COUNT-C values for all RLC-AM &RLC-

UM SRBs at the ciphering activation time as specified in the procedure 

Start or continue incrementing the COUNT-C values common for all TM 

RBs for this CN domain at this ciphering activation time as specified in the 

procedure 

Continue incrementing the COUNT-C values for all RLC-AM & RLC-UM RBs 

If 

No new security key set [new ciphering & integrity 

protection keys] has been received from upper layers 

[40] for the CN domain as indicated in the variable 

LATEST_CONFIGURED_CN_DOMAIN: 

C5 C4 C6 
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 C4 C5 C6 

For ciphering on SRBs using RLC-AM & RLC-UM in the DL, at the 

RLC sequence number indicated in IE "Radio Bearer Downlink 

Ciphering Activation Time Info" in the IE "Ciphering Mode Info" 

included in the SECURITY MODE COMMAND, for each SRB: 

Set the 20 MSB of the HFN component of the DL 

COUNT-C to the value "START" in the most recently 

transmitted IE "START List" or IE "START", at the 

reception of the SECURITY MODE COMMAND, that 

belongs to the CN domain as indicated in the 

variable LATEST_CONFIGURED_CN_DOMAIN 

Set the remain bits of the HFN to zero 

If New keys have been received: 

Perform ac�ons in 8.1.12.3.1 

If The SECURITY MODE COMMAND msg contained the IE "Integrity Protection Mode Info": 

Include & set IE "Uplink Integrity Protection Activation Info" to the value of the variable 

INTEGRITY_PROTECTION_ACTIVATION_INFO for each SRB 

If 

No new security key set (new ciphering & integrity protection key) 

has been received from upper layers [40] for the CN domain as 

indicated in the variable LATEST_CONFIGURED_CN_DOMAIN, for 

RB2: 

C9 C8 C7 

In the downlink, for the received SECURITY MODE COMMAND msg: 

Set the 20 MSB of the IE "Downlink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the downlink COUNT-I to the value 

"START" in the most recently transmitted IE "START" or IE "START List", at 

the reception of the SECURITY MODE COMMAND that belongs to the CN 

domain as indicated in the variable LATEST_CONFIGURED_CN_DOMAIN 

B 
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C8 C9 

Set the remaining bits of the IE "Downlink RRC HFN" to zero 

In the uplink, for the transmitted response SECURITY MODE COMPLETE msg: 

Set the 20 MSB of the IE "Uplink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the uplink COUNT-I to the value "START" 

in the most recently transmitted IE "START" or IE "START List", at the 

reception of the SECURITY MODE COMMAND that belongs to the CN 

domain as indicated in the variable LATEST_CONFIGURED_CN_DOMAIN 

Set the remaining bits of the IE "Uplink RRC HFN" to zero 

No new security key set (new ciphering & integrity protection key) 

has been received from upper layers [40] for the CN domain 

indicated in the variable LATEST_CONFIGURED_CN_DOMAIN, for 

each SRB other than RB2: 

If 

The IE "Integrity Protection Mode Command" 

has the value "Start": 
If 

In the downlink, for this SRB: 

C10 

Set the 20 MSB of the IE "Downlink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the DL COUNT-I to the value START 

transmitted in the most recently transmitted IE "START" or IE "START List", 

at the reception of the SECURITY MODE COMMAND that belongs to the CN 

domain as indicated in the variable LATEST_CONFIGURED_CN_DOMAIN 

Set the remaining bits of the IE "Downlink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the downlink COUNT-I to zero 

C11 
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C7 

C10 

If New keys have been received: 

Start applying the new integrity protection configuration in the uplink 

for signaling radio bearer RB2 from and including the transmi�ed 

SECURITY MODE COMPLETE msg 

Transmit the SECURITY MODE COMPLETE msg on the UL-DCCH > AM-

RLC 

Successful delivery of the SECURITY MODE COMPLETE msg has been 

confirmed by RLC 

If 

No new security key set [new ciphering & integrity 

protection keys] has been received from upper layers 

[40] for the CN domain as indicated in the variable 

LATEST_CONFIGURED_CN_DOMAIN: 

For ciphering on SRBs using RLC-AM & RLC-UM in the 

UL, at the RLC sequence number indicated in IE "Radio 

Bearer Uplink Ciphering Activation Time Info" included 

in the SECURITY MODE COMMAND, for each SRB: 

Set the 20 MSB of the HFN component of the UL 

COUNT-C to the value "START" in the most recently 

transmitted IE "START List" or IE "START", at the 

reception of the SECURITY MODE COMMAND, that 

belongs to the CN domain as indicated in the 

variable LATEST_CONFIGURED_CN_DOMAIN 

Set the remain bits of the HFN to zero 

The SECURITY MODE COMMAND msg contained the IE "Ciphering Mode Info": 

If 

C13 C12 

In the downlink, for the first message for which the RRC SN in a received RRC 

message for this SRB is equal to or greater than the activation time as indicated 

in IE "Downlink Integrity Protection Activation Info" as included in the IE 

"Integrity Protection Mode Info", for this SRB: 

B 

C11 

Perform ac�ons in 8.1.12.3.1 
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If New keys have been received: 

Perform ac�ons in 8.1.12.3.1 

C12 C13 

Resume data transmission on any suspended RB & SRB mapped 

on RLC-AM or RLC-UM 

Set the IE "Reconfiguration" in the variable 

CIPHERING_STATUS to FALSE 

Clear the variable 

RB_UPLINK_CIPHERING_ACTIVATION_TIME_INFO 

If The SECURITY MODE COMMAND msg contained the IE "Integrity Protection Mode Info": 

If 
No new security key set (new ciphering & integrity protection 

key) has been received from upper layers [40] for the CN domain 

indicated in the variable LATEST_CONFIGURED_CN_DOMAIN, 

for each SRB other than RB2: 

If The IE "Integrity Protection Mode Command" 

has the value "Start": 

In the uplink, for this SRB: 

Set the 20 MSB of the IE "Uplink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the uplink COUNT-I to the value START 

transmitted in the most recently transmitted IE "START" or IE "START List", 

at the reception of the SECURITY MODE COMMAND that belongs to the CN 

domain as indicated in the variable LATEST_CONFIGURED_CN_DOMAIN 

Set the remaining bits of the IE "Uplink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the downlink COUNT-I to zero 

C14 C15 C16 
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C15 C16 

In the uplink, for the first transmitted RRC message for this 

SRB with RRC SN equal to the activation time as indicated in 

IE "Uplink Integrity Protection Activation Info" included in 

the transmitted SECURITY MODE COMPLETE msg, for this 

SRB: 

Set the 20 MSB of the IE "Uplink RRC HFN" in the variable 

INTEGRITY_PROTECTION_INFO of the uplink COUNT-I to the value "START" 

in the most recently transmitted IE "START List" or IE "START", at the 

reception of the SECURITY MODE COMMAND that belongs to the CN 

domain as indicated in the variable LATEST_CONFIGURED_CN_DOMAIN 

Set the remaining bits of the IE "Uplink RRC HFN" to zero 

If New keys have been received: 

Perform ac�ons in 8.1.12.3.1 

Allow the transmission of RRC messages on all 

SRBs with any RRC SN 

Set "Uplink RRC Message Sequence Number" for 

signaling radio bearer RB0 in the variable 

INTEGRITY_PROTECTION_INFO to a value such 

that next RRC message to be sent on uplink RB0 

will use the new integrity protection configuration 

Set the IE "Reconfiguration" in the variable 

INTEGRITY_PROTECTION_INFO to FALSE 

Clear the variable 

INTEGRITY_PROTECTION_ACTIVATION_INFO 

C14 

Clear the variable SECURITY_MODIFICATION 

Notify upper layers upon change of the 

security configuration 

END 

C14 
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Set the START value for the CN domain indicated in the 

variable LATEST_CONFIGURED_CN_DOMAIN to zero 

If The SECURITY MODE COMMAND msg contained the IE "Integrity Protection Mode Info": 

For Integrity protec�on in the downlink on each SRB except RB2: 

If IE "Integrity Protection Mode Command" has the value start: 

For The first received message on this SRB: 

Start using the new integrity key 

For This SRB: 

Set the IE "Downlink RRC HFN" in the 

variable INTEGRITY_PROTECTION_INFO 

of the downlink COUNT-I to zero 

For the first message for which the RRC SN in a received RRC message for this SRB 

is equal to or greater than the activation time as indicated in IE "Downlink Integrity 

Protection Activation Info" as included in the IE "Integrity Protection Mode Info": 

For Integrity protec�on in the uplink on each SRB except RB2: 

For 
The first message for which the RRC SN in a to be transmitted RRC message for this 

SRB is equal to the activation time as indicated in IE "Uplink Integrity Protection 

Activation Info" included in the transmitted SECURITY MODE COMPLETE msg: 

C1 C2 C3 

Note: 

This action is to be performed only if the new keys were 

received from an ongoing RRC connection while in UTRA.  
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 C1 C2 C3 

Start using the new integrity key 

For This SRB: 

Set the IE "Uplink RRC HFN" in the 

variable INTEGRITY_PROTECTION_INFO 

of the uplink COUNT-I to zero 

Integrity protection in the downlink on SRB RB2: For 

At the received SECURITY MODE COMMAND msg: 

Start using the new integrity key 

Set the IE "Downlink RRC HFN" in the 

variable INTEGRITY_PROTECTION_INFO 

of the downlink COUNT-I to zero 

For Integrity protec�on in the uplink on SRB RB2: 

At the received SECURITY MODE COMPLETE msg: 

Start using the new integrity key 

Set the IE "Uplink RRC HFN" in the 

variable INTEGRITY_PROTECTION_INFO 

of the uplink COUNT-I to zero 

If The SECURITY MODE COMMAND msg contained the IE "Ciphering Mode Info": 

For each SRB & for each RB for the CN domain indicated 

in the variable LATEST_CONFIGURED_CN_DOMAIN: 

C4 C5 
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C4 C5 

If 
The IE "Status" in the variable CIPHERING_STATUS has 

the value "Started" for this CN domain, then for ciphering 

on RBs using RLC-TM: 

At the HFN as indicated in the IE "Ciphering Activation 

Time for DPCH" in the IE "Ciphering Mode Info": 

Start using the new key in UL & DL 

Set the HFN component of the COUNT-C 

to zero 

If 
The IE "Status" in the variable CIPHERING_STATUS has 

the value "Started" for this CN domain, then for ciphering 

on RBs & SRBs using RLC-AM & RLC-UM: 

In the downlink, at the RLC SN indicated in IE "Radio 

Bearer Downlink Ciphering Activation Time Info" in the 

IE "Ciphering Mode Info": 

Start using the new key  

Set the HFN component of the downlink 

COUNT-C to zero 

In the uplink, at the RLC SN indicated in IE "Radio Bearer 

Uplink Ciphering Activation Time Info": 

Start using the new key  

Set the HFN component of the uplink 

COUNT-C to zero 

Consider the value of the latest transmitted 

START value to be zero 
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If 
The variable INCOMPATIBLE_SECURUITY_RECONFIGURATION becomes set 

to TRUE of the received SECURITY MODE COMMAND msg, the UE shall: 

Set the IE "RRC Transaction Identifier" in the SECURITY MODE FAILURE msg 

to the value of "RRC transaction identifier" in the entry for the SECURITY 

MODE COMMAND msg in the table "Accepted transactions" in the variable 

TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to the cause value "Incompatible simultaneous 

reconfiguration" 

When the response message has been submitted to lower layers for 

transmission: 

Set the variable INCOMPATIBLE_SECURITY_RECONFIGURATION to FALSE 

Only accept a message on SRB2, with a COUNT-I that: 

Is higher than the COUNT-I used prior to receiving the SECURITY MODE COMMAND 

msg incremented by one 

Does not take into account the HFN from the received SECURITY MODE COMMAND 

msg 

Continue with any ongoing processes and procedures as if the invalid 

SECURITY MODE COMMAND msg has not been received 

END 

Transmit a SECURITY MODE FAILURE msg on UL – DCCH > AM-RLC, using 

the ciphering & integrity protection configuration prior to reception of this 

SECURITY MODE COMMAND 
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8.1.12.4b Cell Update Procedure during Security Reconfiguration (by UE) 
UE  UTRAN 
The Flow Chart according Rel. 5.19 

If A cell update procedure according to 8.3.1 is ini�ated: 

The received SECURITY MODE COMMAND msg cause 

either; 

The IE "Reconfiguration" in the variable 

CIPHERING_STATUS to be set to TRUE: 

The IE "Reconfiguration" in the variable 

INTEGRITY_PROTECTION_INFO to be 

set to TRUE: 

Abort the ongoing integrity AND/OR ciphering reconfiguration 

Resume data transmission on any suspended RB & SRB 

mapped on RLC-AM or RLC-UM 

Allow the transmission of RRC messages on all SRBs with any 

RRC SN 

When the CELL UPDATE msg has been submitted to lower 

layers for transmission: 

If The SECURITY MODE COMMAND msg 

contained the IE "Ciphering Mode Info": 

Set the IE "Reconfiguration" in the variable 

CIPHERING_STATUS to be set to FALSE 

Clear the variable 

RB_UPLINK_CIPHERING_ACTIVATION_TIME_INFO 

C1 

AND 
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8.1.12.4c Invalid Configuration (by UE) 
UE  UTRAN  
The Flow Chart according Rel. 5.19 
 

 

If The variable INVALID_CONFIGURATION is set to TRUE due to 

the received SECURITY MODE COMMAND msg, the UE shall: 

Set the IE "RRC Transaction Identifier" in the SECURITY MODE 

FAILURE msg to the value of "RRC transaction identifier" in the 

entry for the SECURITY MODE COMMAND msg in the table 

"Accepted Transactions" in the variable TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to the cause value "invalid 

configuration" 

Transmit a SECURITY MODE FAILURE msg on the UL-DCCH > 

RLC-AM after setting the IEs 

When the response message has been submitted to lower 

layers for transmission: 

Set the variable INVALID_CONFIGURATION to FALSE 

Set the IE "Reconfiguration" in the variable 

CIPHERING_STATUS to FALSE 

Continue with any ongoing processes and procedures as if the 

invalid SECURITY MODE COMMAND has not been received 

Only accept a message on SRB2, with a COUNT-I that: 

Is higher than the COUNT-I used prior to receiving the 

SECURITY MODE COMMAND msg incremented by one 

Does not take into account the HFN from the received 

SECURITY MODE COMMAND msg 

END 
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8.1.12.5 Reception of SECURITY MODE COMPLETE msg (by UTRAN) 
UE  UTRAN  
The Flow Chart according Rel. 5.19 

 

 UTRAN has received a SECURITY MODE COMPLETE msg and the integrity protection has successfully been applied, UTRAN should: 

If The IE "Ciphering Mode Info" was included in the SECURITY MODE COMMAND msg: 

New keys were received for the CN domain set in the IE "CN Domain Identity" 

in the SECURITY MODE COMMAND: 
If 

Set, at the DL & UL activation time, all the bits of the HFN 

of the DL & UL COUNT-C values respectively for all RBs for 

this CN domain & all SRBs to zero 

If New keys were not received: 

Use, at the DL & UL activation time, the value "START" in the most recently 

received IE "START List" or IE "START" that belongs to the CN domain as indicated 

in the IE "CN Domain Identity" to initialize all HFNs of the DL & UL COUNT-C value 

respectively for all the SRBs as follows: 

Set the 20 MSB of the HFNs of the COUNT-C for all SRBs to the 

value "START" in the most recently received IE "START List" or 

IE "START" for that CN domain 

Set the remaining bits of the HFNs equal to zero 

If The IE "Integrity Protection Mode Info" was included in the SECURITY MODE COMMAND msg: 

If This was not the first SECURITY MODE COMMAND msg for this RRC connection: 

If New keys have been received for the CN domain set in the IE "CN Domain 

Identity" included in the transmitted SECURITY MODE COMMAND msg: 

C3 C2 C1 
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8.1.12.5 Reception of SECURITY MODE COMPLETE msg (by UTRAN) 
UE  UTRAN  
The Flow Chart according Rel. 5.19 

 

 
C1 C2 C3 

Initialize, at the DL & UL activation time, all HFNs of the DL & UL COUNT-I 

values respec�vely for all the SRBs other than RB2 as follows: 

Set all bits of the HFNs of the UL & DL COUNT-I to zero 

If No new keys have been received for the CN domain set in the IE "CN Domain Identity" 

included in the transmitted SECURITY MODE COMMAND msg: 

Use, at the DL & UL activation time, the value "START" in the most recently received 

IE "START List" or IE "START" that belongs to the CN domain as indicated in the IE "CN 

Domain Identity" to initialize all HFNs of the DL & UL COUNT-I values respectively for 

all the SRBs other than RB2 as follows: 

Set the 20MSB of the HFNs of the DL &UL COUNT-I respectively 

for all SRBs to the value "START" in the most recently received 

IE "START List" or IE "START" for that CN domain 

Set the remaining bits of the HFNs equal to zero 

Send an indication to upper layers that the new security configuration 

has been activated 

Resume, in the DL, all suspended RBs & all SRBs 

Allow the transmission of RRC msg on all SRBs with any RRC SN 

If The IE "Integrity Protection Mode Command" included in 

the SECURITY MODE COMMAND had the value "Start": 

Start applying integrity protection in the downlink for all 

signaling radio bearer 

C4 
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8.1.12.5 Reception of SECURITY MODE COMPLETE msg (by UTRAN) 
UE  UTRAN  
The Flow Chart according Rel. 5.19 

C4 

If The IE "Integrity Protection Mode Command" included in 

the SECURITY MODE COMMAND had the value "Modify": 

Start applying the new integrity protection configuration in the downlink at 

the RRC SN, for each signaling radio bearers RBn, except for signaling radio 

bearer RB2, indicated by the entry for SRBn in the "RRC message sequence 

number list" in the IE "Downlink Integrity Protection Activation Info" 

Continue applying the new integrity configuration for signaling radio bearer 

RB2 

Apply the new integrity protection configuration on the received signaling 

messages with RRC SN greater than or equal to the number associated with 

the SRB in IE "Uplink Integrity Protection Activation Info" 

Apply the old ciphering configuration for the transmission of RLC PDUs with RLC SN 

less than or equal to the number indicated in the IE "Radio Bearer Downlink Ciphering 

Activation Time Info" included in the IE "Ciphering Mode Info" 

Apply the new ciphering configuration for the transmission of RLC PDUs with RLC SN 

greater than or equal to the number indicated in the IE "Radio Bearer Downlink 

Ciphering Activation Time Info" included in the IE "Ciphering Mode Info" 

Applying the old integrity protection configuration on the received signaling messages 

with RRC SN smaller than the number associated with the SRB in IE "Uplink Integrity 

Protection Activation Info" 

C5 
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8.1.12.5 Reception of SECURITY MODE COMPLETE msg (by UTRAN) 
UE  UTRAN  
The Flow Chart according Rel. 5.19 

C5 

For Radio bearers using RLC-AM or RLC-UM: 

Use the old ciphering configuration for received RLC PDUs with RLC SN less than the RLC SN 

indicated in the IE "Radio Bearer Uplink Ciphering Activation Time Info" sent by the UE 

Use the new ciphering configuration for received RLC PDUs with RLC SN greater than or equal 

to the RLC SN indicated in the IE "Radio Bearer Uplink Ciphering Activation Time Info" sent by 

the UE. 

If 

An RLC reset or re-establishment of the transmitting side of an RLC 

entity occurs after the SECURITY MODE COMPLETE msg has been 

received by UTRAN before the downlink activation time for the new 

ciphering configuration has been reached: 

Ignore the activation time and apply the new ciphering configuration 

in downlink immediately after the RLC reset or RLC re-establishment 

If 
An RLC reset or re-establishment of the receiving side of an RLC entity 

occurs after the SECURITY MODE COMPLETE msg has been received 

by UTRAN before the uplink activation time for the new ciphering 

configuration has been reached: 

Ignore the activation time and apply the new ciphering configuration 

in uplink immediately after the RLC reset or RLC re-establishment 

For Radio bearers using RLC-TM: 

Use the old ciphering configuration for the received RLC PDUs before the CFN 

as indicated in the IE "Ciphering Activation Time for DPCH" in the IE "Ciphering 

Mode Info" as included in the SECURITY MODE COMMAND 

Use the new ciphering configuration for the received RLC PDUs at the CFN as 

indicated in the IE "Ciphering Activation Time for DPCH" in the IE "Ciphering 

Mode Info" as included in the SECURITY MODE COMMAND 

END 
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8.1.12.6 Invalid SECURITY MODE COMMAND msg (by UE) 
UE  UTRAN  
The Flow Chart according Rel. 5.19 

If 

Set the IE "RRC Transaction Identifier" in the SECURITY MODE FAILURE msg to the 

value of "RRC transaction identifier" in the entry for the SECURITY MODE COMMAND 

msg in the table "Rejected Transactions" in the variable TRANSACTIONS 

Clear that entry 

Set the IE "Failure Cause" to the cause value "Protocol error" 

Transmit a SECURITY MODE FAILURE msg on the UL-DCCH > 

RLC-AM after setting the IEs 

Include the IE "Protocol Error Information" with contents set to 

the value of the variable PROTOCOL_ERROR_INFORMATION 

When the response message has been submitted to lower 

layers for transmission: 

Continue with any ongoing processes and procedures as if the 

invalid SECURITY MODE COMMAND has not been received 

Only accept a message on SRB2, with a COUNT-I that: 

Is higher than the COUNT-I used prior to receiving the 

SECURITY MODE COMMAND msg incremented by one 

Does not take into account the HFN from the received 

SECURITY MODE COMMAND msg 

The SECURITY MODE COMMAND msg contains a protocol error causing the variable 

PROTOCOL_ERROR_REJECT to be set to TRUE according to 9; the UE shall perform 

procedure specific error handling as follows: 

END 
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8.1.4.2 Initiation Procedures 
UTRAN  UE 
The Flow Chart according Rel.5.19 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

 

  

            

DL-DCCH UM-RLC is available 

DL-CCCH UM-RLC is available 

Transmit RRC CONNECTION RELEASE 
msg 

Retransmit with the same RRC SN 

If 

If 

Note 1: 

When the UE is in CELL_DCH or CELL_FACH, the UTRAN may at 

any time initiate an RRC connection release by transmitting an 

RRC CONNECTION RELEASE msg using UM RLC. 

Note 2: 

UTRAN may transmit several RRC CONNECTION RELEASE 

messages to increase the probability of proper reception of 

the message by the UE. In such a case, the RRC SN for these 

repeated messages should be the same. The number of the 

repeated messages and the interval between the messages 

is a network option. 
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8.1.4.3 Reception of an RRC CONNECTION RELEASE msg Procedures 
By UE 
The Flow Chart according Rel.5.19 

(2/1) 
 

 

 

 

 

 

 

 

 

   

 

   

 

 

 

 

If 
The msg is received on the CCCH, and IE “U-RNTI” is 

present and has the same value as the variable U_RNTI 

If The msg is received on DCCH 

The IE ”UTRAN group identity” must be present and there 

is a group iden�ty match according to subclause 8.6.3.13 

If A UE in state CELL_DCH 

Initialize the counter V308 to zero 

Set the IE “RRC transaction identifier” 

in the RRC CONNECTION RELEASE 

COMPLETE msg to the value of “RRC 

transaction identifier” in the entry for 

the RRC CONNECTION RELEASE msg in 

the table “Accepted transactions” in 

the variable TRANSACTIONS 

Submit an RRC CONNECTION RELEASE 

COMPLETE msg to the lower layers for 

transmission using UL-DCCH UM-RLC 

to UTRAN 

If UE in state CELL_FACH 

If 
The RRC CONNECTION RELEASE msg 

was received on the DCCH 

Set the IE “RRC transaction identifier” 

in the RRC CONNECTION RELEASE 

COMPLETE msg to the value of “RRC 

transaction identifier” in the entry for 

the RRC CONNECTION RELEASE msg in 

the table “Accepted transactions” in 

the variable TRANSACTIONS 

Submit an RRC CONNECTION RELEASE 

COMPLETE msg to the lower layers for 

transmission using UL-DCCH AM-RLC 

to UTRAN 

C1 C2 C3 

Common for DCCH 

& CCCH 

B 

C 

D 
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8.1.4.3 Reception of an RRC CONNECTION RELEASE msg Procedures 
By UE 
The Flow Chart according Rel.5.19 

(2/2) 
 

 

 

 

C1 

If The IE ”Rplmn information” is present 

Store the IE on the ME together with the 

PLMN id for which it applies 

Utilize this information, typically 

indicating where a number of BCCH 

frequency ranges of RAT may be 

expected to be found, during 

subsequent Rplmn selections of the 

indicated PLMN 

Start timer T308 when the RRC CONNECTION 

RELEASE COMPLETE msg is sent on the radio 

interface 

C2 

Confirm the successful transmission of the RRC 

CONNECTION RELEASE COMPLETE msg by the 

lower layers 

Release all its radio resources 

Indicate the release of the established signaling 

connections (as stored in the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS) & 

established radio access bears (as stored in the 

variable ESTABLISHED_RABS) to upper layers 

Clear any entry for the RRC CONNECTION 

RELEASE msg in the tables “Accepted 

transactions” & “Rejected transactions” in the 

variable TRANSACTIONS 

Clear the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

Pass the value of the IE “Release cause” received 

in the RRC CONNECTION RELEASE msg to upper 

layers 

Enter idle mode 

Perform the actions specified in sub clause 8.5.2 

when entering idle mode 

END 

C3 

If 
The RRC CONNECTION RELEASE msg 

was received on the CCCH 

Assume not present 

Note: 

The UE shall receive & act on an RRC CONNECTION RELEASE msg in 

states CELL_DCH & CELL_FACH. Furthermore this procedure can 

interrupt any ongoing procedures with the UE in the UE states. 

E 
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8.1.4.4 Invalid RRC CONNECTION RELEASE msg Procedures 
@ UE side 
The Flow Chart according Rel.5.19 

If 

The RRC CONNECTION RELEASE msg contains a protocol error causing the 

variable PROTOCOL_ERROR_REJECT to be set to TRUE according to clause 9, 

& if the “protocol error cause” in PROTOCOL_ERROR_INFORMATION is set 

to any cause value except “ASN.1 viola�on or encoding error”, the UE shall 

perform procedure specific error handling as follows: 

Ignore any IE(s) causing the error but treat the rest of the RRC CONNECTION 

RELEASE msg as normal according to sub clause 8.1.4.3 with an addi�on of 

the following actions: 

If 
The RRC CONNECTION RELEASE msg received on the 

DCCH 

Set the IE “RRC transaction identifier” in the RRC 

CONNECTION RELEASE COMPLETE msg to the value of 

“RRC transaction identifier” in the entry for the RRC 

CONNECTION RELEASE msg in the table “Rejected 

transactions” in the variable TRANSACTIONS 

Include the IE “Error indication” in the RRC CONNECTION 

RELEASE COMPLETE msg with: 

The IE “Failure cause” set to the cause value “Protocol error” 

The IE “Protocol error information” set to the value of the 

variable PROTOCOL_ERROR_INFORMATION 

A 

UE receive 1
st

 RRC CONNECTION RELEASE msg 

B C 



  -231- 

RRC Connection Release 

8.1.4.5 Cell Re-selection or Radio Link Failure Procedures 
By UE 
The Flow Chart according Rel.5.19 

 

D 

If 
The UE performs cell re-selec�on or the radio link failure criteria in sub clause 8.5.6 are met at any �me 

during the RRC connection release procedure and the UE has not yet entered idle mode, the UE shall: 

If Cell re-selection occurred (CELL_FACH state): 

Perform a cell update procedure according to sub 

clause 8.3.1 using the cause “Cell reselec�on” 

If Radio link failure occurred (CELL_DCH state): 

Release all its radio resources 

Indicate the release of the established signaling 

connections (as stored in the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS) & 

established radio access bears (as stored in the 

variable ESTABLISHED_RABS) to upper layers 

Clear the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

Enter idle mode 

Perform the ac�ons specified in sub clause 8.5.2 when 

entering idle mode 

END 
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8.1.4.6 Expiry of Timer T308, Unacknowledged Mode of Transmission: 
@ UE 
The Flow Chart according Rel.5.19 

 

If UE in state CELL_DCH & timer T308 expires, the UE shall: 

Increment V308 by one 

V308 =< N308 
Prior to retransmitting the RRC CONNECTION RELEASE COMPLETE 

msg 

If The IE “Status” in the variable 

INTEGRITY_PROTECTION_INFO 

has the value “started”: 

Include the same IEs as in the last unsuccessful 

attempt of this message, except for the IE 

“Integrity check info”, which is set as specified in 

sub clause 8.5.10 

Else 
Include the same IEs as in the last 

unsuccessful attempt of this message 

Set the IE “RRC transaction identifier” in the RRC CONNECTION RELEASE 

COMPLETE msg retransmitted below to the value of “RRC transaction 

identifier” in the entry for the RRC CONNECTION RELEASE msg in the 

table “Accepted transaction” in the variable TRANSACTIONS 

Send the RRC CONNECTION RELEASE COMPLETE msg on signaling radio 

bearer RB1 

Start timer T308 when the RRC CONNECTION RELEASE COMPLETE msg is 

sent on the radio interface 

Release all its radio resources 

Indicate the release of the established signaling 

connections (as stored in the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS) & 

established radio access bears (as stored in the 

variable ESTABLISHED_RABS) to upper layers 

Clear any entry for the RRC CONNECTION 

RELEASE msg in the tables “Accepted 

transactions” & “Rejected transactions” in the 

variable TRANSACTIONS 

Clear the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

Enter idle mode 

Perform the ac�ons specified in sub clause 8.5.2 

when entering idle mode 

END 

E 

E 
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8.1.4.8 Reception of an RRC CONNECTION RELEASE COMPLETE msg by UTRAN  Procedures 
UE  UTRAN 
The Flow Chart according Rel.5.19 

UTRAN receives an RRC CONNECTION RELEASE COMPLETE msg 

from the UE, it should: 

Release all UE dedicated resources and the procedure ends on 

the UTRAN side 

If 

F 

G 

H 
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8.1.4.9 Unsuccessful Transmission of the RRC CONNECTION RELEASE COMPLETE msg, Acknowledged Mode Transmission:  
UE  UTRAN 
The Flow Chart according Rel.5.19 

When AM was used and RLC does not succeed in transmitting 

the RRC CONNECTION RELEASE COMPLETE msg, the UE shall: 

Release all its radio resources 

Indicate the release of the established signaling connections (as 

stored in the variable 

ESTABLISHED_SIGNALLING_CONNECTIONS) & established 

radio access bears (as stored in the variable 

ESTABLISHED_RABS) to upper layers 

Clear the variable ESTABLISHED_SIGNALLING_CONNECTIONS 

Clear the variable ESTABLISHED_RABS 

Enter idle mode 

Perform the actions specified in sub clause 8.5.2 when entering 

idle mode 

END 
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8.1.4.11 Failure to receive RRC CONNECTION RELEASE COMPLETE msg by UTRAN 
UE  UTRAN 
The Flow Chart according Rel.5.19 

 

UTRAN does not receive any RRC CONNECTION RELEASE 

COMPLETE msg from the UE, UTRAN should: 
If 

F 

G 
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8.1.4.10 Detection of Loss of Dedicated Physical Channel by UTRAN in CELL_DCH State: 
@ UTRAN 
The Flow Chart according Rel.5.19 

 

 

If 

H 

The release is performed from the state CELL_DCH, & UTRAN detects loss of 

the dedicated physical channel according to sub clause 8.5.6, UTRAN should: 

G 



 

  
  

  
  
  

  جامعة عین شمس
  كلیة الھندسة

  قسم ھندسة اإللكترونیات و اإلتصاالت
  
  

  WCDMAتحكم للموارد الموجیة لل تصمیم و تنفیذ م
  

  رسالة مقدمھ
  للحصول على درجة ماجستیر العلوم في الھندسة الكھربیة

  اإللكترونیات و اإلتصاالت
  

  مقدمھ من
  

  أحمد محمد عباس حافظ/ المھندس
  

  ندسة اإللكترونیات و اإلتصاالتبكالوریوس ھ
  
  

  تحت إشراف
  

  عبدالحلیم عبدالنبي ذكري/ أستاذ دكتور
  قسم ھندسة اإللكترونیات و اإلتصاالت،

  كلیة الھندسة، جامعة عین شمس
  

  
  حسین عبدالعاطي السید/ أستاذ مساعد        إمبابي إسماعیل محمود/ أستاذ دكتور

  قسم ھندسة اإللكترونیات و اإلتصاالت،        قسم الھندسة و األجھزة العلمیة،     
  كلیة الھندسة، جامعة عین شمس           مركز البحوث النوویة، ھیئة الطاقة الذریة

  
  
  
  

  قسم ھندسة اإللكترونیات و اإلتصاالت
  كلیة الھندسة

  جامعة عین شمس
  
  
  
  
2012القاھرة 



 

  
  
  
  
  
  

  جامعة عین شمس
  كلیة الھندسة

  تصاالتقسم ھندسة اإللكترونیات و اإل
  

  رسالة ماجستیر
  

  أحمد محمد عباس حافظ:     الباحث
 WCDMAتحكم في الموارد الموجیة لل تصمیم و تنفیذ م:     الرسالة
  ماجستیر العلوم في الھندسة الكھربیة:     الدرجة
  قسم ھندسة اإللكترونیات و اإلتصاالت :    القسم

  

  لجنة التحكیم
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  الدراسات العلیا
  

  أجیزت الرسالة                     جازةختم اإل    
                         /   /  

  
  موافقة مجلس الجامعة              موافقة مجلس الكلیة

    
  /   /                           /    /



 

  
  
  
  
  
  

 
  جامعة عین شمس

  كلیة الھندسة
  قسم ھندسة اإللكترونیات و اإلتصاالت

  

  تعریف بمقدم الرسالة

  

  حافظ أحمد محمد عباس:     إسم الباحث

  1983-11- 12دولة الكویت :   تاریخ و محل المیالد

  بكالوریوس ھندسة اإللكترونیات و اإلتصاالت:     الدرجة العلمیة

  معھد طیبة العالي للھندسة:     الجھة المانحة لھا

  2006مایو  :    تاریخ المنح

  

  

  

  

  أحمد محمد عباس حافظ:  إسم مقدم البحث 
  :          التوقیع
  :          التاریخ

  

  

  

  

  

  



 

  

  ملخص الرسالة

  
  

مث�ل  ، ف�ي التطبیق�ات النووی�ة    و على وج�ھ التحدی�د ش�بكات المحم�ول     الشبكات الالسلكیةتم توظیف  ،مؤخرا

 .ة و العدید من التطبیقات األخرىشبكات المراقبة اإلشعاعیة و محطات القوى النووی اكتمال المادة النوویة،

  

لنظ��ام ال ذ و إختب��ار الوح��دة البنائی��ة لم��تحكم الم��وارد الموجی��ة  تھ��دف ھ��ذه الرس��الة إل��ى تص��میم و تنفی�� ل��ذا، 

WCDMA  .       و تقدم ھذه السالة أیضا واحدا م�ن التطبیق�ات النووی�ة المبنی�ة عل�ى نظ�ام الWCDMA  .  و یتض�من

  .ھذا التطبیق تصمیم و تنفیذ و محاكاة نموذج لشبكة رصد إشعاعي

  

و التي  UMTSال  اتشبكب الجیل الثالث و المعروفة لواحدا من شبكات محمولتقدم الرسالة عرضا و    

على ) UTRAN(یحتوي ال . (CN) وقلب الشبكة) UTRAN(المرجعي للشبكة  ألموجيمن المدخل تتكون 

ھو مبني الذي  UTRANالذي بین الوحدة المتحركة و ال  Uuاحدى ھذه الوسائط ھو ال ، العدید من وسائط التقابل

منطقة التحكم و منطقة ، من منطقتین UMTSون الھیكل البنائي لبروتوكول ال ویتك.  WCDMAال  نظامعلى 

المسؤولة عن اشارات التحكم في ال  RRCوتحتوي منطقة التحكم على وحدة التحكم في الموارد الموجیة . البیانات

Uu متحركة و المتحكم الموجي للشبكةبین الوحدة ال.  

  

و یحتوي على مقدمة عامة تعرض موضوع الرسالة و  ،لالفصل األو. تتكون الرسالة من ستة فصول

و عرض مبسط لخصائصھا و  UMTSیندرج منھ تعریف لشبكات ال  عرض مبسط لشبكات محمول الجیل الثالث

و أھمیة تطویر أدائھا  ممیزاتھا ثم التنویھ عن بدء إستخدام تكنولوجیا اإلتصاالت الآلسلكیة في التطبیقات النوویة

ثم نختتم الفصل األول بعرض تكنولوجیا التصمیم و التنفیذ المستخدمة و التعریف بلغة  لخدمة التطبیق المستخدم فیھ

و التطبیق النووي  RRCو التي تم إستخدامھا في تصمیم و تنفیذ و إختبار و حدة ال  SDLتوصیف المواصفات ال 

  .التي إستخدمت فیھ

  

  



 

  

و  UMTSفي شبكات ال المستخدمة  WCDMAثاني، و یحتوي على تعریف لتكنولوجیا ال الفصل ال

و المكونة عرض للبناء الشبكي مع تعریف بمكوناتھ و البناء البروتوكولي مع عرض تعریفي لكل طبقة من طبقاتھ 

ع جدول بمواصفات الطبقة مالطبقة الفیزیائیة، طبقة ربط البیانات، طبقة الشبكة و طبقة التطبیقات : من أربع طبقات

  .الفیزیائیة

  

و ھو الطبقة  RRCالفصل الثالث، و یحتوي على عرض تفصیلي لبروتوكول التحكم في الموارد الموجیة 

و یحتوي ھذا العرض على الخدمات المقدمة لبروتوكوالت الطبقات  WCDMAالثالثة في البناء البروتوكولي لل 

نواع العملیات التي یقوم بھا لتنفیذ ھذه الخدمات و الوظائف و رسائل التحكم األخرى و الوظائف التي یقوم بھا و أ

  .المستخدمة في كل عملیة ثم عرض للغة رسائل التحكم و الھیكل البنائي لھا و تعریف بالنظام المستخدم لتكویدھا

  

یلیھ  RRCال السابقة التي قدمت نماذج لتصمیم و حدة یبدء ھذا الفصل بعرض الدراسات الفصل الرابع، 

تفصیلي للغة ال  شرحثم  SDLو لغات التوصیف األخرى و لماذا تم إختیار لغة ال  SDLمقارنة بین لغة ال 

SDL  و معانیھا و إستخدامتھا و أحد  تطبیقاتھا و یشمل أصل اللغة و تاریخھا و خصائصھا و شكل رموزھا

الذي یتم ) Telelogic Tau SDL suite(لمستخدم و تعریف بالبرنامج ا المجاالت التي تستخدم فیھا ھذه اللغة

: و ھذه المراحل كالتالي SDLثم یلیھ إستعراض لمراحل التصمیم طبقا إلستراتیجیة لغة ال  .ھذه اللغة علیھ تنفیذ

بتطبیق دراسة حالة  و یتم ھذا اإلستعراض المتطلبات الخارجیة المحیطة بالنظام، تحلیل النظام ثم التصمیمات

مع بیان للعملیات المستخدمة  شاء مكالمة بین جھاز المستخدم و الشبكة بإستخدام مراحل ھذه اإلستراتیجیةلوظیفة إن

ثم  لتنفیذ ھذه الوظیفة و رسائل التحكم المتبادلة بین جھاز المستخدم و الشبكة مع بیان بإتجاھھا و محتویاتھا

یلیھ إستعراض لتصمیمات بعض العملیات . إستعراض خطوات مرحلة التصمیمات منتھیة بخطوة كود التشغیل

بعض نتائج المحاكاة و التي توضح و نختتم ھذا الفصل بإستعراض . مع شرح توضیحي لھا SDLبإستخدام لغة ال 

و نستخلص من ھذه النتائج أنھا تتفق المواصفات القیاسیة . الخطوات و المراحل الوظیفیة لوظیفة إنشاء مكالمة

  . )3GPPمقاییس ال ( RRCكول ال الدولیة المعتمدة لبروتو

  

 یعتمد علىو یقدم تطبیقا للشبكات الآلسلكیة في المجاالت النوویة من خالل إعداد نموذج الفصل الخامس، 

و یتضمن الفصل المخططات الصندوقیة للنموذج و . في عمل شبكات رصد إشعاعي UMTSشبكات ال 



 

و التي  تتم ھذا الفصل بإستعراض بعض نتائج المحاكاةو نخ SDLالتصمیمات إعتماد على إستراتیجیة لغة ال 

  .توضح الشكل و الخطوات الوظیفیة للنموذج

  

و أخیرا الفصل السادس، و یستعرض ما تم تقدیمھ خالل ھذه الرسالة و الھدف الذي تحقق منھا و أخیرا 

 .التطویرات المستقبلیة المقترحة لموضوع ھذه الرسالة
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