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Important Notice

Texas Instruments Incorporated and/or its subsidiaries (TI) reserve the right to make corrections, mod-
ifications, enhancements, improvements, and other changes to its products, software and services at
any time and to discontinue any product, software or service without notice. Customers should obtain
the latest relevant information during product design and before placing orders and should verify that
such information is current and complete.

All products are sold subject to TI's terms and conditions of sale supplied at the time of order ac-
knowledgment. Tl warrants performance of its hardware products to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control tec h-
nigues are used to the extent Tl deems necessary to support this warranty. Except where mandated
by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are respon-
sible for their products and applications using Tl products, software and/or services. To minimize the
risks associated with customer products and applications, customers should provide adequate design,
testing and operating safeguards.

Any access to and/or use of Tl software described in this document is subject to Customers entering
into formal license agreements and payment of associated license fees. Tl software may solely be
used and/or copied subject to and strictly in accordance with all the terms of such license agreements.

Customer acknowledges and agrees that Tl products and/or software may be based on or implement
industry recognized standards and that certain third parties may claim intellectual property rights
therein. The supply of products and/or the licensing of software does not convey a license from Tl to
any third party intellectual property rights and Tl expressly disclaims liability for infringement of third
party intellectual property rights.

Tl does not warrant or represent that any license, either express or implied, is granted under any TI
patent right, copyright, mask work right, or other Tl intellectual property right relating to any combina-
tion, machine, or process in which Tl products, software or services are used.

Information published by Tl regarding third—party products, software or services does not constitute a
license from TI to use such products, software or services or a warranty, endorsement thereof or
statement regarding their availability. Use of such information, products, software or services may
require a license from a third party under the patents or other intellectual property of the third party, or
a license from Tl under the patents or other intellectual property of TI.

No part of this document may be reproduced or transmitted in any form or by any means, electronical-

ly or mechanically, including photocopying and recording, for any purpose without the express written
permission of TI.

Change History

Date Changed by Approved by Version | Status | Notes
1998-Aug-07 | Stefan Lemke et al. 0.1 1
2003-Jun-10 [ XINTEGRA 0.2 Draft
Notes:

1. Initial version
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1.2 Abbreviations

AGCH  Access GrantChannel

BCCH Broadcast Control Channel

BS Base Station

BSIC Base Station Identification Code
CBCH Cell Broadcast Channel

CBQ  CellBar Qualify

CcC Call Confrol

CCCH Common Control Channel

CCD Condat Coder Decoder

CKSN  Ciphering Key Sequence Number

CR Command / Response

C1 Path Loss Criterion

C2 Reselection Criterion

DCCH Dedicated Control Channel

DISC  DisconnectFrame

DL Data Link Layer

DM Disconnected Mode Frame

EA Extension Bit Address Field

EL Extension BitLengt Field

EMMI  Electrical Man Machine Interface

F Final Bit

FACCH Fast Associated Confrol Channel

FHO Forced Handover

GP Guard Period

GSM Global System for Mobile Communication
HPLMN Home Public Land Mobile Network

| Information Frame

IMEI International Mobile Equipment Identity
IMSI International Mobile Subscriber Identity
Kc Authentication Key

L Length Indicator

LAl Location Area Information
LPD Link Protocol Discriminator
M More Data Bit

MCC  Mobile Country Code
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MM Mobility Manage ment

MMI Man Machine Interface

MNC  Mobile Network Code

MS Mobile Station

NCC National Colour Code

NECI  New Establishment Causes included
N(R)  Receive Number

N(S) Send Number

OTD Observed Time Difference

P Poll Bit

PCH Paging Channel

PDU Protocol Description Unit

PIF Poll/ Final Bit

PL Physical Layer

PLMN  Public Land Mobile Network

RACH Random Access Channel

REJ Reject Frame

RNR Receive NotReady Frame

RR Radio Resource Management

RR Receive Ready Frame

RTD Real Time Difference

SABM  Set Asynchronous Balanced Mode
SACCH Slow Associated Control Channel
SAP Service Access Point

SAPI Service Access Point Identifier
SDCCH Slow Dedicated Control Channel
SIM Subscriber Identity Module

SMS Short Message Service

SMSCB ShortMessage Service Cell Broadcast
SS Supplementary Services

TCH Traffic Channel

TCH/F  Traffic Channel Full Rate

TCH/H Traffic Channel HalfRate

TDMA  Time Division Multiple Access
TMSI Temporary Mobile Subscriber Idenfity
UA Unnumbered Acknowledgement Frame
ul Unnumbered Information Frame
VPLMN Visiting Public Land Mobile Network
V(A) Acknowledgement State Variable
V(R) Receive State Variable

V(S) Send State Variable

1.3 Terms
Entity: Program which executes the functions ofa layer
Message: A message is a data unitwhich is fransferred between the enfiies of the same layer

(peer-to-peer) of the mobile and infrastructure side. Message is used as a synonym fo
protocol data unit (PDU). A message may contain several information elements.
Primitive: A primitive is a data unitwhich is fransferred between layers on one component(mobile
station or infrastructure). The primitive has an operation code which identifies the primi-
tive and its parameters.
Service Access Point A Service Access Point is a data interface between two layers on one component (mobile
staton or infrastructure).
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2 Overview

The Protocol Stacks are used to define the functionality of the GSM protocols for interfaces. The GSM specifications are
normative when used to describe the functionality ofinterfaces, but the stacks and the subdivision of protocol layers does not
imply or restrictany imple mentation.

The base of the Protocol Stack rests on the physical layer.

The Data Link Layer (DL) is used to handle an acknowledged connection between mobile and base station. The LAPDm
profocol is used.

Radio Resource (RR) manages the resources of the air-interface. That means configuration of physical layer, cell selection
and cell reselection, data transfer, RR-Connection handling.

Mobility Management (MM) handles registration aspects for the mobile staton. Itdetects changes of location areas and
updates a mobile station in the new location area.

Call Control (CC) provides the call functionality. This includes call establishment, call maintenance procedures like Hold,
Retrieve or Modify, and call disconnection.

Supplementary Services (SS) handles all call independentsupplementary services like call forwarding or call barring.

Short Message Services (SMS) is used for sending and receiving point-to-point short messages. Additionally the reception of
cell broadcast short messages is included.

The man machine interface (MMI) is the interface to the user. Normally itis connected with a keypad as inputdevice and a
display as outputdevice.

Between the several entites data interfaces are defined. These data interfaces are called Service Access Points (SAPs),
indicating that an upper layer uses the services ofa lower layer.

The SIM card used by MM, MMI and SMS in several ways. This documentdescribes the services needed for the SIM appli-
cafion.
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3 Overview

The protocol entity Supplementary Services (SS) is used to fransport facility elements from and to the infrastructure for all
call independent supplementary services.
Ithas the following states:

o |DLE there is no existing connection

e MM CONNECTION PENDING SS has requested a MM connection, butit is not confirmed

e CONNECTED SS has a MM connection.
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4 Procedures

4.1 Connection Establishment

4.1.1 Mobile Originated Connection Establishment

MMI SS MM Um
|
|
|
|
|
|
|
|

)
MMSS ESTABLISH REQ

\

|

\

\

\
>*
(MM 1)
\ \
a) establishment of MM connection is successful

| | |
| MMSS ESTABLISH CNF | \

\
\
‘ * >* ‘
\ (Ss 2) \ \
| \ MMSS DATA REQ \ \
\ \ (REGISTER) \ REGISTER \
\ * >% >%
\ \ (MM 2) |
\

b) establishment of MM connection fails

\ \ \
| MMSS RELEASE IND | \

MNSS END IND \ \ \

\
\
\
\
\
*
(MMI 1) | \ \
\
(SS1)

MMI starts establishmentofa connection. A facility information elementand the SS version info are forwarded fo SS. SS
checks the fransaction idenffier. It is notexpected that this leads to a problem, because the MS shall make no internal
errors. If this check fails, the requestis ignored.

(MM 1)

SS stores the facility and the SS version information elementand requests a MM connection by MM. The new state of SS is
MM CONNECTION PENDING. In this state SS awaits the confirmation for the MM connecton.

(SS2)
MM has established a MM connection successfully and confirms this to SS.
(MM 2)

Using the stored information elements for facility and SS version, SS codes a SS REGISTER message and sends this
message to the infrastructure. Any SS transaction starts with the SS REGISTER message. SS enters the state
CONNECTED.

(SS 3)

MM was notable to establish a MM connection. This is signalled to SS.

(MMI 1)
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MMl is informed about the release.
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4.1.2 Mobile Terminated Connection Establishment

MMI SS MM Um
\ \ | |
\ | MMSS ESTABLISH IND |
\ \ (REGISTER) \ REGISTER
‘ *< * <
\
\

(SS 1) |
\ \

a) message and transaction identifier ok
\ \ \ \
| MNSS BEGIN IND \ | |
* < * | ‘
(MMI 1) \ \ \

_ % — —

b) message or transaction identifier not ok
\ \ \ \
\ \ MMSS RELEASE REQ \ |
\ * >* \
\ \
\ \

(MM 1) |
(SS1)
SS receives a message. It mustbe a SS REGISTER message, because it is the first message of this fransaction.
(MMI 1)

SS checks the message type and the fransaction idenfifier. Ifitis a SS REGISTER message and the transaction identifier is
notreserved and in the range for mobile terminated transactions, SS forwards the content (facility information) to MMI.

(MM 1)

If this check fails, SS ignores the message and releases the connection. MM is informed about this.
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4.2 Connected

4.2.1 Exchange of Facility Messages

MMI Ss MM Um

\ \ \

\ \ MMSS DATA IND | \

\ \ (FACILITY) \ FACILITY \

‘ *< *< *

\ (Sss 1) \ \

| MNSS FACILITY IND | | |

* < * | ‘
(MMI 1) \ \ \

\ \ | |

| MNSS FACILITY REQ | \ \

* >* | \

\ (58 2) \ \

| | MMSS DATA REQ | |

\ \ (FACILITY) \ FACILITY \

‘ B e T e

\ \ (MM 1) \

\ | | |
During a transaction (SS has the state CONNECTED) the mobile station and the infrastructure may exchange facility
information elements with SS FACIILITY messages.

(SS1)
The infrastructure sends a SS FACILITY message to the mobile station.
(MMI 1)
SS decodes the message and forwards the facility information element to MMI.
(SS2)
MMI will send a facility information to the infrastructure without releasing the connection.
(MM 1)
SS code the facility information elementinto a SS FACILITY message and forwards it to the infrastructure.
Page 14 of 19
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4.3 Connection Release
4.3.1 Call Reestablishment
MMI SS MM Um
\ \ \ \
\ \ MMSS ERROR IND \ \
\ *<{=================== * \
\ (ss 1) \ \
| MNSS END IND | | |
* < * ‘ ‘
(MMI 1) \ \ \
| | MMSS RELEASE REQ | \
\ *A===================>% |
\ \ (MM 1) \
\ \ \ \
(SS1)
MM indicates an error in the lower layer with the possibility to reestablishmentin the cell.
(MMI 1)
SS will not processs reestablishmentin general. MMI is informed about the end of the transaction.
(MM 1)
MM is informed about the end of ransaction.
Page 15 of 19
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4.3.2 Release by Mobility Management
SS MM Um

\

\

| D ——
\

\

MNSS END IND

*<
(MMI 1)

(SS1)
MM indicates the connection release.
(MMI 1)

MMl is informed about the end of fransaction.
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4.3.3 Mobile Originated Connection Release

MMI SS MM Um

\ \ \ \
\ MNSS END REQ | \ \
\ \

A=———————————=———=====>%
\ (ss 1) | |
\ \ MMSS DATA REQ \ \
| | (RELEASE COMPLETE) | RELEASE COMPLETE |
‘ * >* >*
\ \ (MM 1) |
| | MMSS RELEASE REQ |
‘ * >* \
\ \ (MM 2) \
\ | | |
(SS1)

MMI will release the transaction. The last message ofa SS transaction is the SS RELEASE COMPLETE message.
(MM 1)

SS codes the message and forwards it to the infrastructure.

(MM 2)

MM is informed about the end of ransaction.
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4.3.4 Mobile Terminated Connection Release

MMI SS MM Um

\ MMSS DATA IND \ \
| (RELEASE COMPLETE) | RELEASE COMPLETE |

The infrastructure will release the fransaction. The last message ofa SS transaction is the SS RELEASE COMPLETE

message.
(MM 1)

SS decodes the message and forwards the content to MMIL.
(MM 2)

MM is informed about the end of ransaction.

ﬂ’ TEXAS Texas Instruments Proprietary Information — Internal Data
INSTRUMENTS

Page 18 of 19



Technical Document
GSM Protocol Stack Message Sequence Charts Supplementary Services Confidential (6301.209.98.100), v0.2 Draft

Appendices

A. Acronyms

DS-WCDMA Direct Sequence/Spread Wideband Code Division Multiple Access

B. Glossary

International Mobile Tel- Formerly referred to as FPLMTS (Future Public Land-Mobile Telephone
ecommunication 2000 System), this is the ITU's specification/family of standards for 3G. This
(IMT-2000/1TU-2000) initiative provides a global infrastructure through both satellite and terre-

strial systems, for fixed and mobile phone users. The family of standards
is a framework comprising a mix/blend of systems providing global roam-
ing. <URL: http://www.imt-2000.0rg/>
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