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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found in
SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of
ETSI standards", which is available free of charge fromthe ETSI Secretariat. Latest updates are available on the ETSI
Web server (http://www.etsi.org/ipr).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in SR 000 314 (or the updates on the ETSI Web server)
which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by the Special Mobile Group (SMG).

The present document defines the network functions required to support services and facilities provided by a Public
Land Mobile Network (PLMN) within the digital cellular telecommunications system (Phase 2/Phase 2+).

The contents of the present document is subject to continuing work within SMG and may change following formal SMG
approval. Should SMG modify the contents of the present document it will be re-released with an identifying change of
release date and an increase in version number as follows:

\ersion 7.xy
where:
7 indicates Release 1998 of GSM Phase 2+

x the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

y the third digit is incremented when editorial only changes have been incorporated in the specification.
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1 Scope

The present document defines network functions which are necessary to support services and facilities provided by
PLMNs. A summary of the network functions is given in Table 1, where also an indication is given whether the network
must support the function. The table also indicates whether or not a function requires internetworking signalling
between PLMNSs (i.e. use of Mobile Application Part, Technical Specification GSM 09.02).

All functions require signalling on the radio path as specified in Technical Specification GSM 04.08.

1.1 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

e Fora specific reference, subsequent revisions do not apply.
o Foranon-specific reference, the latest version applies.

e A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same
number.

e Forthis Release 1998 document, references to GSM documents are for Release 1998 versions (version 7.xy).

[1] GSM 01.04: "Digital cellular telecommunications system (Phase 2+); Abbreviations and acronyms".

[2] GSM 02.04: "Digital cellular telecommunications system (Phase 2+); General on supplementary
service".

[3] GSM 02.09: "Digital cellular telecommunications system (Phase 2+); Security aspects”.

[4] GSM 02.60: "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service

(GPRS); Service Description - Stage 1".

[5] GSM 03.03: "Digital cellular telecommunications system (Phase 2+); Numbering, addressing and
identification™.

[6] GSM 03.07: "Digital cellular telecommunications system (Phase 2+); Restoration procedures".

[71 GSM 03.08: "Digital cellular telecommunications system (Phase 2+); Organisation of subscriber
data".

[8] GSM 03.12: "Digital cellular telecommunications system (Phase 2+); Location registration
procedures”.

[9] GSM 03.13: "Digital cellular telecommunications system (Phase 2+); Discontinuous Reception

(DRX) in the GSM system".

[10] GSM 03.14: "Digital cellular telecommunications system (Phase 2+); Support of Dual Tone Multi-
Frequency signalling (DTMF) via the GSM system".

[11] GSM 03.20: "Digital cellular telecommunications system (Phase 2+); Security related network
functions".

[12] GSM 03.22: "Digital cellular telecommunications system (Phase 2+); Functions related to Mobile

Station (MS) in idle mode".

[13] GSM 03.40: "Digital cellular telecommunications system (Phase 2+); Technical realization of the
Short Message Service (SMS) Point to Point (PP)".
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[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]
[34]

[35]

[36]

GSM 03.60: "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service
(GPRS); Service Description; Stage 2".

GSM 03.64: "Digital cellular telecommunications system (Phase 2+); Overall Description of the
General Packet Radio Service (GPRS) Radio Interface; Stage 2".

GSM 03.81: "Digital cellular telecommunications system (Phase 2+); Line identification
supplementary services - Stage 2".

GSM 03.82: "Digital cellular telecommunications system (Phase 2+); Call Forwarding (CF)
supplementary services - Stage 2".

GSM 03.83: "Digital cellular telecommunications system (Phase 2+); Call Waiting (CW) and Call
Hold (HOLD) supplementary services - Stage 2".

GSM 03.84: "Digital cellular telecommunications system (Phase 2+); MultiParty (MPTY)
supplementary services - Stage 2".

GSM 03.85: "Digital cellular telecommunications system (Phase 2+); Closed User Group (CUG)
supplementary services - Stage 2".

GSM 03.86: "Digital cellular telecommunications system (Phase 2+); Advice of Charge (AoC)
supplementary services - Stage 2".

GSM 03.88: "Digital cellular telecommunications system (Phase 2+); Call Barring (CB)
supplementary services - Stage 2".

GSM 04.08: "Digital cellular telecommunications system (Phase 2+); Mobile radio interface layer 3
specification”.

GSM 05.08: "Digital cellular telecommunications system (Phase 2+); Radio subsystem link control”.

GSM 09.02: "Digital cellular telecommunications system (Phase 2+); Mobile Application Part (MAP)
specification”.

GSM 12.00: "Digital cellular telecommunications system (Phase 2+); Objectives and structure of
Network Management (NM)".

GSM 12.01: "Digital cellular telecommunications system (Phase 2+); Common aspects of GSM
Network Management (NM)".

GSM 12.07: "Digital cellular telecommunications system (Phase 2+); Operations and performance
management”.

GSM 12.02: "Digital cellular telecommunications system (Phase 2+); Subscriber, Mobile Equipment
(ME) and services data administration™.

GSM 12.03: "Digital cellular telecommunications system (Phase 2+); Security management".

GSM 12.04: "Digital cellular telecommunications system (Phase 2+); Performance data
measurements”.

GSM 12.05; "Digital cellular telecommunications system (Phase 2+); Subscriber related event and
call data".

GSM 12.06: "Digital cellular telecommunications system (Phase 2+); GSM Network change control”.

GSM 12.10: "Digital cellular telecommunications system (Phase 2+); Maintenance provisions for
operational integrity of Mobile Stations (MS)".

GSM 12.11: "Digital cellular telecommunications system (Phase 2+); Maintenance of the Base
Station System (BSS)".

GSM 12.13: "Digital cellular telecommunications system (Phase 2+); Maintenance of the Mobile-
services Switching Centre (MSC)".
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[37] GSM 12.14: "Digital cellular telecommunications system (Phase 2+); Maintenance of location
registers".
[38] GSM 12.20: "Digital cellular telecommunications system (Phase 2+); Network Management (NM)

procedures and messages".

[39] GSM 12.21: "Digital cellular telecommunications system (Phase 2+); Network Management (NM)
procedures and message on the A-bis interface".

[40] GSM 12.22: "Digital cellular telecommunications system (Phase 2+); Interworking of GSM Network
Management (NM) procedures and messages at the Base Station Controller (BSC)".

1.2 Abbreviations

Abbreviations used in the present document are listed in GSM 01.04.

2 Network functions for basic service provision

2.1 Call handling

This set of functions enables the establishment of communications between a mobile subscriber and another network
subscriber in one of the following types of network PSTN, ISDN, PSPDN, CSPDN and other PLMNSs.

2.1.1 Call from a mobile subscriber registered in VLR

This is the normal case where the call is routed according to the dialled number. After the call, the MSC will send the
charging information to the HLR, a billing entity and/or store the charging data on tapes or discs as described in
Technical Specification GSM 12.05.

2.1.2 Call from a mobile subscriber not registered in VLR

When the VLR receives a request for call set-up parameters froman MSC for an MS originating call, where the MS is not
registered in the VLR, the VLR shall initiate a location updating procedure towards the HLR and in response parameters
are given concerning category, services and restrictions. The call is then set up as in 2.1.1. This case only happens when
a VLR or an MS failure has occurred.

2.1.3 Call to a mobile subscriber

The call is routed (re-routed or forwarded) according to location data obtained fromthe HLR to the actual MSC and the
MS is paged over the standardised radio interface.

For MSs in mode of operation A and B the paging may be performed via SGSN. This optional network function is further
described in the Technical Specification GSM 03.60.
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Table 1: Overview of network functions
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Class of Network Network Function Network Interworking
Function (NF) Support with MAP
NF for basic Call Handling (Note 3) M X
service provision Packet Handling (Note 4) M X
Subscriber Authentication M X
Emergency calls (Note 3) M -
Supplementary Services M X
Voice group services (Note 3) @] X
Short Message Service (SMS) M X
Signalling information element confidentiality M X
NF for Location registration M X
supporting:
Handover (Note 3)
- in the same BSS M -
- in the same MSC M -
- in the same PLMN M X
Call re-establishment (Note 3) M -
Additional NF Queueing o) -
for
call handling OACSU (Note 3) @] -
Security related services M X
Discontinuous reception M -
Discontinuous Transmission M/O -
Note 2
DTMF (Note 3) M -
Network
management M X
oriented NF (Note 1)

NOTE1: The function will not be fully specified by GSM (national specifications will complement).

NOTE2: Only the receiver requirements are mandatory, the transmitter requirements support are optional.

NOTE3: Only applicable for circuit switched services

NOTE4: Only applicable for packet switched services

2.1.4  Call handling functions in HLR

The HLR should also support control functions for handling of supplementary services as described for each service in
the GSM 03.8xseries of Technical Specifications.

The HLR should provide information to the gateway MSC to allow it to route calls directed to a mobile subscriber: either
a Mobile Station Roaming Number (MSRN) to allow the call to be routed to the visited MSC or a forwarding number if

the call is to be forwarded to a destination different fromthe original one.

The HLR should provide the identity of the visited MSC to the SMS gateway MSC to allow it to route short messages
directed to a mobile subscriber; further detail is given in Technical Specification GSM 03.40.
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2.1.5  Call handling functions in VLR

The VLR must provide subscriber parameters to the MSC as required for call handling.

The VLR must also support control functions for handling of supplementary services as described for each service in the
GSM 03.8x series of Technical Specifications.

Fora MS in mode of operation A or B, the VLR may optionally support establishment and maintenance of an association
with an SGSN. This allows paging for a circuit switched call to be performed via SGSN.

2.1.6  Call handling functions in MSC

The MSC must perform normal call routing and call control functions. The MSC will obtain subscriber parameters from its
associated VLR.

The MSC must also be capable of performing handover as defined in section 3.2.

In some cases, the MSC must be able to act as a gateway MSC to provide an interface to other circuit-switched
networks.

2.1.7 Call handling functions in SGSN

Fora MS in mode of operation A or B, the SGSN may optionally support establishment and maintenance of an
association with a VLR. This allows paging for a circuit switched call to be performed via SGSN.

2.2 Subscriber identity authentication

The purpose of subscriber identity authentication is defined in Technical Specification GSM 02.09.

The authentication mechanismis defined in Technical Specification GSM 03.20 and corresponding procedures on the
MS-BSS interface are defined in Technical Specification GSM 04.08.

2.3 Emergency call

2.3.1 General

The land mobile system should be capable of efficient handling of emergency calls fromMS. The signalling procedures
on the radio path for emergency calls are given in Technical Specification GSM 04.08.

2.3.2  Routeing

The call should be routed automatically to an appropriate emergency centre based on the geographical location of the
MS(e.g. based on the identity of the cell on which the call is established).

2.4 Supplementary services

PLMN may offer supplementary services as shown in Technical Specification GSM 02.04. The support of supplementary
services will require control procedures in HLRs, VLRs and MSCs in addition to the control procedure in the fixed
network. The technical realisation of supplementary services is given in the GSM 03.8xseries of Technical Specifications.

ETSI



(GSM 03.01 version 7.0.0 Release 1998) 11 TS 100 521 v7.0.0 (1999-08)

2.5 Voice group services

The PLMN may offer the voice group services. These are the voice group call service (VGCS) and voice broadcast
service (VBS), as shown in GSM 02.68 and GSM 02.69, respectively. The support of the voice group call and voice
broadcast services will require control procedures in HLRs, VLRs, MSCs and Group Call Register (GCR) and possibly
control procedures in the fixed network. The technical realisation of these services is given in GSM 03.68 and GSM 03.69,
respectively.

2.6 Short Message Service

This set of functions allows the transfer of short messages i either direction between a mobile station and a short
message service centre. More detailed information is given in Technical Specification GSM 03.40.

2.6.1  Short Message Handling functions in the HLR

The HLR should be able to provide information to allow a short message to be routed fromthe SMS gateway MSC to the
visited MSC and/or visited SGSN and then to the required MS.

2.6.2  Short Message Handling Functions in the VLR

The VLR should provide subscriber parameters to the MSC as required for handling short messages.

2.6.3  Short Message Handling Functions in the MSC

The MSC should performthe functions of relaying short messages in both directions between the fixed network of the
PLMN and the BSS.

In some cases the MSC should be able to act as an SMS Gateway MSC to relay short messages froma Short Message
Service Centre (SC) to a PLMN, or an SMS Interworking MSC to relay short messages froma PLMN to an SC.

2.6.4  Short Message Handling Functions in the SGSN

The SGSN should performthe functions of relaying short messages in both directions between the fixed network of the
PLMN and the BSS. The SGSN should also provide subscriber parameters required for handling the short messages
relaying function. The SGSN should also download (from HLR or another SGSN) and store subscriber parameters
required for handling the short message relaying functions.

2.7 Signalling information element confidentiality

A procedure should be implemented providing for the confidentiality of signalling information elements on the radio
path. In Technical Specification GSM 02.09 the signalling information elements which need to be protected are given.

The Encryption Key is calculated in both the MS and the network. Detailed information is given in Technical
Specification GSM 03.20.

2.8 Packet Handling

This set of functions enables routing of packets between an MS and a network host in one of the following types of
network: PSPDN, networks based on the Internet Protocol (IP) and other PLMNs.

ETSI
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2.8.1 Packet handling functions in SGSN.

The SGSN should performthe functions of routing packets in both directions between one or more GGSN’s and the BSS.
The SGSN should also download (from HLR or another SGSN) and store subscriber parameters required for handling the
packet routing functions.

2.8.2 Packet handling functionsin GGSN

The GGSN should act as a gateway that provides interface(s) to other packet data networks. The GGSN should further
performthe functions of routing packets in both directions between these networks and one or more SGSN’s. The GGSN
should also download (from SGSN) and store subscriber parameters required for handling the packet routing functions.

2.8.3 Packet switched service functions in HLR
The HLR should provide permanent storage of subscriber data.

The HLR should provide the identity of the visited SGSN to the SMS gateway MSC to allow it to route short mess ages
directed to a mobile subscriber; further detail is given in Technical Specification GSM 03.40.

3 Network functions for supporting cellular operation

3.1 Location registration

3.11 Definitions

Location registration means that the PLMNs keep track of where MSs are located in the systemarea. The location
information is stored in functional units called location registers. Functionally there are four types of location registers:

the home location register (HLR) where the current location and all subscriber parameters of a MSare permanently
stored;

the visitor location register (VLR) where all relevant parameters concerning a MS are stored aslong as the station
is within the area controlled by that visitor location register.

the serving GPRS support node (SGSN) where all relevant parameters concerning a MS using packet switched
services are stored as long as the MS is controlled by that SGSN,

- the GGSN node where routing information for all static PDP addresses related to a mobile subscriber is stored.

See also Technical Specification GSM 03.02 where the network architecture is described.

3.1.2  Procedures
Procedures related to location registration are specified in Technical Specification GSM 03.12.
They comprise:

i) location updating which enables the MS to informthe network that its location area has to be updated, i.e. the
MS has received a location area identity which is different from that contained in its memory. In order to avoid
unnecessary updating, the current location area identity should be stored in a non-volatile memory in the MS;

i) location cancellation which is used to delete an MS froma VLR or froman SGSN,;

iii) periodic location updating which enables the location of stationary MSs to be confirmed at a rate determined by
the operator;

iv) as a network option, IMSI detach/attach operation. When a MS has informed the network that it is IMSI
detached, the network is aware that the subscriber is not active;

ETSI
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V) routing updating which enables the MS to inform the network that its routing area has to be updated;
Vi) periodic routing updating which enables the location of stationary MSs to be confirmed at a rate determined
by the operator;

Vii) GPRS detach/attach operation. When a MS has informed the network that it is GPRS detached, the network
is aware that the subscriber is not active;

viii)  cell updating which enables the MS to informthe network that its cell has been updated.

The procedures i) to iv) are defined for circuit switched services, and ii) and v) to viii) are defined for packet switched
services. Combined procedures for circuit and packet switched services are also defined in GSM 03.60 for GPRS. The
procedure i) may be combined with v), iii) may be combined with vi) and iv) may be combined with vii).

The procedures also include mechanisms for restoration of location registers after failure. These procedures are defined
in Technical Specification GSM 03.07.

3.1.3 Information stored in location registers

Information to be stored in location registers is listed in Technical Specification GSM 03.08.

3.2 Handover

3.21 Definitions

The following case are required:

i) handover between physical channels of the same Base Station System (BSS). This capability could be used in the
following situations:

- when the physical channel carrying the call is subject to interference or other disturbances;

- when a physical channel or channel equipment carrying a call has be to be taken out of service for
maintenance or other reasons;

i) handover between Base Station Systems (BSSs) of the same MSC;
iii) handover between BSSs of different MSCs of the same PLMN.

Cases ii) and iii) are used in order to ensure continuity of the connection when an MS moves fromone BSS area to
another.

For case iii) two procedures are defined:

a) basic handover procedure where the call is handed over fromthe controlling MSC (MSC-A) to another MSC
(MSC-B);

b) subsequent handover procedure where the call is handed over from MSC-B to MSC-A or to a third MSC (MSC-
B).

3.2.2 Procedures

The procedures are described in Technical Specification GSM 03.09.

3.3 Call re-establishment

Re-establishment of a call may be performed when a traffic channel (TCH) has been lost during the call, e.g. when a
handover could not be completed in time.
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Call re-establishment is only performed on TCHs and when the call is in the connected state (see Technical Specification
GSM 04.08). The procedures are specified in Technical Specification GSM 04.08.

4 Additional network functions for call handling

4.1 Queuing

As a PLMN option MS originating and/or MS terminating calls may be queued at the BSS. (NOTE: this queuing is
additional to that for normal call handling). However, the following condition must be met:

- for MS terminating calls the queuing must not conflict with abnormal release conditions in the fixed network. In
general, calls that may have passed international circuits should not be queued, i.e. it should not be applied to
calls where the originating network is not known to the PLMN.

4.2  Off-Air-Call-Set-Up (OACSU)

4.2.1 General

OACSU may be implemented in PLMNSs in order to increase the call handling capacity of the PLMN.
OACSU may be implemented in PLMNs on an optional basis subject to the following conditions:
i) OACSU should not be used for calls to an international number;

i) OACSU should not be used for incoming international calls, except where bilateral agreement has been reached
to allow such an application of OACSU. For the avoidance of doubt, OACSU shall not be applied to calls where
the call type or originating network is not known by the PLMN;

iii) foreign MSs not supporting the OACSU procedure should be allowed to access the PLMNs where OACSU is
used;

iv) MSs supporting OACSU should be capable of operating in PLMNs where OACSU is not implemented;

v) OACSU should only be used for telephone calls.

4.2.2  Signalling procedures

Signalling procedures supporting OACSU are specified in Technical Specification GSM 04.08.

4.3 Security related services

PLMNs will offer three security related services on the radio path: confidentiality of the user identity, confidentiality of
user data and confidentiality of signalling information elements and connectionless user data.

4.3.1 Identity confidentiality

This service provides for the privacy of the identities of subscribers. An intruder cannot identify which subscriber is
using a certain resource on the radio path. Instead of IMSI a temporary identity is used.

431.1 Circuit switched services

This identity (TMSI) is a local number only valid in a given location area. The TMSI is allocated by the VLR and is sent
to the MS in a ciphered mode, when ciphering is available as a network option. The IMSI and IMEI should also be
transmitted in ciphered mode, whenever the procedure allows this, and when ciphering is available as a network option.
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The structure of the TMSI is defined in Technical Specification GSM 03.03.

43.1.2 Packet switched services

The packet temporary mobile subscriber identity (P-TMSI) is a local number only valid in a given routing area. The P-
TMSI is allocated by the SGSN and is sent to the MS in a ciphered mode, when ciphering is available as a network
option.

The structure of the TLLI is defined in Technical Specification GSM 03.03.

4.3.2  User data confidentiality

This service provides for the confidentiality of anything transmitted on a traffic channel.

4321 Circuit switched services

Encryption/decryption is done in the MS and BSS with a key which is calculated in both the MS and network. Detailed
information is given in Technical Specification GSM 03.20.

4322 Packet switched services

Encryption/decryption is done in the MS and SGSN with a key which is calculated in both the MS and network. Detailed
information is given in Technical Specification GSM 03.20.

4.3.3 Signalling Information Element Confidentiality

This service provides for the confidentiality of anything transmitted on a signalling channel

4331 Circuit switched services

Signalling information to control the service offered to a subscriber or connectionless user data can be
encrypted/decrypted. Encryption/decryption is done in the MS and BSS with a key which is calculated in both the MS
and the network. Detailed information is given in Technical Specification GSM 03.20.

433.2 Packet switched services

Signalling information to control the service offered to a subscriber can be encrypted/decrypted. Encryption/decryption
is done in the MS and SGSN with a key which is calculated in both the MS and the network. Detailed information is given
in Technical Specification GSM 03.20.

4.4 Discontinuous Reception

Discontinuous reception is a technique used to reduce the battery consumption 0ofMSs. The operation of the technique
is specified in Technical Specification GSM 03.13. This function must be supported by the network, but is optional
forMSs.
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4.5 Discontinuous Transmission

Discontinuous transmission is a technique used to reduce overall interference level on the radio interface, and to reduce
the battery consumption in the MSs. The operation of the technique is specified in Technical Specification GSM 05.08.
This function must be supported by the MSs, whereas only the receiver requirements are mandatory in the network.

4.6 Support of DTMF

DTMF is supported as defined in Technical Specification GSM 03.14.

5 Network management oriented network functions

Network management functions are dealt with in the 12 series of GSM Technical Specifications. An overview is given in
Technical Specification GSM 12.00.
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Annex A (informative):
Change Request History

Change history

SMG No. TDoc. CR. No. Section New Subject/Comments
No. affected \ersion
SMG#07 4.0.4 ETSI Publication
SMG#17 101/96 B001 5.0.0 Inclusion of "Voice group services" as network
function
Release 1996 version
SMG#18 287/96 A003 5.1.0 Queuing indication to the MSin case of Mobile
Originating Calls
SMGH#27 6.0.0 Release 1997 version
SMG#28 P-99- A004 6.1.0
153
SMG#29 7.0.0 Release 1998 version
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