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1
Scope

The present document contains a detailed description of the handover procedures to be used in PLMNs. The purpose of the handover procedures, as described in the present document, are to ensure that the connection to the Mobile Station (MS) or User Equipment (UE) is maintained as it moves from one cell or radio network to another. The document defines the circuit switched handover functionality based on the service requirements in 3GPP TS 22.129 [9].

The present document considers the following four cases:

i)
handover between Base Stations connected to the same MSC, this is termed an Intra-MSC handover;

ii)
handover between Radio Network Subsystems connected to the same 3G_MSC, this is termed an Intra-3G_MSC handover/relocation. In the context of this specification the term RNS refers also to a BSS when serving a mobile in Iu mode .This case also includes inter-system handover between RNS and BSS if the 3G_MSC supports the A-interface;

iii)
handover between Base Stations connected to different MSCs, this is termed an Inter-MSC handover. This category can be sub-divided into three further procedures:

a)
the Basic Inter-MSC Handover procedure, where the MS is handed over from a controlling MSC (MSC‑A) to another MSC (MSC‑B);

b)
the Subsequent Inter-MSC Handover procedure, where the MS is handed over from MSC‑B to a third MSC (MSC‑B');

c)
the Subsequent Inter-MSC handback, where the MS is handed back from MSC‑B to MSC‑A.

iv)
handover between Radio Network Subsystems connected to different 3G_MSCs, this is termed an Inter-3G_MSC handover/relocation. . In the context of this specification the term RNS also refers to a BSS when serving a mobile in Iu mode.This category can be divided into three further sub-procedures:

a)
the Inter-3G_MSC Handover procedure from UMTS to GSM, where the UE/MS is handed over from a controlling 3G_MSC (3G_MSC‑A) to an MSC (MSC‑B);

b)
the Inter-3G_MSC Handover procedure from GSM to UMTS, where the UE/MS is handed over from a controlling MSC (MSC‑A) to a 3G_MSC (3G_MSC‑B);

c)
the Inter-3G_MSC Relocation procedure, where the UE is relocated from 3G_MSC‑A to 3G_MSC‑B. This procedure can also be combined with a hard change of radio resources (Hard Handover with switch in the core network).

The MSC in this category can optionally be a 3G_MSC supporting the A-interface. The three sub-procedures do also cover subsequent handover/relocation to a third MSC‑B' or 3G_MSC‑B' and subsequent handover/relocation back to MSC‑A or 3G_MSC‑A.

In both cases i) and iii) the same procedures as defined in the 3GPP TS 08.08 [5] and the 3GPP TS 24.008 [10] shall be used on the A‑interface and on the Radio Interface, respectively.

In case ii) the same procedures as defined in the 3GPP TS 25.413 [11] and the 3GPP TS 24.008 [10] shall be used on the Iu‑interface. If the 3G_MSC in case ii) also supports the A-interface, the 3GPP TS 08.08 [5] and the 3GPP TS 24.008 [10] shall be used on the A‑interface.

In case iii) the handover procedures shall transport the A-interface messages between MSC‑A and MSC‑B described in the Mobile Application Part (MAP), 3GPP TS 29.002 [12].

In case iv) the handover procedures shall transport the A-interface messages between 3G_MSC and MSC described in the Mobile Application Part (MAP), 3GPP TS 29.002 [12].

In case iv) the relocation procedure shall transport the Iu-interface messages between 3G_MSC‑A and 3G_MSC‑B described in the Mobile Application Part (MAP), 3GPP TS 29.002 [12].

The interworking between the 3GPP TS 29.002 [12] protocol and the 3GPP TS 08.08 [5] protocol is described in the 3GPP TS 29.010 [8].

Handovers, which take place on the same MSC are termed Intra-MSC handovers; this includes both Inter-BSS and Intra‑BSS handovers.

Handovers, which take place on the same 3G_MSC are termed Intra-3G_MSC handovers; this includes Inter-RNS, Inter-BSS handovers and optionally RNS to BSS and BSS to RNS handovers.
Handovers which take place between a Base Station serving a mobile in Iu mode and a Base Station serving a mobile in A/Gb mode  are termed Inter-Mode handovers, which in the context of this specification correspond to intersystem handovers.
"Flexible Iu interface for handover/relocation" Option: Up to release 99 an RNS can be connected only to one 3G_MSC. From release 4 onwards, as a network option, an RNS can have Iu interfaces to more than one MSC. Such an additional Iu interface may be selected by an MSC during an intra-PLMN relocation or intra-PLMN BSS to RNS handover procedure. This allows the MSC to use an Intra-3G_MSC handover procedure according to case ii) instead of an Inter-3G_MSC handover procedure according to case iv). The decision whether to use the Intra-3G_MSC handover procedure is implementation and configuration dependent. In a network implementing this option, a global title based on the Global RNC-Id may optionally be used for the addressing of the Iu interface messages.

The present document also covers the requirements for handover in ongoing  GERAN voice group calls, directed retry and handover without a circuit connection between MSCs. The present document does not consider the case of handovers between radio channels on the same BSS (Intra-BSS handover) or the handover of packet radio services. The Inter-RNS handover case that results in a relocation is covered by the present document but not other Inter-RNS or Intra-RNS handover cases.

For voice broadcast calls in GERAN, the speaker uses normal point-to-point handover procedures, whilst the listeners use idle mode cell reselection procedures, as for the voice group call listeners.

Voice group calls is only applicable to GERAN and handover of voice group calls is therefore only possible in GERAN.

Inter-MSC hand-over imposes a few limitations on the system. After inter-MSC hand-over:

-
call re-establishment is not supported.

The list of 3GPP TS 48.008 [5] features supported during and after Inter-MSC handover is given in 3GPP TS 09.08 [7].

In the Inter-MSC handover case, the interworking between a Phase 1 BSSMAP protocol possibly used by one MSC and the Phase 2 BSSMAP protocol used in the Phase 2 MAP protocol on the E-interface is performed by this MSC.

NOTE:
The message primitive names used in the SDL diagrams and message flows in the present document do not represent the actual messages specified in the GSM or 3GPP stage 3 technical specifications. The primitive names are only intended to be indicative of their use in the present document.
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3 Abbreviations and definitions

3.1
Abbreviations
For the purpose of the present document, the following abbreviations apply:

3G_MSC
A third generation MSC that supports the Iu interface and optionally the A interface

3G_MSC‑A
The controlling 3G_MSC on which the call was originally established

3G_MSC‑B
The 3G_MSC to which the UE is handed over in a Basic Handover

3G_MSC‑B'
The 3G_MSC to which the UE is handed over in a Subsequent Handover

BSC
Base Station Controller

BSS
Base Station System

BSS-A
The BSS from which the MS is being handed over

BSS-B
The BSS to which the MS is being handed over

BTS
Base Transceiver Station
GERAN
GSM EDGE Radio Access Network
ISC
International Switching Centre

MS
Mobile Station

MSC
A second generation Mobile Services Switching Centre that only supports the A interface

MSC‑A
The controlling MSC on which the call was originally established

MSC‑B
The MSC to which the MS is handed over in a Basic Handover

MSC‑B'
The MSC to which the MS is handed over in a Subsequent Handover

RNC
Radio Network Controller

RNS
Radio Network Subsystem
SBSS
Serving BSS within GERAN

SRNS
Serving RNS within UTRAN
UE
A User Equipment is a terminal that supports USIM and the UMTS Uu interface

UE/MS
A terminal that supports USIM, SIM, the Uu interface and the Um interface

USIM
UMTS Subscriber Identity Module

Other abbreviations used in the GSM specifications are listed in 3GPP TS 01.04 [2] and 3GPP TS 21.905[2a].

NOTE:
The A/Gb-mode and Iu-mode operation of BSS does not affect the corresponding A interface [5] and Iu interface [11] signalling in the context of this specification. In Iu-mode of operation the BSS acts like RNS towards the MSC. Layer 3 Radio Resource Control protocol used by BSS in Iu-mode may differ from the one presented, but it is out of scope of this specification. 

3.2 Definitions

The following terms are used in this Technical Specification:

A/Gb mode:  mode of operation of the MS when connected to the Core Network via GERAN and the A and/or Gb interfaces.

Iu mode:  mode of operation of the MS when connected to the Core Network via GERAN or UTRAN and the Iu interface.

Iur interface: the logical interface between two UTRAN RNSs.
Iur-g interface: the logical interface between two BSSs or a BSC and an RNC and it is only considered in Iu mode
GSM and GERAN A/Gb mode can be used interchangeably.
UMTS and GERAN-Iu can be used interchangeably.
SRNSS and SBSS can be used interchangeably.
6
General description of the procedures for intra - MSC handovers

This clause gives a brief overview of the procedures that shall be followed when performing Intra-MSC handovers. Detailed explanation of these procedures can be found in 3GPP TS 48.008 [5] and 3GPP TS 24.008 [10].

There are two types of handover that can be considered which involve a BSS and single MSC. These are Internal Handover and External Handover. An Internal Handover is a handover which takes place between channels on a cell or cells controlled by a single BSS, without reference to the MSC, although the MSC maybe informed of its occurrence. This case is not considered in the present document.

Handovers between channels on the same cell or between cells on the same BSS which are controlled by the MSC are termed External Handovers and use identical procedures to those for Intra-MSC handovers. Only the Intra-MSC handover case will be considered in the present document.

Handovers from a BSS to an RNS controlled by the same 3G_MSC are intra-3G_MSC GSM to UMTS handovers. Handovers from an RNS to a BSS controlled by the same 3G_MSC are intra-3G_MSC UMTS to GSM handovers.

There are two types of handover in UMTS: soft handover and hard handover. The first one is fully performed within UTRAN, without involving the core network. The second one may be also performed within UTRAN/GERAN or between GERAN and UTRAN, or the core network may be involved if the Iur interface between RNSs does not exist. This case of hard handover involving the core network is the only one that is covered in the present document, together with SRNS relocation with Iur interface.

6.2.3
Procedure for Intra-3G_MSC SRNS Relocation

The procedure for a successful Intra-3G_MSC SRNS Relocation is shown in figures 10 and 11. SRNS Relocation is used to relocate the serving RNS functionality from one RNS to another. The procedure may or may not involve change of the radio resources assigned for the corresponding UE. Whether or not the Relocation includes change of radio resources assigned for the UE does not affect the SRNS Relocation procedure in the Core Network.

In case of subsequent Intra-3G_MSC-B SRNS relocation the following applies:

-
If 3G_MSC-B has previously received an order to perform location reporting at change of Service Area from 3G_MSC-A and if 3G_MSC-B also supports Location Reporting Control, it shall issue the Location Report Control message towards the target RNS immediately after successful completion of relocation. Upon receipt of Location Report, 3G_MSC-B shall forward it towards 3G_MSC-A via E interface. 


If 3G_MSC-B supports location reporting at change of Service Area and if encapsulated BSSAP signalling is used on the E-interface, 3G_MSC-B shall always initiate the Location Reporting Control procedure at change of Service Area towards the target RNS, since no request for Location Reporting can be received from MSC-A. In that case the Location Reporting Control procedure shall be initiated by 3G_MSC-B after the Relocation Resource Allocation procedure has been executed successfully. The change of Service Area shall be reported to MSC-A within A_HANDOVER_PERFORMED message.

It is assumed that selection of a candidate UE has already taken place within RNS based upon the criteria presenting in clause 5. The exact algorithm, in RNS, for determining a candidate UE is not addressed in the present document. The procedure discussed does not make use of the Mobile Application Part (MAP), represented by signalling function 4 in figures 4 and 6. The procedure described in this clause covers case ii).
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Figure 10 Basic intra-3G_MSC SRNS Relocation Procedure
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Figure 11 Basic intra-3G_MSC SRNS Relocation Procedure combined with hard change
of radio resources (Hard Handover with switch in the Core Network)

6.2.3.1
With no bearer or one bearer

The successful operation of the procedure is as follows. When the Serving RNS (RNS-A) makes the decision to perform the SRNS Relocation procedure it will send an IU-RELOCATION-REQUIRED message to the 3G_MSC (3G_MSC‑A). The IU-RELOCATION-REQUIRED message shall contain the identifier of the target RNS to which the Relocation is to be performed. When the 3G_MSC‑A receives the IU-RELOCATION-REQUIRED message it shall begin the process of relocating the serving RNS functionality to the new RNS (RNS-B). The 3G_MSC‑A shall generate an IU-RELOCATION-REQUEST message to the selected RNS (RNS-B). When RNS-B receives the IU-RELOCATION-REQUEST message it shall take the necessary action to establish the new Iu transport bearers for each Radio Access Bearer related to 3G_MSC‑A for the UE in question, this is detailed in the 3GPP TS 25.430 series and 3GPP TS 25.413 [11].
Once resource allocation has been completed by RNS-B it shall return an IU-RELOCATION-REQUEST-ACKNOWLEDGE to 3G_MSC‑A. When this message is received by 3G_MSC‑A, and 3G_MSC‑A is ready for the move in Serving RNS functionality, it shall indicate the completion of the preparation phase on the core network side for the SRNS Relocation. An IU-RELOCATION-COMMAND message is sent by 3G_MSC‑A to RNS-A. RNS-A acts as follows:

i)
if the procedure is a SRNS Relocation without change of radio resources, which means that the Iur interface between RNS-A and RNS-B can be used for the procedure, the RNS-A shall send IUR-SRNS-RELOCATION-COMMIT message to the RNS-B to trigger the Relocation execution. See figure 10.

ii)
if the procedure is a SRNS Relocation with change of radio resources, which means that the Iur interface between RNS-A and RNS-B is not used for the procedure, the RNS-A shall trigger the handover procedure on the air interface by sending the RRC-HANDOVER-COMMAND to the UE. The UE will then access the new radio resources. See figure 11.
NOTE:
The IU-RELOCATION-REQUEST-ACKNOWLEDGE from RNS-B may optionally contain a transparent container, which is transferred by 3G_MSC‑A to the RNS-A using the IU‑RELOCATION-COMMAND message.

When the relocation execution trigger is received, RNS-B shall then take the necessary action to assume the role of Serving RNS and shall send an IU-RELOCATION-DETECT message to 3G_MSC‑A. When the UE is successfully in communication with the RNS-B, then RNS-B shall send an IU-RELOCATION-COMPLETE message to 3G_MSC‑A.

After 3G_MSC‑A has received the IU-RELOCATION-COMPLETE message from RNS-B, it shall begin to release the resources associated to the RNS-A. In figures 10 and 11, the resources are released by using the IU‑RELEASE‑COMMAND sequence.

If a failure occurs during the SRNS Relocation attempt, then 3G_MSC‑A will terminate the relocation to RNS-B. For example, if IU-RELOCATION-FAILURE is returned from RNS-B then 3G_MSC‑A will terminate the relocation to RNS-B and send IU-RELOCATION-PREPARATION-FAILURE to RNS-A. If IU-RELOCATION-CANCEL is returned from RNS-A, then 3G_MSC‑A will terminate the relocation to RNS-B and send IU-RELOCATION-CANCEL-ACKNOWLEDGE to RNS-A.

In all cases the existing connection to the UE shall not be cleared.
During the period that the UE is not in communication with the network, 3G_MSC‑A shall queue all appropriate messages. All messages shall be delivered to the UE once communication is resumed. In the case of an Intra-3G_MSC SRNS Relocation (with or without change of  radio resources) on 3G_MSC‑B, then the messages shall be queued by 3G_MSC‑B.

8.1
Handover UMTS to GSM

The following clauses describe two options for the Basic and Subsequent UMTS to GSM Handover procedures. The first, as described in clauses 8.1.1 and 8.1.3 respectively, provides for a circuit connection between 3G_MSC‑A and 3G_MSC‑B. The second, as described in clauses 8.1.2 and 8.1.4 respectively, provides for a Basic and Subsequent Handover without the provision of a circuit connection between 3G_MSC‑A and 3G_MSC‑B. 3G_MSC can also be a pure GSM MSC.

In all the above mentioned clauses, the following principles apply:

-
during the handover resource allocation, only the handover related messages that are part of the applicable BSSAP subset - as defined in 3GPP TS 09.08 [7] - shall be transferred on the E-interface;

-
the trace related messages that are part of the applicable BSSAP subset - as defined in 3GPP TS 09.08- can be sent by the 3G_MSC‑A on the E-interface after successful handover resource allocation. In the clauses 8.1.1 and 8.1.2, it is however allowed at basic handover initiation on the E-Interface to transfer one trace related message that is part of the applicable BSSAP subset - as defined in 3GPP TS 09.08 [7] - together with the applicable handover related message. The applicable handover related message shall always appear as the first message;

-
during the handover execution, i.e. while the UE/MS is not in communication with the network, the 3G_MSC‑A shall queue all outgoing BSSAP/Direct Transfer messages until the communication with the UE/MS is resumed;

-
finally, during supervision, i.e. while the UE/MS is not in the area of 3G_MSC‑A after a successful Inter-3G_MSC handover, the subset of BSSAP procedures and their related messages - as defined in 3GPP TS 09.08 [7] - shall apply on the E-Interface;

· during the intra-3G_MSC -B handover execution, if any, the 3G_MSC -B shall queue all outgoing BSSAP messages until the communication with the UE/MS is resumed.
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