Page 1



3GPP TSG-GERAN Meeting #35bis 
(
G2-070366
Sophia-Antipolis, FRA, 8-10 October 2007

	CR-Form-v9.3

	CHANGE REQUEST

	

	(

	43.129
	CR
	Draft
	(

rev
	-
	(

Current version:
	7.2.0
	(


	

	For HELP on using this form look at the pop-up text over the (
 symbols. Comprehensive instructions on how to use this form can be found at http://www.3gpp.org/specs/CR.htm.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(

	Support for Inter-Domain Handover

	
	

	Source to WG:
(

	Telefon AB LM Ericsson

	Source to TSG:
(

	G2

	
	

	Work item code:
(

	GELTE
	
	Date: (

	10/10/2007

	
	
	
	
	

	Category:
(

	B
	
	Release: (

	Rel-8

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)
Rel-7
(Release 7)
Rel-8
(Release 8)

	
	

	Reason for change:
(

	The reason for introducing Inter-Domain Handover is to allow for Fallback to CS when a voice over IP call in the PS Domain, anchored in the IMS, shall be moved to the CS Domain.
Some reasons for when Fallback to CS is needed have been presented in the Liaison Statement GP-070138, these include:

· Network Configuration

The target Cell decides in which Domain a certain VoIP call shall continue during the handover preparation phase based on its capabilities and supported features (i.e. knowledge that may be unavailable in the node operating the source Cell).
· Dynamic conditions

When the GERAN supports continuation of voice services in both the PS Domain and the CS Domain, the decision regarding the Domain in which a certain call shall continue can vary between cells and over time.

· Network Sharing

The Cell from which a VoIP call shall be handed over could be run by a different operator than the operator running the receiving Cell. The operator of the target GERAN network should have the possibility to decide if the call receiving handover treatment shall be served in the PS or the CS domain.



	
	

	Summary of change:
(

	The proposed solution suggests the inclusion of a new Handover Command (the Inter-Domain Handover Command) that carries resource descriptions for both PS and CS resources. PS Handover is a prerequisite.

The solution is a “changing room” solution, i.e. the UE will first tune to the included PS resources and utilise these for speech during the time it takes to establish the CS resources.
The CS resources will be allocated according to the MSs DTM Multislot Class already in the preparation phase of PS Handover. The target BSS can identify that the connection is used for packet switched speech services through e.g. the Source Statistics Descriptor part of the ABQP.
The MS uses normal call establishment procedures to establish on the CS resource after completed PS Handover and completes the transition from the PS resource to the CS resource by VCC as described in 3GPP TS 23.206.

	
	

	Consequences if 
(

not approved:
	There will be no way for a VoIP call, going on in the PS Domain, to be handed over to the CS Domain of GERAN.

	
	

	Clauses affected:
(

	2, 3, 4.3.7.1, 5.1, 5.3, 5.6.1, 5.8.2, 6.1.2, 6.3

	
	

	
	Y
	N
	
	

	Other specs
(

	
	X
	 Other core specifications
(

	

	affected:
	
	X
	 Test specifications
	

	
	
	X
	 O&M Specifications
	

	
	

	Other comments:
(

	


********************** First modified section **************************

2
References

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

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

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 22.105: "Services and service capabilities".

[3]
3GPP TS 22.060: "General Packet Radio Service (GPRS); Service description; Stage 1".

[4]
3GPP TS 43.064: "Overall description of the GPRS radio interface; Stage 2".

[5]
3GPP TS 25.922: "Radio Resource Management strategies".

[6]
3GPP TS 23.107: "Quality of Service (QoS) concept and architecture".

[7]
3GPP TS 44.060: "General Packet Radio Service (GPRS); Mobile Station (MS) - Base Station System (BSS) interface; Radio Link Control/Medium Access Control (RLC/MAC) protocol".

[8]
ITU-T Recommendations I.130: "Method for the characterization of telecommunication services supported by an ISDN and network capabilities of an ISDN".

[9]
ITU-T Recommendation Q.65: "The unified functional methodology for the characterization of services and network capabilities".

[10]
3GPP TS 48.018: "General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support Node (SGSN); BSS GPRS Protocol".

[11]
3GPP TS 29.060: "General Packet Radio Service (GPRS); GPRS Tunnelling Protocol (GTP) across the Gn and Gp interface".

[12]
3GPP TS 23.003: "Numbering, addressing and identification".

[13]
3GPP TS 25.401: "UTRAN overall description".

[14]
3GPP TS 43.051: "GSM/EDGE Radio Access Network (GERAN) overall description; Stage 2".

[15]
3GPP TS 24.008: "Mobile radio interface Layer 3 specification; Core network protocols; Stage 3".

[16]
3GPP TS 44.118: "Mobile radio interface layer 3 specification, Radio Resource Control (RRC) protocol; Iu mode".

[17]
3GPP TS 25.331: "Radio Resource Control (RRC) protocol specification".

[18]
3GPP TS 24.007: "Mobile radio interface signalling layer 3; General Aspects".

[19]
3GPP TS 23.060: "General Packet Radio Service (GPRS); Service description; Stage 2".

[20]
3GPP TS 23.108: "Mobile radio interface layer 3 specification core network protocols; Stage 2 (structured procedures)".

[21]
3GPP TS 44.064: "Mobile Station - Serving GPRS Support Node (MS-SGSN) Logical Link Control (LLC) Layer Specification".

[22]
3GPP TS 23.236: "Intra-domain connection of Radio Access Network (RAN) nodes to multiple Core Network (CN) nodes".

[23]
3GPP TS 25.413: "UTRAN Iu interface Radio Access Network Application Part (RANAP) signalling".

[24]
Void.

[25]
3GPP TS 44.018: "Mobile radio interface layer 3 specification; Radio Resource Control (RRC) protocol".

[26]
3GPP TS 45.010: "Radio subsystem synchronization".

[27]
3GPP TS 33.102: “Security architecture”.

[28]
3GPP TS 44.318: “Generic access to the A/Gb interface; Mobile GA interface layer 3 specification”.

[29]
3GPP TS 43.318: “Generic access to the A/Gb interface; Stage 2”.

[30]
3GPP TS 23.206: “Voice Call Continuity (VCC) between Circuit Switched (CS) and IP Multimedia Subsystem (IMS); Stage 2”.

********************** Next modified section **************************

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply:

Active PFCs: that subset of the PFCs to be handed over, for which the source BSS has determined that resources should be allocated in the target cell during the PS Handover preparation phase.
A/Gb mode: MS mode operation where the MS is connected to the Core Network via GERAN and the A and/or Gb interfaces.

Blind Transmission: refers to the decision made by the SGSN to start the transmission of downlink N-PDUs or by the target BSS/GANC to start the transmission of downlink LLC PDUs for a given mobile station before receiving confirmation that the PS handover procedure has been successfully completed.

GAN Mode: MS mode of operation where the MS is connected to the Core Network via a GANC and the A and/or Gb interfaces.
Inter-Domain Handover: type of PS Handover where CS resources, and optionally new PS resources, are allocated and sent to the MS in the Inter-Domain Handover Command message at the start of the Execution Phase. During Inter-Domain Handover, the MS shall first establish on new PS radio resources, if included in the Inter-Domain Handover Command, and secondly move the voice component of the ongoing PS connection to the included CS radio resources according to the Domain Transfer procedure as specified in 3GPP TS 23.206 [30]. The target BSS may use e.g. the Source Statistics Descriptor of the ABQP to determine if an ongoing PS connection includes a voice component.
PFC subject to handover:  refers to an MS’s PFC for which the packet switched handover procedure is to be initiated when a cell change is required. Whether a PFC needs handover or not is decided by the BSS. This decision criteria is not standardized.

********************** Next modified section **************************

4.3.7.1
PS handover signalling messages on the Um interface

The signalling messages used on the Um interface are:

· PS Handover Command (BSS -> MS).

· Packet Control Acknowledgement (MS -> BSS).

· PS Handover Access - Access Bursts (MS -> BSS).

· Packet Physical Information (BSS->MS).
· Inter-Domain Handover Command (BSS -> MS)
********************** Next modified section **************************

5
Signalling procedures

5.1
GERAN (A/Gb mode) ( GERAN (A/Gb mode) handover

5.1.1
Intra Cell

Intra Cell PS Handover will be needed in cases when a new channel is selected in the same cell to be used by the MS. This is handled by the BSS internally and if there are no changes in the new channel there is no need for BSS to notify the SGSN about the change of channel.

BSS/SGSN signalling will be needed in case the new channel has limited resources and cannot support the same QoS, for the BSS PFC as the old channel.

For these purpose existing modification procedures on the Um and Gb interface are used, e.g. PACKET TIMESLOT RECONFIGURE (3GPP TS 44.060 [7]) on the air interface and MODIFY BSS PFC (3GPP TS 48.018 [10]) procedure on the Gb interface.

If the modification procedures fail BSS may cancel the intra cell PS handover procedure.
An Inter-Domain Handover can also be performed within the same cell, this type of Intra Cell PS Handover is also handled by the BSS internally and there is no need for the BSS to notify the SGSN about the change of Domain. The MS is ordered to move the voice component of the ongoing PS connection to CS resources included in the Inter-Domain Handover Command message. 
5.1.2
Intra BSS

5.1.2.1
General

This clause is further split into two clauses. The first describes an intra-BSS handover procedure based largely on the inter-BSS handover procedure. The second section describes an optional optimised intra-BSS handover procedure. When the source and target cells are within the same BSS the handover can be either executed by the BSS itself (optimised handover) or by involving the SGSN in the preparation phase. In the latter case although handover is performed within one BSS the roles of source BSS and target BSS are the same as in Inter BSS Handover.

5.1.2.2
Intra BSS HO; Preparation phase
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Figure 4: PS Handover Preparation Phase; Intra-BSS case (GERAN A/Gb mode ( GERAN A/Gb mode)

1.
The BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between the MS and BSS, BSSGP PFCs tunnel(s) between the BSS and SGSN, GTP tunnel(s) between the SGSN and GGSN.

2.
The BSS sends a PS Handover Required (Old TLLI, Cause, Source Cell Identifier, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), Active PFCs List) message to the SGSN.
3.
The SGSN determines from the Target Cell Identifier the type of handover, i.e. intra-SGSN, inter-SGSN or inter-RAT/mode handover and whether the routing area has changed. In case of no change of routing area, the SGSN sends a PS Handover Request (TLLI, Cause, IMSI, Source Cell Identifier, Target Cell Identifier, PFCs To Be Set Up List, Source BSS to Target BSS Transparent Container (RN part)) message to the BSS. In case when the routing area changes the SGSN allocates a new P-TMSI for this MS and derives a local TLLI from this P-TMSI prior to the sending of the PS Handover Request message. The SGSN shall only request resources for PFCs that are included in the Active PFCs List.

NOTE:
The BSS PFCs required to be set up are downloaded to the target BSS from the SGSN, i.e. all information required for PFC creation.
4.
Based upon the ABQP for each PFC the BSS makes a decision about which PFCs to assign radio resources. The algorithm by which the BSS decides which PFCs that need resources is implementation specific. Due to resource limitations not all downloaded PFCs will necessarily receive resource allocation. The BSS allocates TBFs for each PFC that can be accommodated. The BSS may at this point decide that the voice component of the connection shall be transferred to the CS Domain, in this case the Target BSS will allocate both PS and CS radio resources. The CS and PS radio resources must be allocated according to the mobile stations DTM multislot class (see 3GPP TS 45.002).
After allocating radio resources the target BSS shall prepare the Target BSS to Source BSS Transparent Container for the set up BSS PFCs. The Target BSS to Source BSS Transparent Container contains either a PS Handover Command message or an Inter-Domain Handover Command message including the CN part (NAS container for PS HO) and the RN part (PS Handover Radio Resources).
5.
The BSS shall send the PS Handover Request Acknowledge (TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container (PS Handover Command with RN part)) message to the SGSN. Upon sending the PS Handover Request Acknowledge message the BSS shall be prepared to receive downlink LLC PDUs directed to the new cell and associated with the accepted PFCs.


When the SGSN receives the PS Handover Request Acknowledge message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
5.1.2.3
Intra BSS HO; Execution phase
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Figure 5: PS Handover Execution Phase; Intra-BSS case (GERAN A/Gb mode ( GERAN A/Gb mode)

1.
The SGSN continues to receive GTP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the BSS.


When receiving the PS Handover Request Acknowledge message the SGSN may, based on QoS, start duplication of LLC PDUs and forward those to the new cell in the BSS. If the SGSN forwards downlink packets to the new cell in the BSS, the BSS may start blind transmission of downlink user data towards the MS over the allocated radio channels.

2.
The SGSN continues the PS Handover by sending a PS Handover Required Acknowledge (Old TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container (PS Handover Command or Inter-Domain Handover Command with RN part)) message to the BSS.


Before sending the PS Handover Required Acknowledge message, the SGSN, based on QoS, may suspend downlink data transfer for any PDP contexts.


Before sending the PS Handover Command or the Inter-Domain Handover Command message to the MS the BSS, based on QoS, may try to empty the downlink BSS buffer for any BSS PFCs.

NOTE 1:
Only PFI(s) for PFCs accepted by the target cell are included in the message.

3.
The BSS sends the PS Handover Command or the Inter-Domain Handover Command (RN part) message to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs. Following the transmission of this signalling message the BSS may resume LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS is not required to continue data reception in the source cell. The MS shall suspend the uplink transmission of user plane data. MS management of uplink N‑PDUs following the reception of the PS Handover Command/Inter-Domain Handover Command message is as follows:
· All uplink packets associated with a PFC receiving handover treatment that have not yet been fully transmitted might be buffered depending on the QoS class.

· Subsequent uplink packets that become available for transmission following the reception of the PS Handover Command/Inter-Domain Handover Command message might also be buffered depending on the QoS class.

· The MS may discard uplink packets during the link interruption to preserve the real-time properties.

4.
The MS tunes to the packet switched radio channel and the timeslot allocated in the target cell by the BSS and may send the PS Handover Access (Handover Reference) message in the form of four handover access bursts to the BSS on the allocated channel. The PS Handover Command/Inter-Domain Handover Command message indicates whether or not the MS shall send PS Handover Access messages.

5.
The BSS sends a Packet Physical information message to the MS containing update of the timing advance  for the MS to synchronize.

NOTE 2:
In the case of pre-synchronised handover the MS may receive the timing advance information to use in uplink in the target cell in the PS Handover Command/Inter-Domain Handover Command message (if no timing advance information is included, the mobile station uses a default timing advance in the target cell). In a pre-synchronised or synchronised handover, the Packet Physical information message is not sent in the target cell.

6.
The MS sends uplink LLC PDUs, e.g. a Routing Area Update Request message or uplink user data packets to the SGSN immediately after receiving the Packet Physical Information message or, in a synchronised or pre-synchronised handover, immediately if the PS Handover Access message is not required to be sent (see Section 6.2).

The MS shall resume the user data transfer only for those NSAPIs for which radio resources are allocated in the target cell. For NSAPIs using LLC ADM for which radio resources were not allocated in the target cell the MS may request radio resources using the legacy procedures.

7.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the MS the BSS sends a PS Handover Complete (TLLI, IMSI) message to inform the SGSN that the MS has arrived in the target cell. After the reception of the PS Handover Complete message the SGSN shall initiate the BSS PFC procedures to delete the BSS PFC in the BSS controlling the source cell and shall be prepared to receive data from the new cell. The source BSS initiates the release of the radio resources in the source cell after receiving the DELETE-BSS-PFC PDU from the SGSN.
8.
In case an Inter-Domain Handover Command message was sent by the BSS in step 3, the MS initiates the establishment of the main signalling link by sending an RR SABM (including an MM CM Service Request) message on the CS resources assigned in step 3 (this step shall include the initiation of Ciphering and optionally Authentication).

9.
In case an Inter-Domain Handover Command message was sent by the BSS in step 3 and when the establishment of the main signalling link is completed, the MS starts the Domain Transfer procedure as specified in 3GPP TS 23.206 and moves the voice component of the connection to the allocated CS resources.
If Routing Area Update occurs after completion of the execution phase, then the CAMEL procedure calls shall be performed according to 3GPP TS 23.060.

5.1.2.4
Intra BSS Handover - Optimised

This clause describes the optimised intra-BSS PS handover procedures applicable for the case where the source and target cells are associated with the same Network Service Entity (NSE) and the same Routing Area (RA). The optimisation involves the BSS providing the data forwarding function and does not require any explicit signalling with the SGSN except the sending of PS Handover Complete at the end of PS Handover. Support for this procedure is optional for the BSS.

Supporting this procedure requires that the BSS be able to determine whether or not it manages PS resources for the target cell, whether or not the target cell is associated with the same NSE, that it can internally forward LLC PDUs from the source to the target cell and whether or not both cells are part of the same RA (i.e. the SGSN is not required to make this determination and relay this information). If the BSS cannot make these determinations it shall use the non-optimised intra-BSS PS handover procedures described in clauses 5.1.2.2 and 5.1.2.3.
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Figure 6: Optimised Intra-BSS PS Handover (same NSE and same RA)

1.
The BSS decides that a handover is required based on e.g. received measurement reports.

2.
The BSS determines that it manages resources for both cells and that they are associated with the same (NSE) and the same RA. The BSS applies data forwarding (from the old cell to the new cell) for PFCs that it determines are to receive PS handover treatment.

NOTE 1:
The MS does not know if optimised or non-optimised intra-BSS PS handover procedures are used.

3.
The BSS sends the PS Handover Command or the Inter-Domain Handover Command (RN part) message to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs. Following the transmission of this signalling message the BSS may resume LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS is not required to continue data reception in the source cell. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS shall suspend the uplink transmission of user plane data. MS management of uplink N‑PDUs following the reception of the PS Handover Command/Inter-Domain Handover Command message is as follows:

· All uplink packets associated with a PFC receiving handover treatment that have not yet been fully transmitted might be buffered depending on the QoS class.

· Subsequent uplink packets that become available for transmission following the reception of the PS Handover Command/Inter-Domain Handover Command message might also be buffered depending on the QoS class.

· The MS may discard uplink packets during the link interruption to preserve the real-time properties.

4.
The MS tunes to the packet switched radio channel and the timeslot allocated in the target cell by the BSS and if so required by the BSS (see sub-clause 6.2) sends the PS Handover Access (Handover Reference) message in the form of four handover access bursts to the BSS on the allocated channel. The PS Handover Command/Inter-Domain handover Command message indicates whether the PS Handover Access message shall be sent by the MS.

5.  Upon receipt of the PS Handover Access message, based on the Handover Reference, the BSS sends the Packet Physical Information message, if needed (see sub-clause 6.2), with the timing advance to the MS for the MS to synchronise.

NOTE 2:
In the case of pre-synchronised handover the MS may receive the timing advance information to use in uplink in the target cell in the PS Handover Command/Inter-Domain Handover Command message (if no timing advance information is included, the mobile station uses a default timing advance in the target cell). In a pre-synchronised or synchronized handover the Packet Physical information message is not sent in the target cell.
6.
The MS sends uplink LLC PDUs, e.g. uplink user data packets, in the allocated channel to the BSS.

The MS shall resume the user data transfer only for those NSAPIs for which there are radio resources allocated in the target cell. For NSAPIs using LLC ADM for which radio resources were not allocated in the target cell the MS may request radio resources using the legacy procedures.

7.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the MS, the BSS releases the radio resources in the source cell and sends, on the target cell BVCI, the PS Handover Complete (TLLI, IMSI, Target Cell Identifier) message to the SGSN in order to indicate that the BSS has performed an internal handover. In this case, the target cell is indicated in the PS Handover Complete message.

8.
Once the BSS has correctly identified the MS, it sends a Packet Uplink Ack/Nack message (see 3GPP TS 44.060) indicating the status of the received RLC data blocks.

9.  The reception of the PS Handover Complete message at the SGSN triggers the sending of downlink data to the new cell using a new BVCI. The first DL PDU received by the BSS with the new-BVCI allows the BSS to clear the relationship to the old BVCI. 
10.
In case an Inter-Domain Handover Command message was sent by the BSS in step 3, the MS initiates the establishment of the main signalling link by sending an RR SABM (including an MM CM Service Request) message on the CS resources assigned in step 3 (this step shall include the initiation of Ciphering  and optionally Authentication).

11.
In case an Inter-Domain Handover Command message was sent by the BSS in step 3 and when the establishment of the main signalling link is completed, the MS starts the Domain Transfer procedure as specified in 3GPP TS 23.206 and moves the voice component of the connection to the allocated CS resources.
The reception of the PS handover Complete message indicates to the SGSN that there is no need to wait for the Cell Update sent from the MS to the SGSN. 

NOTE 3:
It is assumed here that downlink flow control is carried out on a per PFC basis and that the PFC specific flow control parameters remain the same upon MS arrival in the target cell.

5.1.3
Intra SGSN

5.1.3.1
Intra SGSN/Inter BSS HO, Preparation phase
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Figure 7: PS Handover Preparation Phase; Intra-SGSN/Inter-BSS case

(GERAN A/Gb mode ( GERAN A/Gb mode)

1.
The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between the source BSS and SGSN, GTP tunnel(s) between the SGSN and GGSN.

2.
The source BSS sends a PS Handover Required (Old TLLI, Cause, Source Cell Identifier, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), Active PFCs List) message to the SGSN.

3.
The SGSN determines from the Target Cell Identifier the type of handover, i.e. intra-SGSN, inter-SGSN or inter-RAT/mode handover and whether the routing area has changed. In case of no change of routing area, the SGSN sends a PS Handover Request (TLLI, Cause, IMSI, Source Cell Identifier, Target Cell Identifier, PFCs To Be Set Up List, Source BSS to Target BSS Transparent Container (RN part)) message to the target BSS. In case of Intra-SGSN PS handover when the routing area changes, the SGSN shall assign a new P-TMSI for the MS and derive a local TLLI prior to the sending of the PS Handover Request message. The SGSN shall only request resources for PFCs that are included in the Active PFCs List.

NOTE 1:
The BSS PFCs required to be set up are downloaded to the target BSS from the SGSN, i.e. all information required for PFC creation.

4.
Based upon the ABQP for each PFC the target BSS makes a decision about which PFCs to assign radio resources. The algorithm by which the BSS decides which PFCs that need resources is implementation specific. Due to resource limitations not all downloaded PFCs will necessarily receive resource allocation. The target BSS allocates TBFs for each PFC that can be accommodated by the target BSS. The target BSS may at this point decide that the voice component of the connection shall be transferred to the CS Domain, in this case the Target BSS will allocate both PS and CS radio resources. The CS and PS radio resources must be allocated according to the mobile stations DTM multislot class (see 3GPP TS 45.002).

After allocating radio resources the target BSS shall prepare the Target BSS to Source BSS Transparent Container for the set up BSS PFCs. The Target BSS to Source BSS Transparent Container contains either a PS Handover Command message or an Inter-Domain Handover Command message including the CN part (NAS container for PS HO) and the RN part (PS Handover Radio Resources).
5.
The target BSS sends the PS Handover Request Acknowledge (TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container (PS Handover Command with RN part)) message to the SGSN. Upon sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the SGSN for the accepted PFCs.


When the SGSN receives the PS Handover Request Acknowledge message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
5.1.3.2
Intra SGSN/Inter BSS HO, Execution phase
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Figure 8: PS Handover Execution Phase; Intra-SGSN/Inter-BSS case

(GERAN A/Gb mode ( GERAN A/Gb mode)

1.
The SGSN continues to receive GTP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source BSS.

2.
When receiving the PS Handover Request Acknowledge message the SGSN may, based on QoS, start duplication of LLC PDUs and forward those to the target BSS. If the SGSN forwards downlink packets to the target BSS, the target BSS may start blind transmission of downlink user data towards the MS over the allocated radio channels.

3.
The SGSN continues the PS Handover by sending a PS Handover Required Acknowledge (Old TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container (PS Handover Command or Inter-Domain Handover Command with RN part)) message to the source BSS.


Before sending the PS Handover Required Acknowledge message, the SGSN, based on QoS, may suspend downlink data transfer for any PDP contexts.


Before sending the PS Handover Command or the Inter-Domain Handover Command message to the MS the source BSS, based on QoS, may try to empty the downlink BSS buffer for any BSS PFCs.

NOTE 1:
Only PFI(s) for PFCs accepted by the target cell are included in the message.

4.
The source BSS sends the PS Handover Command or the Inter-Domain Handover Command (RN part) message to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs. Following the transmission of this signalling message the source BSS may resume LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS is not required to continue data reception in the source cell. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS shall suspend the uplink transmission of user plane data. MS management of uplink N-PDUs following the reception of the PS Handover Command/Inter-Domain Handover Command message is as follows:
· All uplink packets associated with a PFC receiving handover treatment that have not yet been fully transmitted might be buffered depending on the QoS class.

· Subsequent uplink packets that become available for transmission following the reception of the PS Handover Command/Inter-Domain Handover Command message might also be buffered depending on the QoS class.

· The MS may discard uplink packets during the link interruption to preserve the real-time properties.

5.
The MS tunes to the packet switched radio channel and the timeslot allocated in the target cell by the BSS and may send the PS Handover Access (Handover Reference) message in the form of four handover access bursts to the BSS on the allocated channel. The PS Handover Command/Inter-Domain Handover Command message indicates whether or not the MS shall send PS Handover Access messages.
6.
The target BSS sends a Packet Physical information message to the MS containing the timing advance for the MS to synchronise.

NOTE 2:
In the case of pre-synchronised handover the MS may receive the timing advance information to use in uplink in the target cell in the PS Handover Command/Inter-Domain Handover Command message (if no timing advance information is included, the mobile station uses a default timing advance in the target cell). In a pre-synchronised or synchronized handover, the Packet Physical Information message is not sent in the target cell.
7.
The MS sends uplink LLC PDUs, e.g. a Routing Area Update Request message or uplink user data packets to the SGSN immediately after receiving the Packet Physical Information message or, in a synchronised or pre-synchronised handover, immediately if the PS Handover Access message is not required to be sent (see Section 6.2).


The MS shall resume the user data transfer only for those NSAPIs for which there are radio resources allocated in the target cell. For NSAPIs using LLC ADM for which radio resources were not allocated in the target cell the MS may request for radio resources using the legacy procedures.

8.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the MS the target BSS sends a PS Handover Complete (TLLI, IMSI) message to inform the SGSN that the MS has arrived in the target cell. After the reception of the PS Handover Complete message the SGSN shall initiate the BSS PFC procedures to delete the BSS PFC in the BSS controlling the source cell and shall be prepared to receive data from the new cell. The source BSS initiates the release of the radio resources in the source cell after receiving the DELETE-BSS-PFC PDU from the SGSN.
9.
In case an Inter-Domain Handover Command message was sent by the BSS in step 4, the MS initiates the establishment of the main signalling link by sending an RR SABM (including an MM CM Service Request) message on the CS resources assigned in step 4 (this step shall include the initiation of Ciphering and optionally Authentication).

10.
In case an Inter-Domain Handover Command message was sent by the BSS in step 4 and when the establishment of the main signalling link is completed, the MS starts the Domain Transfer procedure as specified in 3GPP TS 23.206 and moves the voice component of the connection to the allocated CS resources.
If Routing Area Update occurs after completion of the execution phase, then the CAMEL procedure calls shall be performed according to 3GPP TS 23.060.

5.1.4
Inter SGSN

5.1.4.1
Inter SGSN HO, Preparation phase
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Figure 9: PS Handover Preparation Phase; Inter-SGSN case (GERAN A/Gb mode ( GERAN A/Gb mode)

1.
The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between source BSS and old SGSN, GTP tunnel(s) between old SGSN and GGSN.

2.
The source BSS sends a PS Handover Required (Old TLLI, Cause, Source Cell Identifier, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), Active PFCs List) message to the old SGSN.

3.
The old SGSN determines from the Target Cell Identifier that the type of handover is inter-SGSN. In case of inter-SGSN PS Handover, the old SGSN initiates the PS Handover resource allocation procedure by sending a Forward Relocation Request (IMSI, Cause, Source Cell Identifier, Target Cell Identifier, MM Context, PDP Contexts, Packet Flow ID, SNDCP XID parameters, LLC XID parameters, Tunnel Endpoint Identifier for the Control Plane, SGSN Address for the control plane, Source BSS to Target BSS Transparent Container (RN part) in the BSS container, PDP Context Prioritisation) message to the new SGSN. The old SGSN sends all active PDP contexts to the new SGSN indicating the PFIs and the XID parameters related to those PDP contexts. Each PDP context contains the GGSN Address for the User Plane and the Uplink TEID for Data (to this GGSN Address and Uplink TEID for Data the old SGSN and the new SGSN send uplink packets).

The MM context contains security related information, e.g. used ciphering algorithm and ciphering key as decribed in 3GPP TS 29.060 [11]. The relation between GSM and UMTS security parameters is defined in 3GPP TS 33.102 [27].

The Ciphering key used by the old SGSN is reused by the new SGSN until a new authentication procedure is performed (see clause 5.1.4.2, bullet 13).

If the new SGSN does not support the indicated ciphering algorithm, the new SGSN has to select a new ciphering algorithm. This new algorithm will be sent transparently from the new SGSN to the MS. The IOV-UI parameter generated in the new SGSN and used as input to the ciphering procedure will also be transferred transparently from the new SGSN to the MS.

When the new SGSN receives the Forward Relocation Request message it extracts from the PDP Contexts the associated NSAPIs, SAPIs and PFIs to be used in the new SGSN. In case when the new SGSN does not support the same SAPI and PFI indicated by the old SGSN for a certain NSAPI, the new SGSN shall continue the PS handover procedure only for those NSAPIs for which it can support the same PFI and SAPI as the old SGSN and for which it can allocate resources. All PDP contexts for which no resources are allocated by the new SGSN or for which it cannot support the same SAPI and PFI (i.e. the corresponding NSAPIs are not addressed in the Forward Relocation Response message of the target SGSN), are maintained in the new SGSN and the related SAPIs and PFIs are kept. When this occurs the packet data transfer corresponding to PDP Contexts for which new SAPI and PFI values are needed are suspended. These PDP contexts may be modified or deactivated by the new SGSN via explicit SM procedures upon the completion of the routing area update (RAU) procedure. When the required PDP, MM, SNDCP and LLC contexts are established and the mapping between NSAPI, SAPI and PFI for each of these PDP Contexts is established, the corresponding packet data transfer can continue.

If for a given PDP Context the new SGSN does not receive a PFI from the old SGSN, it shall not request the target BSS to allocate TBF resources corresponding to that PDP Context. 

If none of the PDP Contexts forwarded from the old SGSN has a valid PFI allocated the new SGSN shall consider this as a failure case and the request for PS handover shall be rejected.
The old SGSN shall indicate the current XID parameter settings (i.e. those used at the old SGSN) to the new SGSN. If the new SGSN can accept all XID parameters as indicated by the old SGSN, the new SGSN shall create a NAS container for PS HO indicating 'Reset to the old XID parameters'.

NOTE 1:
'Reset to the old XID parameters' means that the LLC and SNDCP layer are reset, except for the LLC XID parameters and SNDCP XID parameters which are re-initialized to the latest negotiated values, and the negotiated compression entities which are re-initialized.

NOTE 2: void

Otherwise the new SGSN shall create a NAS container for PS HO indicating Reset (i.e. reset to default parameters).

4. The new SGSN sends a PS Handover Request (Local TLLI, Cause, IMSI, Source Cell Identifier, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), PFCs To Be Set Up List, NAS container for PS HO) message to the target BSS. The new SGSN shall not request resources for PFCs associated with PDP contexts with a maximum bit rate for uplink and downlink of 0 kbit/s or for which the Activity Status Indicator within the PDP Context indicates that no active PFC exists on the source side.

NOTE 3:
The BSS PFCs required to be set up are downloaded to the target BSS from the new SGSN, i.e. all information required for PFC creation.

5. Based upon the ABQP for each PFC the target BSS makes a decision about which PFCs to assign radio resources. The algorithm by which the BSS decides which PFCs that need resources is implementation specific. Due to resource limitations not all downloaded PFCs will necessarily receive resource allocation. The target BSS allocates TBFs for each PFC that can be accommodated by the target BSS. The target BSS may at this point decide that the voice component of the connection shall be transferred to the CS Domain, in this case the Target BSS will allocate both PS and CS radio resources. The CS and PS radio resources must be allocated according to the mobile stations DTM multislot class (see 3GPP TS 45.002).
6. The target BSS shall prepare the Target BSS to Source BSS Transparent Container which contains a PS Handover Command or an Inter-Domain Handover Command message including the CN part (NAS container for PS HO) and the RN part (PS Handover Radio Resources).

7. The target BSS shall send the PS Handover Request Acknowledge (Local TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container) message to the new SGSN. Upon sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the new SGSN for the accepted PFCs.

8. When the new SGSN receives the PS Handover Request Acknowledge message the Forward Relocation Response (Cause, List of Set Up PFCs, Target BSS to Source BSS Transparent Container in the BSS Container, Tunnel Endpoint Identifier Control Plane, SGSN Address for the control plane, Tunnel Endpoint Identifier Data II) message is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN is ready to receive packets forwarded from the old SGSN. If the target BSS or the new SGSN failed to allocate resources this shall be indicated in the message. The Tunnel Endpoint Identifier Data II, one information for each PDP context, contains the tunnel endpoint of the new SGSN and the IP address of the new SGSN for data forwarding from the old to the new SGSN.

The new SGSN activates the allocated LLC/SNDCP engines as specified in 3GPP TS 44.064 [21] for an SGSN originated Reset or 'Reset to the old XID parameters'.


When the old SGSN receives the Forward Relocation Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
5.1.4.2
Inter SGSN HO, Execution phase
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Figure 10: PS Handover Execution Phase; Inter-SGSN case (GERAN A/Gb mode ( GERAN A/Gb mode)

1.
The old SGSN continues to receive GTP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source BSS.

2.
If a Tunnel Endpoint is available the old SGSN may, based on QoS, start N-PDU relay and duplication to the new SGSN.

· For PDP context which uses LLC ADM in the old SGSN all new downlink N-PDUs received after completion of the PS handover preparation phase are relayed to the new SGSN. All such N-PDUs are encapsulated in a GTP-PDU when transmitted to the new SGSN.

NOTE 1:
The order of steps, starting from step 2 onwards, does not necessarily reflect the order of events. For instance the old SGSN may start data forwarding (step 2), send the PS Handover Required Acknowledge message (step 4) and send the Forward SRNS Context message (step 4a) almost simultaneously.

3.
The new SGSN may, based on QoS, proceed with the packet handling as follows:

· For PDP context(s) which uses LLC ABM the new SGSN stores the N-PDUs associated with their number into the SNDCP queue. Data transfer prior the exchange of N-PDU SNs is not possible.

· For PDP context(s) which uses LLC ADM the new SGSN either

a.
forwards the received downlink N-PDUs to the target BSS;

b.
stores the received data into the SNDCP queue for e.g. the PDU lifetime;

c.
discards the received data until e.g. reception of the PS Handover Complete message.


If the new SGSN forwards downlink packets to the target BSS, the target BSS may start a blind transmission of downlink user data towards the MS over the allocated radio channels.

4.
The old SGSN continues the PS Handover procedure by sending a PS Handover Required Acknowledge (Old TLLI, PFCs Set Up List, Target BSS to Source BSS Transparent Container (PS Handover Command with RN part and CN part)) message to the source BSS.


Before sending the PS Handover Required Acknowledge message, the old SGSN, based on QoS, may suspend downlink data transfer for any PDP contexts.


Before sending the PS Handover Command or the Inter-Domain Handover Command message to the MS the source BSS, based on QoS, may try to empty the downlink BSS buffer for any BSS PFCs.

NOTE 2:
Only PFI(s) for PFCs accepted by the target cell are included in the message.

4a.
The old SGSN shall send the Forward SRNS Context (NSAPI, DL GTP-U number, UL GTP-U number) message to the new SGSN if there is at least one PDP context which requires "delivery order" to be preserved. NSAPI identifies the PDP context to which the GTP-U numbers apply.
The Forward SRNS Context message is then acknowledged by the Forward SRNS Context Acknowledge message. The Forward SRNS Context message contains the sequence numbers of the GTP-PDU next to be transmitted in the uplink and downlink direction. After the Forward SRNS Context message is sent, further uplink N-PDUs received by the old SGSN from the source BSS, relative to a PDP context which requires "delivery order" to be preserved, shall not be forwarded to the GGSN.

The GTP-U sequence numbers are only sent by the old SGSN for PDP context(s) requiring delivery order (QoS profile) to be preserved. If delivery order is to be preserved (QoS) profile), consecutive GTP-PDU sequence numbering shall be maintained through the lifetime of the PDP context(s).


Therefore, during the entire PS Handover procedure for the PDP context(s) using delivery order required (QoS profile), the responsible GTP-U entities (SGSNs and GGSN) shall assign consecutive GTP-PDU sequence numbers to user packets belonging to the same PDP context uplink and downlink, respectively.

5.
The source BSS sends the PS Handover Command or the Inter-Domain Handover Command (RN part, CN part) message to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs. The RN part and the CN part are transparent information to the BSS. Following the transmission of this signalling message the source BSS may resume LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS is not required to continue data reception in the source cell. Upon reception of the PS Handover Command/Inter-Domain Handover Command message the MS shall suspend the uplink transmission of user plane data. The MS management of uplink N-PDUs following the reception of the PS Handover Command/inter-Domain Handover Command message is as follows:
· All uplink packets associated with a PFC receiving handover treatment that have not yet been fully transmitted may be buffered depending on the QoS class. If the buffered uplink packets are transmitted in the new cell, they need to be ciphered using the new IOV-UI after the handover.

· Subsequent uplink packets that become available for transmission following the reception of the PS Handover Command/Inter-Domain Handover Command message might also be buffered depending on the QoS class.

· The MS may discard uplink packets during the link interruption to preserve the real-time properties.

6.
The MS tunes to the radio channel and the timeslot allocated in the target cell by the target BSS and may send the PS Handover Access (Handover Reference) message in the form of four handover access bursts to the target BSS on the allocated channel. The PS Handover Command/Inter-Domain Handover Command message indicates whether or not the MS shall send PS Handover Access message. The target BSS sends a Packet Physical information message to the MS containing the timing advance for the MS to synchronise.

NOTE 3:
In the case of pre-synchronised handover the MS may receive the timing advance information to use in uplink in the target cell in the PS Handover Command/Inter-Domain handover Command message (if no timing advance information is included, the mobile station uses a default timing advance in the target cell). In a pre-synchronised or synchronised handover the Packet Physical Information message is not sent in the target cell.

7./7a.
After accessing the cell using access bursts and receiving timing advance information from the BSS in step 6, the MS processes the NAS container and then sends one XID Response message to the new SGSN . The MS sends this message immediately after receiving the Packet Physical Information message or, in a synchronised or pre-synchronised handover, immediately if  the PS Handover Access message is not required to be sent (see Section 6.2).

Upon sending the XID Response message the MS shall resume the user data transfer only for those NSAPIs for which there are radio resources allocated in the target cell. For NSAPIs using LLC ADM for which radio resources were not allocated in the target cell, the MS may request for radio resources using the legacy procedures. 

NOTE 4: 
If the new SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the PS Handover Command/Inter-Domain Handover Command message, in order to avoid collision cases the mobile station may avoid triggering XID negotiation for any LLC SAPI used in LLC ADM, but wait for the SGSN to do so (see bullet 12). In any case the mobile station may avoid triggering XID negotiation for any LLC SAPI used in LLC ABM, but wait for the SGSN to do so (see bullet 12a).
8.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the MS the target BSS sends a PS Handover Complete (Local TLLI, IMSI) message to inform the new SGSN that the MS has arrived in the target cell. Each uplink N-PDU received by the new SGSN via the target BSS is then forwarded directly to the GGSN.

9.
Upon receiving the PS Handover Complete message,  the new SGSN sends a Forward Relocation Complete message to the old SGSN. The old SGSN responds with a Forward Relocation Complete Acknowledge message. Upon the reception of the Forward Relocation Complete message the old SGSN starts a packet forwarding timer. The old SGSN stops forwarding of data to the new SGSN after the packet forwarding timer expires.

10.
The new SGSN sends an Update PDP Context Request (New SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets to the new SGSN instead of to the old SGSN.

11.
After the reception of the Forward Relocation Complete message the old SGSN deletes to BSS packet flow context towards the old cell. The source BSS initiates the release of the radio resources in the source cell.

12.
If the new SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the PS Handover Command, then on receipt of the PS Handover Complete message the new SGSN initiates an LLC/SNDCP XID negotiation for each LLC SAPI used in LLC ADM. In this case if the SGSN wants to use the default parameters, it shall send an empty XID Command. If the new SGSN indicated 'Reset to the old XID parameters' in the NAS container for PS HO, no further XID negotiation is required for LLC SAPIs used in LLC ADM only.
12a.
The new SGSN re-establishes LLC ABM for the PDP contexts which use acknowledged information transfer. During the exchange of SABM and UA the SGSN shall perform LLC/SNDCP XID negotiation.

13.
The MS sends a Routing Area Update Request message to the new SGSN informing it that the target cell belongs to a new routing area. The MS shall send this message immediately after message 7. The new SGSN knows that a handover has been performed for this MS and can therefore exclude the SGSN context procedures that normally are used within the RA Update procedure.

14.
At this point the new SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.

NOTE 5: 
During an authentication procedure the SGSN has to suspend the downlink transmission of user data.
15.
The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) message to the HLR.

16.
The HLR sends Cancel Location (IMSI, Cancellation Type) message to the old SGSN with Cancellation Type set to Update Procedure. The old SGSN acknowledges with a Cancel Location Acknowledge (IMSI) message. This message allows the old SGSN to know when to release the inter-SGSN tunnel.

17.
The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) message to the new SGSN. The new SGSN validates the MS presence in the (new) RA. If all checks are successful then the new SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Acknowledge (IMSI) message to the HLR. This message allows the new SGSN to know when to release the inter-SGSN tunnel.

18.
The HLR acknowledges the Update Location by sending an Update Location Acknowledge (IMSI) message to the new SGSN.

19.
The new SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the SGSN updates the MM context for and sends a Routing Area Update Accept (P-TMSI, TMSI, P-TMSI signature, Receive N-PDU number) message to the MS. The Receive N‑PDU Number contains the acknowledgements for each acknowledged-mode NSAPI used by the SGSN, thereby confirming all mobile-originated N‑PDUs successfully transferred before the start of the PS handover procedure.

20.
The MS confirms the re-allocation of the new P-TMSI by responding the SGSN with a Routing Area Update Complete (Receive N-PDU number) message. The MS derives a new local TLLI from the new P-TMSI using current MM procedures. The Receive N‑PDU Number contains the acknowledgements for each acknowledged-mode NSAPI used by the MS, thereby confirming all mobile-terminated N‑PDUs successfully transferred before the start of the handover procedure. If Receive N‑PDU Number confirms reception of N‑PDUs that were forwarded from the old SGSN, these N‑PDUs shall be discarded by the new SGSN.
21.
In case an Inter-Domain Handover Command message was sent by the BSS in step 5, the MS initiates the establishment of the main signalling link by sending an RR SABM (including an MM CM Service Request) message on the CS resources assigned in step 5 (this step shall include the initiation of Ciphering and optionally Authentication).

22.
In case an Inter-Domain Handover Command message was sent by the BSS in step 5 and when the establishment of the main signalling link is completed, the MS starts the Domain Transfer procedure as specified in 3GPP TS 23.206 and moves the voice component of the connection to the allocated CS resources.
The following CAMEL procedure calls shall be performed (see referenced procedures in TS 23.078 [8b])
C1)
CAMEL_GPRS_PDP_Context_Disconnection, CAMEL_GPRS_Detach and CAMEL_PS_Notification.

They are called in the following order:

-
The CAMEL_GPRS_PDP_Context_Disconnection procedure is called several times: once per PDP context. The procedure returns as result "Continue".

-
Then the CAMEL_GPRS_Detach procedure is called once. The procedure returns as result "Continue".

-
Then the CAMEL_PS_Notification procedure is called once. The procedure returns as result "Continue".

C2)
CAMEL_GPRS_Routeing_Area_Update_Session and CAMEL_PS_Notification.

They are called in the following order:

-
The CAMEL_GPRS_Routeing_Area_Update_Session procedure is called. The procedure returns as result "Continue".

-
Then, the CAMEL_PS_Notification procedure is called. The procedure returns as result "Continue".

C3)
CAMEL_GPRS_Routeing_Area_Update_Context.

This procedure is called several times: once per PDP context. It returns as result "Continue".

For C2 and C3: refer to Routing Area Update procedure description in 3GPP TS 23.060.

********************** Next modified section **************************

5.3
Inter-RAT/mode Handover (UTRAN/GERAN Iu mode ( GERAN A/Gb mode)

5.3.1
Intra SGSN

5.3.1.1
Inter RAT/mode UTRAN/GERAN Iu mode to GERAN A/Gb mode PS HO; Preparation phase
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Figure 15: PS Handover Preparation Phase; Inter-RAT/mode,
Intra-SGSN case (UTRAN/GERAN Iu mode ( GERAN A/Gb mode)

1.
Based on measurement results and knowledge of the RAN topology, the source RNC/BSS decides to initiate an inter RAT/mode PS handover towards the GERAN A/Gb mode. At this point both uplink and downlink user data flows via the tunnel(s): Radio Bearer between the MS and the source RNC/BSS; GTP-U tunnel(s) between the source RNC/BSS and the 3G/2G SGSN; GTP-U tunnel(s) between the 3G/2G SGSN and the GGSN.

NOTE 1:
The process leading to the handover decision is outside of the scope of this paper.

2.
The source RNC/BSS sends a Relocation Required (Relocation Type, Cause, Source ID, Target ID, Source BSS To Target BSS Transparent Container (RN part)) message to the 3G/2G SGSN. The source RNC/BSS shall set Relocation Type to "UE Involved in relocation of SRNS".


Target ID contains the identity of the target cell.

3.
The 3G/2G SGSN determines from the Target Cell Identifier that the type of handover is inter‑RAT/mode handover. The 3G/2G SGSN sends a PS Handover Request (Local TLLI, IMSI, Cause, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), PFCs To Be Set Up List, NAS container for PS HO) message to the target BSS. The 3G/2G SGSN shall only request resources for PFCs for which, based on source side information, resources should be allocated in the target cell during the PS Handover preparation phase.

If the 3G/2G SGSN has negotiated XID parameters with the MS when the MS was in A/Gb mode before, or if the 3G/2G SGSN can accept all XID parameters as indicated by the old SGSN during a previous inter-SGSN PS handover, the 3G/2G SGSN shall create a NAS container for PS HO indicating 'Reset to the old XID parameters'. Otherwise the 3G/2G SGSN shall create a NAS container for PS HO indicating Reset (i.e. reset to default parameters).

4.
Based upon the ABQP for each PFC the target BSS makes a decision about which PFCs to assign radio resources. The algorithm by which the BSS decides which PFCs that need resources is implementation specific. Due to resource limitations not all downloaded PFCs will necessarily receive resource allocation. The target BSS allocates TBFs for each PFC that can be accommodated by the target BSS. The target BSS may at this point decide that the voice component of the connection shall be transferred to the CS Domain, in this case the Target BSS will allocate both PS and CS radio resources. The CS and PS radio resources must be allocated according to the mobile stations DTM multislot class (see 3GPP TS 45.002).

After allocating radio resources the target BSS shall prepare the Target BSS to Source BSS Transparent Container for the set up BSS PFCs.

5.
The target BSS shall prepare the Target BSS to Source BSS Transparent Container which contains a PS Handover Command or Inter-Domain Handover Command message including the CN part (NAS container for PS HO) and the RN part (PS Handover Radio Resources).

6.
The target BSS shall send the PS Handover Request Acknowledge message (Local TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container) message to the 3G/2G SGSN. Upon sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the 3G/2G SGSN for the accepted PFCs.


Any PDP contexts for which a PFC was not established are maintained in the 3G/2G SGSN and the related SAPIs and PFIs are kept. These PDP contexts may be modified or deactivated by the 3G/2G SGSN via explicit SM procedures upon the completion of the routing area update (RAU) procedure.


When the 3G/2G SGSN receives the PS Handover Request Acknowledge message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
5.3.1.2
Inter RAT/mode UTRAN/GERAN Iu mode to GERAN A/Gb mode PS HO; Execution phase
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Figure 16: PS Handover Execution Phase; Inter-RAT/mode,
Intra-SGSN case (UTRAN/GERAN Iu mode ( GERAN A/Gb mode)

1.
The 3G/2G SGSN continues to receive IP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source RNC/BSS. In case of Direct Tunnel, the GGSN sends IP packets directly to the source RNC.
2.
The 3G/2G SGSN continues the PS handover by sending a Relocation Command (Target BSS to Source BSS Transparent Container (PS Handover Command with RN part and CN part), RABs to be Released List, RABs Subject to Data Forwarding List) message to the source RNC/BSS. "RABs to be released list" will be the list of all NSAPIs (RAB Ids) for which a PFC was not established "RABs Subject to Data forwarding list" will be the list of all NSAPIs (RAB Ids) for which a PFC was established.

3.
When receiving the Relocation Command message the source RNC may, based on QoS, begin the forwarding of data for the RABs subject to data forwarding to the 3G/2G SGSN according to the definition in 3GPP TS 23.060 [19]. The GTP-U sequence numbers are only sent by the source RNC for PDP context(s) requiring delivery order (QoS profile) to be preserved. If delivery order is to be preserved (QoS) profile), consecutive GTP-PDU sequence numbering shall be maintained through the lifetime of the PDP context(s).

The 3G/2G SGSN may, based on QoS, proceed with the packet handling as follows:

· For PDP contexts which use LLC ADM the 3G/2G SGSN either:

a.
forwards the received downlink N-PDUs to the target BSS;

b.
stores the received data into the SNDCP queue for e.g. the PDU lifetime;

c.
discards the received data until e.g. reception of the PS Handover Complete message.

· If the 3G/2G SGSN forwards packets to the target BSS, the target BSS may start a blind transmission of downlink user data towards the MS over the allocated radio channels.

4.
The RNC/BSS sends the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command message to the MS where each message includes a PS Handover Command or Inter-Domain Handover Command (RN part and CN part) message. Before sending the message the uplink and downlink data transfer shall be suspended in the source RNC for the RABs that require delivery order.


Upon reception of the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command the MS shall suspend the uplink transmission of user plane data.

5.
The source RNC/BSS continues the handover by sending a Forward SRNS Context (RAB contexts) message to the 3G/2G SGSN.


The source RNC/BSS behaviour is as specified in 3GPP TS 23.060 [19] (Combined Hard Handover and SRNS Relocation).

6.
The MS executes the handover according to the parameters provided in the message delivered in step 4. The procedure is the same as in step 6 in subclause 5.1.4.2.

7./7a.
After accessing the cell using access bursts and receiving timing advance information from the BSS in step 6, the MS processes the NAS container and then sends one XID Response message to the 3G/2G SGSN  The MS sends this message immediately after receiving the Packet Physical Information message containing the timing advance or, in the synchronised network case, immediately if the PS Handover Access message is not required to be sent (see Section 6.2).

The MS shall resume the user data transfer only for those NSAPIs for which there are radio resources allocated in the target cell. For NSAPIs using LLC ADM for which radio resources were not allocated in the target cell the MS may request for radio resources using the legacy procedures.

NOTE: 
If the 3G/2G SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command message, in order to avoid collision cases the mobile station may avoid triggering XID negotiation for any LLC SAPI used in LLC ADM, but wait for the SGSN to do so (see bullet 9). In any case the mobile station may avoid triggering XID negotiation for any LLC SAPI used in LLC ABM, but wait for the SGSN to do so (see bullet 10).
8.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the MS the target BSS sends a PS Handover Complete (Local TLLI, IMSI) message to inform the 3G/2G SGSN that the MS has arrived in the target cell. Each uplink N-PDU received by the 3G/2G SGSN via the target BSS is then forwarded directly to the GGSN.

9.
If a Direct Tunnel was established for Iu mode, the SGSN sends an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the GGSN with the indication for not re-negotiating the QoS and to establish a tunnel between the SGSN and the GGSN. The GGSN updates the PDP context and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets to the SGSN.

10.
If the 3G/2G SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command message, then on receipt of the PS Handover Complete message the SGSN initiates an LLC/SNDCP XID negotiation for each LLC SAPI used in LLC ADM. In this case if the SGSN wants to use the default parameters, it shall send an empty XID Command. If the SGSN indicated 'Reset to the old XID parameters' in the NAS container for PS HO, no further XID negotiation is required for LLC SAPIs used in LLC ADM only.
11.
The 3G/2G SGSN (re-)establishes LLC ABM for the PDP contexts which use acknowledged information transfer. During the exchange of SABM and UA the SGSN shall perform LLC/SNDCP XID negotiation.

12.
After the reception of the PS Handover Complete message the 3G/2G SGSN sends an Iu Release Command message to the source RNC/BSS commanding the source RNC/BSS to release all resources related to the Iu connection. When the RNC/BSS data forwarding timer has expired the source RNC/BSS responds with an Iu Release Complete (RAB Data Volume report list, RABs released list) message.

13.
The MS sends a Routing Area Update Request (Old P-TMSI, Old RAI, Old P-TMSI signature, Update Type) message to the 3G/2G SGSN. This is done even if the target cell belongs to the same routing area as the source cell. The MS shall send this message immediately after message 7, see 3GPP TS 23.060 [19].

The 3G/2G SGSN knows that a handover has been performed for this MS and can therefore exclude the SGSN context procedures which normally are used within the RA Update procedure.

14.
The 3G/2G SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the 3G/2G SGSN updates the MM context for and sends a Routing Area Update Accept (P-TMSI, TMSI, P‑TMSI signature, Receive N-PDU number) message to the MS. The Receive N‑PDU Number contains the acknowledgements for each acknowledged-mode NSAPI used by the 3G/2G SGSN, thereby confirming all mobile originated N‑PDUs successfully transferred before the start of the PS handover procedure.

15.
The MS confirms the re-allocation of the new P-TMSI by responding to the 3G/2G SGSN with a Routing Area Update Complete (Receive N-PDU number). The MS derives the TLLI from the new P-TMSI using the current MM procedures. The Receive N‑PDU Number contains the acknowledgements for each acknowledged mode NSAPI used by the MS, thereby confirming all mobile terminated N‑PDUs successfully transferred before the start of the handover procedure. If Receive N‑PDU Number confirms reception of N‑PDUs that were forwarded from the 3G/2G SGSN, these N‑PDUs shall be discarded by the 3G/2G SGSN.
16.
In case the Handover from UTRAN Command included an Inter-Domain Handover Command message in step 4, the MS initiates the establishment of the main signalling link by sending an RR SABM (including an MM CM Service Request) message on the CS resources assigned in step 4 (this step shall include Authentication and the initiation of Ciphering).

17.
In case the Handover from UTRAN Command included an Inter-Domain Handover Command message in step 4 and when the establishment of the main signalling link is completed, the MS starts the Domain Transfer procedure as specified in 3GPP TS 23.206 and moves the voice component of the connection to the allocated CS resources.
The following CAMEL procedure calls shall be performed (see referenced procedures in TS 23.078 [8b]):

C2)
CAMEL_GPRS_Routeing_Area_Update_Session and CAMEL_PS_Notification.

They are called in the following order:

-
The CAMEL_GPRS_Routeing_Area_Update_Session procedure is called. The procedure returns as result "Continue".

-
Then, the CAMEL_PS_Notification procedure is called. The procedure returns as result "Continue".

C3)
CAMEL_GPRS_Routeing_Area_Update_Context.

This procedure is called several times: once per PDP context. It returns as result "Continue".

For C2 and C3: refer to Routing Area Update procedure description in 3GPP TS 23.060.

5.3.2
Inter SGSN

5.3.2.1
Inter RAT/mode UTRAN/GERAN Iu mode to GERAN A/Gb mode PS HO; Preparation phase
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Figure 17: PS Handover Preparation Phase; Inter-RAT/mode,
Inter-SGSN case  (UTRAN/GERAN Iu mode ( GERAN A/Gb mode)

1.
Based on measurement results and knowledge of the RAN topology, the source RNC/BSS decides to initiate an inter RAT/mode PS handover towards the GERAN A/Gb mode. At this point both uplink and downlink user data flows via the tunnel(s): Radio Bearer between the MS and the source RNC/BSS; GTP-U tunnel(s) between the source RNC/BSS and the old SGSN; GTP-U tunnel(s) between the old SGSN and the GGSN.

NOTE 1:
The process leading to the handover decision is outside of the scope of this paper.

2.
The source RNC/BSS sends a Relocation Required (Relocation Type, Cause, Source ID, Target ID, Source BSS To Target BSS Transparent Container (RN part)) message to the old SGSN. The source RNC/BSS shall set Relocation Type to "UE Involved in relocation of SRNS".


Target ID contains the identity of the target cell.

3.
The old SGSN determines from the Target Cell Identifier that the type of handover is inter-RAT/mode handover. In case of Inter-RAT/ mode Inter-SGSN PS handover, the old SGSN initiates the PS Handover resource allocation procedure by sending a Forward Relocation Request (IMSI, Tunnel Endpoint Identifier Control Plane, RANAP Cause, Target Cell Identifier, MM Context, PDP Contexts, Packet Flow ID, SNDCP XID parameters, LLC XID parameters, PDP Context Prioritisation, Source BSS To Target BSS Transparent Container [RN part] in the BSS Container, Source RNC Id, SGSN Address for control plane) message to the new SGSN. If the old SGSN supports PS handover procedures then it has to allocate a valid PFI according to subclause 4.4.1 during the PDP Context activation procedure. Each PDP context contains the GGSN Address for User Plane and the Uplink TEID for Data (to this GGSN Address and Uplink TEID for Data the old SGSN and the new SGSN send uplink packets).

The MM context contains security related information, e.g. supported ciphering algorithms as described in 3GPP TS 29.060 [11]. The relation between GSM and UMTS  security parameters is defined in 3GPP TS 33.102 [27],


The new SGSN selects the ciphering algorithm to use. This algorithm will be sent transparently from the new SGSN to the MS. The IOV-UI parameter generated in the new SGSN and used, as input to the ciphering procedure will also be transferred transparently from the new SGSN to the MS.


When the new SGSN receives the Forward Relocation Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI is allocated for the MS. When this message is received by the new SGSN it begins the process of establishing PFCs for all PDP contexts.


When the new SGSN receives the Forward Relocation Request message it extracts from the PDP Contexts the NSAPIs and SAPIs and PFIs to be used in the new SGSN. If for a given PDP Context the new SGSN does not receive a PFI from the old SGSN, it shall not request the target BSS to allocate TBF resources corresponding to that PDP Context. If none of the PDP Contexts forwarded from the old SGSN has a valid PFI allocated the new SGSN shall consider this as a failure case and the request for PS handover shall be rejected.


In case when an SAPI and PFI was available at the old SGSN but the new SGSN does not support the same SAPI and PFI for a certain NSAPI as the old SGSN, the new SGSN shall continue the PS handover procedure only for those NSAPIs for which it can support the same PFI and SAPI as the old SGSN. All PDP contexts for which no resources are allocated by the new SGSN or for which it cannot support the same SAPI and PFI (i.e. the corresponding NSAPIs are not addressed in the response message of the target SGSN), are maintained and the related SAPIs and PFIs are kept. These PDP contexts may be modified or deactivated by the new SGSN via explicit SM procedures upon RAU procedure.


The old SGSN shall indicate the current XID parameter settings if available (i.e. those negotiated at the old SGSN when the MS was in A/Gb mode or received during a previous inter-SGSN PS handover) to the new SGSN. If the new SGSN can accept all XID parameters as indicated by the old SGSN, the new SGSN shall create a NAS container for PS HO indicating 'Reset to the old XID parameters'. Otherwise, if the new SGSN cannot accept all XID parameters indicated by the old SGSN or if no XID parameters were indicated by the old SGSN, the new SGSN shall create a NAS container for PS HO indicating Reset (i.e. reset to default parameters).

4.
The new SGSN sends a PS Handover Request (Local TLLI, IMSI, Cause, Target Cell Identifier, Source BSS to Target BSS Transparent Container (RN part), PFCs To Be Set Up List, NAS container for PS HO) message to the target BSS. The new SGSN shall not request resources for PFCs associated with PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s or for which the Activity Status Indicator within the PDP Context indicates that no active RAB exists on the source side.

5. Based upon the ABQP for each PFC the target BSS makes a decision about which PFCs to assign radio resources. The algorithm by which the BSS decides which PFCs that need resources is implementation specific. Due to resource limitations not all downloaded PFCs will necessarily receive resource allocation. The target BSS allocates TBFs for each PFC that it can accommodate. The target BSS may at this point decide that the voice component of the connection shall be transferred to the CS Domain, in this case the Target BSS will allocate both PS and CS radio resources. The CS and PS radio resources must be allocated according to the mobile stations DTM multislot class (see 3GPP TS 45.002).
6.
The target BSS shall prepare the Target BSS to Source BSS Transparent Container which contains a PS Handover Command or Inter-Domain Handover Command message including the CN part (NAS container for PS HO) and the RN part (PS Handover Radio Resources).

7.
Target BSS shall send the PS Handover Request Acknowledge message (Local TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container) message to the new SGSN. Upon sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the new SGSN for the accepted PFCs.


Any PDP contexts for which a PFC was not established  are maintained in the new SGSN and the related SAPIs and PFIs are kept. These PDP contexts may be modified or deactivated by the new SGSN via explicit SM procedures upon the completion of the routing area update (RAU) procedure.

8.
The new SGSN passes the assigned list of TEIDs for each PDP context for which a PFC was assigned in the RAB setup information IE in the Forward Relocation Response (Cause, List of Set Up PFCs, Target BSS to Source BSS Transparent Container) in the BSS Container, Tunnel Endpoint Identifier Control Plane, SGSN Address for User Traffic, Tunnel Endpoint Identifier Data II) message to the old SGSN. The NSAPIs of the active PDP Contexts received in the Forward Relocation Request message for which the PS handover continues, i.e. for which resources are allocated for the PFCs in the target BSS, are indicated in this message. 

The Tunnel Endpoint Identifier Data II, one information for each PDP context, is the tunnel endpoint of the new SGSN and is used for data forwarding from the old SGSN, via the new SGSN, to the target BSS.



The new SGSN activates the allocated LLC/SNDCP engines as specified in 3GPP TS 44.064 [21] for an SGSN originated Reset or 'Reset to the old XID parameters'.


When the old SGSN receives the Forward Relocation Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
5.3.2.2
Inter RAT UTRAN/GERAN Iu mode to GERAN A/Gb mode PS HO; Execution phase
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Figure 18: PS Handover Execution Phase; Inter-RAT/mode,
Inter-SGSN case (UTRAN/GERAN Iu mode ( GERAN A/Gb mode)

1.
The old SGSN continues to receive IP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source RNC/BSS.

2.
The old SGSN continues the PS handover by sending a Relocation Command (Target BSS to Source BSS Transparent Container (PS Handover Command with RN part and CN part), RABs to be Released List, RABs Subject to Data Forwarding List) message to the source RNC/BSS. "RABs to be released list" will be the list of all NSAPIs (RAB Ids) for which a PFC was not established "RABs Subject to Data forwarding list" will be the list of all NSAPIs (RAB Ids) for which a PFC was established.

3.
When receiving the Relocation Command message the source RNC/BSS may, based on QoS, begin the forwarding of data for the RABs subject to data forwarding to the new SGSN via the old SGSN (if a Tunnel Endpoint is available) according to the definition in 3GPP TS 23.060 [19]. The GTP-U sequence numbers are only sent by the source RNC for PDP context(s) requiring delivery order (QoS profile) to be preserved. If delivery order is to be preserved (QoS) profile), consecutive GTP-PDU sequence numbering shall be maintained through the lifetime of the PDP context(s).


The new SGSN may, based on QoS, proceed with the packet handling as follows:

· For PDP contexts which use LLC ADM the new SGSN either:

a.
forwards the received downlink N-PDUs to the target BSS;

b.
stores the received data into the SNDCP queue for e.g. the PDU lifetime;

c.
discards the received data until e.g. reception of the PS Handover Complete message.


If the new SGSN forwards packets to the target BSS, the target BSS may start a blind transmission of downlink user data towards the MS over the allocated radio channels. 

NOTE 1:
The order of steps, starting from step 3 onwards, does not necessarily reflect the order of events. For instance the source RNC may start data forwarding (step 3), send the RRC message (step 4) and send the Forward SRNS Context message (step 5) almost simultaneously.

4.
The source RNC/BSS sends the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command message to the MS where each message includes a PS Handover Command or Inter-Domain Handover Command (RN part and CN part) message. Before sending the message the uplink and downlink data transfer shall be suspended in the source RNC for the RABs that require delivery order.


Upon the reception of the HANDOVER from UTRAN Command message (UTRAN) or the HANDOVER from GERAN Iu Command message containing the PS Handover Command/Inter-Domain Handover Command message, the MS shall associate its RAB IDs to the respective PFIs based on the relation with the NSAPI and shall suspend the uplink transmission of the user plane data.

5.
The source RNC continues the handover by sending a Forward SRNS Context (RAB contexts) message to the new SGSN, via the old SGSN. The Forward SRNS Context message is acknowledged by the new SGSN with the Forward SRNS Context Acknowledge message to the old SGSN.


The source RNC/BSS behaviour is as specified in 3GPP TS 23.060 [19] (Combined Hard Handover and SRNS Relocation).

6.
The MS executes the handover according to the parameters provided in the message delivered in step 4. The procedure is the same as in step 6 in subclause 5.1.4.2 with the additional function of association of the received PFI and existing RAB Id related to the particular NSAPI as described in clause 4.4.1.

7./7a.
After accessing the cell using access bursts and receiving timing advance information from the BSS in step 6, the MS processes the NAS container and then sends one XID Response message to the new SGSN . The MS sends this message immediately after receiving the Packet Physical Information message containing the timing advance or, in the synchronised network case, immediately if the PS Handover Access message is not required to be sent (see Section 6.2).

Upon sending the XID Response message, the MS shall resume the user data transfer only for those NSAPIs for which there are radio resources allocated in the target cell. For NSAPIs using LLC ADM for which radio resources were not allocated in the target cell the MS may request for radio resources using the legacy procedures.

NOTE 2: 
If the new SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command message, in order to avoid collision cases the mobile station may avoid triggering XID negotiation for any LLC SAPI used in LLC ADM, but wait for the SGSN to do so (see bullet 12). In any case the mobile station may avoid triggering XID negotiation for any LLC SAPI used in LLC ABM, but wait for the SGSN to do so (see bullet 12a).
8.
Upon reception of the first correct RLC/MAC block (sent in normal burst format) from the MS the target BSS sends a PS Handover Complete (Local TLLI, Handover Complete Status) message to inform the new SGSN that the MS has arrived in the target cell. Each uplink N-PDU received by the new SGSN via the target BSS is then forwarded directly to the GGSN.

9.
Upon receiving the PS Handover Complete message, the new SGSN send a Forward Relocation Complete message to the old SGSN to indicate completion of the PS handover procedures. The old SGSN responds with a Forward Relocation Complete Acknowledge message.

10.
The new SGSN sends an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets to the new SGSN instead of to the old SGSN. 

11.
The old SGSN sends an Iu Release Command message to the source RNC/BSS commanding the source RNC/BSS to release all resources related to the Iu connection.  When the RNC/BSS data forwarding timer has expired the source RNC/BSS responds with an Iu Release Complete (RAB Data Volume report list, RABs released list) message.

12.
If the new SGSN indicated Reset (i.e. reset to default parameters) in the NAS container for PS HO included in the Handover from UTRAN Command message (UTRAN) or the Handover from GERAN Iu Command message, then on receipt of the PS Handover Complete the new SGSN initiates an LLC/SNDCP XID negotiation for each LLC SAPI used in LLC ADM. In this case if the SGSN wants to use the default parameters, it shall send an empty XID Command. If the new SGSN indicated 'Reset to the old XID parameters' in the NAS container for PS HO, no further XID negotiation is required for LLC SAPIs used in LLC ADM only.
12a.
The new SGSN (re-)establishes LLC ABM for the PDP contexts which use acknowledged information transfer. During the exchange of SABM and UA the SGSN shall perform LLC/SNDCP XID negotiation.

13.
The MS sends a Routing Area Update Request (Old P-TMSI, Old RAI, Old P-TMSI signature, Update Type) message to the new SGSN informing it that the source cell belongs to a new routing area. The MS shall send this message immediately after message 7, see 3GPP TS 23.060 [19].


The new SGSN knows that a handover has been performed for this MS and can therefore exclude the SGSN context procedures which normally are used within the RA Update procedure.

14.
At this point the new SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.

NOTE 3: 
During an authentication procedure the SGSN has to suspend the downlink transmission of user data.
15.
The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) message to the HLR.

16.
The HLR sends a Cancel Location (IMSI, Cancellation Type) message to the old SGSN with Cancellation Type set to Update Procedure. The old SGSN acknowledges with a Cancel Location Acknowledge (IMSI) message. This message allows the old SGSN to know when to release the inter-SGSN tunnel.

17.
The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) message to the new SGSN. The new SGSN validates the MS presence in the (new) RA. If all checks are successful then the new SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Acknowledge (IMSI) message to the HLR. This message allows the new SGSN to know when to release the inter-SGSN tunnel.

18.
The HLR acknowledges the Update Location by sending an Update Location Acknowledge (IMSI) message to the new SGSN.

19.
The new SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the SGSN updates the MM context for and sends a Routing Area Update Accept (P-TMSI, TMSI, P-TMSI signature, Receive N-PDU number) message to the MS. The Receive N‑PDU Number contains the acknowledgements for each acknowledged-mode NSAPI used by the SGSN, thereby confirming all mobile originated N‑PDUs successfully transferred before the start of the PS handover procedure.

20.
The MS confirms the re-allocation of the new P-TMSI by responding to the SGSN with a Routing Area Update Complete (Receive N-PDU number) message. The MS derives the Local TLLI from the new P-TMSI using the current MM procedures. The Receive N‑PDU Number contains the acknowledgements for each acknowledged mode NSAPI used by the MS, thereby confirming all mobile terminated N‑PDUs successfully transferred before the start of the handover procedure. If Receive N‑PDU Number confirms reception of N‑PDUs that were forwarded from the old SGSN, these N‑PDUs shall be discarded by the new SGSN.
21.
In case the Handover from UTRAN Command included an Inter-Domain Handover Command message in step 4, the MS initiates the establishment of the main signalling link by sending an RR SABM (including an MM CM Service Request) message on the CS resources assigned in step 4 (this step shall include Authentication and the initiation of Ciphering).

22.
In case the Handover from UTRAN Command included an Inter-Domain Handover Command message in step 4 and when the establishment of the main signalling link is completed, the MS starts the Domain Transfer procedure as specified in 3GPP TS 23.206 and moves the voice component of the connection to the allocated CS resources.
The following CAMEL procedure calls shall be performed (see referenced procedures in TS 23.078 [8b])
C1)
CAMEL_GPRS_PDP_Context_Disconnection, CAMEL_GPRS_Detach and CAMEL_PS_Notification.

They are called in the following order:

-
The CAMEL_GPRS_PDP_Context_Disconnection procedure is called several times: once per PDP context. The procedure returns as result "Continue".

-
Then the CAMEL_GPRS_Detach procedure is called once. The procedure returns as result "Continue"

-
Then the CAMEL_PS_Notification procedure is called once. The procedure returns as result "Continue".

C2)
CAMEL_GPRS_Routeing_Area_Update_Session and CAMEL_PS_Notification.

They are called in the following order:

-
The CAMEL_GPRS_Routeing_Area_Update_Session procedure is called. The procedure returns as result "Continue".

-
Then, the CAMEL_PS_Notification procedure is called. The procedure returns as result "Continue".

C3)
CAMEL_GPRS_Routeing_Area_Update_Context.

This procedure is called several times: once per PDP context. It returns as result "Continue".

For C2 and C3: refer to Routing Area Update procedure description in 3GPP TS 23.060.

********************** Next modified section **************************

5.6.1
Contents of the containers

The transparent container will consist of two parts:

· The Radio Network part (RN part) carrying radio interface related parameters relevant for the MS and the radio network (BSS/RNC) and sent transparently through the core network; This content is:

-
Created by the source BSS/RNC/GANC and carried in the Source BSS/RNC to Target BSS/RNC transparent container (i.e. the forward container). 

-
Created by the target BSS/RNC/GANC and carried in the Target BSS/RNC to Source BSS/RNC transparent container (i.e. the reverse container).

-
Processed by the target BSS/RNC/GANC (forward container only)

-
Processed by the source BSS/RNC/GANC and MS (reverse container only).

· The Core Network part (CN part) carrying parameters relevant for the MS and the core network. This part is only needed from the new SGSN to send to the MS for PS handover to A/Gb mode and GAN mode and thus is only included in the Target BSS to Source BSS Transparent Container. This content is:

-
Created by the new SGSN.

-
Included in the Target BSS to Source BSS Transparent Container by the target BSS/GANC.

NOTE 1:
The target BSS/GANC does not process the Core Network part.

-
Forwarded transparently by the old SGSN and source BSS/RNC/GANC.

-
Carried within the PS Handover Command/Inter-Domain Handover Command message sent from the source BSS to the MS for PS handover from A/Gb mode to A/Gb mode or for PS handover from A/Gb mode to GAN mode.

-
Carried within the PS Handover Command/Inter-Domain Handover Command message included within a GA-PSR Handover Command message sent from the source GANC to the MS for PS handover from GAN mode to A/Gb mode.

-
Carried within the PS Handover Command/Inter-Domain Handover Command message included within a Handover from UTRAN Command message or the Handover from GERAN Iu Command message sent from the source RNC to the MS for PS handover from Iu mode to A/Gb mode.

-
Carried within the PS Handover Command message included within a Handover from UTRAN Command message sent from the source RNC to the MS for PS handover from UTRAN to GAN mode.

-
Processed by the MS.

The contents of the Radio Network part will depend on:

· Type of channels that are subject to PS handover, i.e. shared or dedicated.


· PS handover scenario, i.e. intra-mode or inter-RAT/mode.

· Whether it is sent in a forward container or a reverse container.

The contents of the Core Network part will depend on the PS handover scenario, i.e. intra-mode or inter-RAT/mode.

********************** Next modified section **************************

5.8.2
Intra-SGSN Handover (GAN mode ( GERAN A/Gb mode handover)

5.8.2.1
Intra SGSN PS Handover, Preparation phase

The preparation phase is the same as described for Intra SGSN, GERAN A/Gb mode to GERAN A/Gb mode PS handover except for the following:

· While in a GAN cell an MS sends the GA-PSR HANDOVER INFORMATION message to the GANC indicating a list of target GERAN A/Gb mode cells, identified by CGI, in order of preference for PS handover, and includes the received signal strength for each identified GERAN A/Gb mode cell. The MS decision to send the GA-PSR HANDOVER INFORMATION may be based on local measurements in the MS (see 3GPP TS 44.318 [28]). This list is the most recent information available from the GSM RR subsystem. In addition, the GA-PSR HANDOVER INFORMATION message may include a list of target UTRAN cells ranked in order of preference for PS handover, and the received signal strength for each identified UTRAN cell.

· The source GANC selects a target GERAN A/Gb mode cell and triggers the PS handover preparation phase by signalling to the SGSN the need for PS handover (i.e. it sends the PS Handover Required message) and including the target GERAN A/Gb mode cell. 

· When the source GANC decides to trigger a PS handover both uplink and downlink user data is transmitted via the GA-PSR Transport Channel between MS and source GANC, BSSGP PFCs tunnel(s) between the source GANC and SGSN, and GTP tunnel(s) between the SGSN and GGSN.

5.8.2.2
Intra SGSN PS Handover, Execution phase

The execution phase is the same as described for Intra SGSN, GERAN A/Gb mode to GERAN A/Gb mode PS handover except for the following:

· The SGSN sends a PS Handover Required Acknowledge (Old TLLI, List of Set Up PFCs, Target BSS to Source BSS Transparent Container (RN part)) message to the source GANC.

· Before sending the GA-PSR Handover Command message to the MS the source GANC, based on QoS, may try to empty the downlink GANC buffer for one or more PFCs.

· The source GANC interrupts the downlink transmission of LLC PDUs on the GA-PSR Transport Channel and sends the MS a GA-PSR Handover Command message that includes a PS Handover Command or an Inter-Domain Handover Command (RN part only) created by the target BSS.
********************** Next modified section **************************

6.1.2
Overview of PS Handover messages

6.1.2.1
GERAN A/Gb mode/GAN mode to GERAN A/Gb mode PS Handover

When performing an inter-SGSN PS Handover from GERAN A/Gb mode/GAN mode to GERAN A/Gb mode the following information is sent over the Um and Up interfaces.

· PS Handover Command/Inter-Domain Handover Command message (for PS handover from GERAN A/Gb mode) or a GA-PSR Handover Command message including a PS Handover Command/Inter-Domain Handover Command message (for PS handover from GAN mode) - sent to the MS in the source cell and includes the following:

-
optionally, the NAS container for PS HO 

-
Indication of the radio resources for uplink and downlink TBFs to be used in the target cell for each PFC receiving PS handover treatment (i.e. the reverse path container created by target BSS/RNC).

-
Indication of a PS handover reference number to be used when the MS arrives in the target cell.
-
Indication of the CS radio resources to be used in the target cell at Inter-Domain Handover.
· PS Handover Access message - the MS sends 4 handover access bursts in the target cell using an uplink TBF provided by the PS Handover Command. If multiple uplink TBFs are provided by the PS Handover Command/Inter-Domain Handover Command message the MS sends access bursts using just one of these TBFs (i.e. at minimum one uplink TBF must be provided in the PS Handover Command/Inter-Domain Handover Command message). The handover reference number is included within each access burst. This message is always sent for the case of non-synchronised handover and may still be sent for the case of synchronised or pre-synchronised handovers (determined by the target BSS during the PS handover preparation phase) to allow the target BSS to verify the accessing MS.

· Packet Physical Information message - sent by the target BSS to the MS in the target cell in response to the PS Handover Access message for the case of unsynchronised cells.  Whether or not this message is sent in case of synchronised cells is indicated by the PS Handover command/Inter-Domain Handover Command message (see 3GPP TS 44.018 [25]). It is sent using the downlink PACCH associated with the uplink TBF used to send the access bursts and provides the MS with physical layer information (i.e. Timing Advance). The time alignment information received in this message applies to all uplink TBFs allocated to the MS in the PS Handover Command/Inter-Domain handover Command message. The target BSS only sends this information if it receives the expected handover reference number in a PS Handover Access message.

· Uplink RLC Data Blocks - sent on uplink TBFs allocated by the PS Handover Command/Inter-Domain Handover Command message after the MS receives Packet Physical Information message as follows:

-
For inter-SGSN PS handover the MS, prior to sending any uplink user plane payload for any PFC, shall send an  XID Response message .

· Downlink RLC Data Blocks - sent on downlink TBFs allocated by the PS Handover Command/Inter-Domain Handover Command message as follows:

-
For inter-SGSN PS handover for a given PFC the new SGSN may begin downlink N-PDU transmissions for that PFC prior to receiving a PS Handover Complete message (i.e. blind transmission may be used) or it may wait for a PS Handover Complete message before beginning downlink N-PDU transmissions for that PFC.

· GA-PSR HANDOVER INFORMATION message (for PS handover from GAN mode) – sent from the MS to the GANC to provide a list of target GERAN A/Gb mode cells, identified by CGI, in order of preference for PS handover, and includes the received signal strength for each identified GERAN A/Gb mode cell.

· GA-PSR UPLINK QUALITY INDICATION message (for PS handover from GAN mode) – sent from the GANC to the MS to provide it with PS service related information as perceived by the GANC which may result in the MS triggering the PS handover procedure (i.e. sending a GA-PSR HANDOVER INFORMATION message).
********************** Next modified section **************************

6.3
Methods for triggering PS Handover

A PS Handover can be triggered by the BSS based on the received measurement reports, by the reception of the Packet Cell Change Notification message from the mobile station or, in the case of Intra Cell Inter-Domain Handover, by implementation specific algorithms. The BSS controls which of the three methods to use for initiating the PS Handover.

A PS Handover is triggered by the GANC based on the measurement reports received in the GA-PSR HANDOVER INFORMATION message or by other trigger conditions (see 3GPP TS 44.318 [28]). 

When PS Handover is triggered by the BSS based on the measurement reports, the mobile station is in NC2 mode. The mobile station sends measurement reports to the network (BSS). When the network has found a new cell meeting the cell reselection criteria, and prepared for the PS Handover in that target cell, it sends the PS Handover Command message to the mobile station.

If not in NC2 mode, the mobile station may, by transmitting a Packet Cell Change Notification message according to the Cell Change Notification procedure, make the BSS aware it has found a new cell meeting the cell reselection criteria. The network then prepares for the PS Handover in the indicated target cell and sends the PS Handover Command or Inter-Domain Handover Command message to the mobile station. In order to avoid that the mobile station performs autonomous cell reselection due to timeout of T3208, the network can order the mobile station to enter NC2 mode by transmitting the Packet Measurement Order message in response to the PCCN message. This will keep the mobile station in the cell until the PS Handover Command/Inter-Domain Handover Command message is sent by the network, thus making it possible for the network to perform all necessary PS handover signalling and set up the radio resources in the target cell.
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