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PS Handover in A/Gb mode Signalling

1 Scope

The present document constitutes proposed handover procedures for packet data services as enhancement to the existing 2G GPRS/EGPRS protocols.

2 References

1.
3GPP TS 22.105 Services and Service Capabilities.

3
Definitions and abbreviations

3.1 Definitions

3.2
Abbreviations

For the purpose of this document the following abbreviations apply.

GGSN

Gateway GPRS Support Node

SGSN

Serving GPRS Support Node

HO

Hand over

QoS

Quality of Service

RAT

Radio Access Technology

4
End User QoS requirements

4.1 General

4.2 Streaming services

4.3 Conversational services

5
Overview of handover scenarios

PS Handover procedures are used by the GSM network to force an MS with one or more dedicated packet flows to move between 2 cells. As the cells can be located either within the same BSC (Intra BSC HO) or in different BSCs within the same SGSN (Intra SGSN HO) or belonging to different SGSNs (Inter SGSN HO) or in systems with different radio access types (Inter RAT HO) different scenarios have to be considered.

Additionally the QoS classes and attributes can vary for different flows and require different behaviour of the handover procedure. Some flows require no information loss while others require minimal end-to-end transfer delay but can accept a certain degree of loss.

In this paper two different handover methods are therefore outlined. One is optimised to handle flows requesting loss-less transfer and the other one is optimised for a service requiring short end-to-end delay but which accepts a certain amount of loss. Both methods have common procedures for preparation of the handover. This preparation involves reservation of SNDCP/LLC resources in the target SGSN and of reservation of radio resources in the target BSC and this is done before the MS is ordered to go to the new cell by the HANDOVER COMMAND message. The common handover procedures are further detailed by signalling sequences in section 6.1 

The loss-less handover service typically utilises acknowledged RLC and acknowledged or unacknowledged LLC while the lossy handover service  might use unacknowledged protocols for the transmission. Both methods are superficially described below.

The proposed loss-less handover procedure is based on the principle that when the source BSS has sent the handover command to the MS it sends the LLC PDUs not yet transmitted to or not yet fully acknowledged by the MS back to the source SGSN. This is performed by adding the not yet sent LLC PDUs to the BSSGP FLUSH ACK message. The LLC PDUs that are flushed will then be processed by the source SGSN to re-create the original N-PDUs. The source SGSN will then forward these N-PDUs to the target SGSN. When the MS has moved to the new cell and sends the HANDOVER COMPLETE message, the LLC entity in the target SGSN will start sending these flushed LLC PDUs down to target BSS which will send them to the MS. As long as the source SGSN receives new N-PDUs from the GGSN, these N-PDUs will be forwarded to the target SGSN over a GTP relay tunnel. The loss-less handover is further detailed by signalling sequences in section 6.2. 

The proposed lossy handover procedure is based on the concept that as soon as radio resources are reserved in the target BSC, the source SGSN starts to bi-cast the received N-PDUs both to the source BSC and to the target SGSN over a temporarily established GTP tunnel. The target BSC will start ‘blind’ transmission of the DL RLC/MAC blocks over the radio. When the MS has informed the target BSC of it’s presence in the target cell by the HANDOVER COMPLETE message, the new SGSN informs the GGSN which then redirects the downlink N-PDUs to the target SGSN. The source SGSN is then releasing the GTP tunnel and the resources in source BSC and in old SGSN are released. The lossy handover is further detailed by signalling sequences in section 6.3. 

When handover has to be performed for an MS with multiple flows active requiring both lossy and loss-less type of handover, both methods shall be used in parallel. 

6
Signalling sequences

This clause gives a brief overview of the proposed signalling procedures required for introduction of a PS handover within the GPRS packet switched domain.

6.1
Handover Preparation Procedures

6.1.1
Intra BSC handover Preparation
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Figure 1: PS Handover Preparation Procedure; Intra BSC case 

1. The BSC 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 BSC, BSSGP PFCs tunnel(s) between source BSC and old-SGSN, GTP tunnel(s) between old SGSN and GGSN.

2. The BSC sends a PS Handover Required message (TLLI, Source Cell Identifier, Target Cell Identifier, PFC(s) To Be Set Up List, Source BSC to target BSC transparent container) to the old SGSN. The Source BSC to Target BSC Transparent Container includes BSC specific information for PS Handover co-ordination).

In case of intra-BSC PS Handover, the old SGSN keeps the PDP, MM, SNDCP and the LLC contexts. A new P-TMSI may be allocated for the MS if the cell is within a new RA. The mapping between N-SAPI, SAPI and PFI for each PDP Context is kept. These actions result in an implicit RA Update which eliminates the need for the MS to perform an RA Update when the handed over flows are released. 

NOTE:
As a working assumption the Cipher Key used in the old cell is reused by the old SGSN in the new cell until the hand-over is completed. When completed, a new authentication procedure can be performed.

3. The SGSN sends a PS Handover Request message ((New local TLLI), IMSI, Source Cell Identifier, Target Cell Identifier, MS Capabilities, Source BSC to target BSC transparent container, PFCs To Be Set Up List) to the  BSC.
4. The BSC establishes an MS context and allocates a TBF and USFs for each PFC receiving handover treatment . 

5. After all necessary resources for the accepted PFCs are successfully allocated, the BSC shall send the PS Handover Request Acknowledge message ((New TLLI), Setup/Failed to setup, Source Cell Identifier, Target Cell Identifier, Target BSC to source BSC transparent container) to the SGSN. If the QoS parameters for any of the indicated PFCs is not accepted by the BSC, the BSC indicates ‘Failed to setup’ in the message. After sending the PS Handover Request Acknowledge message the BSC shall be prepared to receive downlink LLC PDUs from the SGSN for each PFC receiving handover treatment. 

6. The subsequent actions taken by the SGSN depends on the type of handover service provided:
· If loss less handover service is required the procedure proceeds as described in section 6.2.1.

· If lossy handover service is acceptable the procedure proceeds as described in section 6.3.1.
6.1.2
Intra SGSN handover Preparation
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Figure 2: PS Handover Preparation Procedure; Intra SGSN case

1. The source BSC 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 BSC, BSSGP PFCs tunnel(s) between source BSC and old-SGSN, GTP tunnel(s) between old-SGSN and GGSN.

2. The source BSC sends a PS Handover Required message (TLLI, Source Cell Identifier, Target Cell Identifier, PFC(s) To Be Set Up List, Source BSC to target BSC transparent container) to the old SGSN. The Source BSC to Target BSC Transparent Container includes BSC specific information for PS Handover co-ordination).

The SGSN determines from the Target Cell Identifier if the PS Handover is an intra-SGSN PS Handover or an inter-SGSN PS Handover. In case of intra-SGSN PS Handover, the old SGSN keeps the PDP, MM, SNDCP and LLC context. A new P-TMSI may be allocated for the MS. The mapping between N-SAPI, SAPI and PFI for each PDP Context is kept. These actions result in an implicit RA Update which eliminates the need for the MS to perform an RA Update when the handed over flows are released . 

NOTE:
The case with PS Handover to an area where Intra Domain Connection of BSS nodes to multiple core network nodes is used has to be considered. 

NOTE:
As a working assumption the Cipher Key used by the old SGSN is reused by the old SGSN in the new cell until the hand-over is completed. When completed, a new authentication procedure can be performed.

3. The SGSN sends a PS Handover Request message ((New local TLLI), IMSI, Source Cell Identifier, Target Cell Identifier, MS Capabilities, Source BSC to target BSC transparent container, PFCs To Be Set Up List) to the target BSC.
4. The target BSC establishes an MS context and allocates a TBF and USFs for each PFC receiving handover treatment. A NSVC is reserved on the Gb interface for all PFCs that require UL TBFs. 

5. After all necessary resources for accepted PFCs are successfully allocated, the target BSC shall send the PS Handover Request Acknowledge message ((New TLLI), Setup/Failed to setup, Source Cell Identifier, Target Cell Identifier, Target BSC to source BSC transparent container) to the SGSN. If the QoS parameters for the flow is not accepted by the target BSC, the target BSC indicates ‘Failed to setup’ in the message. After sending the PS Handover Request Acknowledge message the target BSC shall be prepared to receive downlink LLC PDUs from the old SGSN for each PFC receiving handover treatment. 

6. The subsequent actions taken by the SGSN depends on the type of handover service provided:
· If loss less handover service is required the procedure proceeds as described in section 6.2.2.

· If lossy handover service is acceptable) the procedure proceeds as described in section 6.3.2.
6.1.3 Inter SGSN handover Preparation
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Figure 3: PS Handover Preparation Procedure; Inter SGSN case

1. The source BSC 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 BSC, BSSGP PFCs tunnel(s) between source BSC and old-SGSN, GTP tunnel(s) between old-SGSN and GGSN.

2. The source BSC sends a PS Handover Required message (TLLI, Source Cell Identifier, Target Cell Identifier, PFC(s) To Be Set Up List, Source BSC to target BSC transparent container) to the old SGSN. The Source BSC to Target BSC Transparent Container includes BSC specific information for PS Handover co-ordination.

3. The old SGSN determines from the Target Cell Identifier if the PS Handover is an intra-SGSN PS Handover or an inter-SGSN PS Handover. In case of inter-SGSN PS Handover, the old SGSN initiates the PS Handover resource allocation procedure by sending a Prepare PS Handover Request message (IMSI, Source Cell Identifier, Target Cell Identifier, MM Context, PDP Contexts, PFC(s) To Be Set Up List, SNDCP XID parameters, LLC XID parameters, SAPIs, NSAPIs, MS Capabilities, Used Cipher Key, Source BSC to target BSC transparent container) to the new SGSN.
NOTE:
The case with PS Handover to an area where Intra Domain Connection of BSS nodes to multiple core network nodes is used has to be considered. 

NOTE:
As a working assumption the Cipher Key used by the old SGSN is reused by the new SGSN until the hand-over is completed. When completed, a new authentication procedure can be performed.

When the new SGSN receives the Prepare PS Handover Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI is allocated for the MS. The mapping between N-SAPI, SAPI and PFI for each PDP Context is established. These actions result in an implicit RA Update which eliminates the need for the MS to perform an RA Update when the handed over flows are released . 

NOTE:
It is FFS if NMO1 and the Gs interface are mandated.

4.
The new SGSN sends a PS Handover Request message (New local TLLI, IMSI, Source Cell Identifier, Target Cell Identifier, MS Capabilities, Source BSC to target BSC transparent container, PFCs To Be Set Up List) to the target BSC.
5.
The target BSC establishes an MS context and reserves radio resources.  A TBF and USFs are allocated for each PFC receiving handover treatment . A NSVC is reserved on the Gb interface for all PFCs that require UL TBFs. 

6.
After all necessary resources for the accepted PFCs are successfully allocated, the target BSC shall send the PS Handover Request Acknowledge message (New TLLI, Setup/Failed to setup, Source Cell Identifier, Target Cell Identifier, Target BSC to source BSC transparent container) to the new SGSN. If the QoS parameters for any of the indicated PFCs is not accepted by the target BSC, the target BSC indicates ‘Failed to setup’ in the message. After sending the PS Handover Request Acknowledge message the target BSC shall be prepared to receive downlink LLC PDUs from the new SGSN for each PFC receiving handover treatment. 

7. When the new SGSN receives the PS Handover Request Acknowledge message the Prepare PS Handover Response message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, NSAPI(s), SAPI(s), PFI(s), Target BSC to Source BSC transparent container) is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN is ready to receive from the old SGSN the flushed and the not yet sent SNDCP N-PDUs or the to be bi-casted SNDCP N-PDUs, i.e. the PS Handover preparation procedure is terminated successfully. If the target BSC or the new SGSN failed to allocate resources this shall be indicated in the message.
8. When the old SGSN receives the Prepare PS Handover Response message, the action taken by the old SGSN depends on the type of handover service provided:
· If loss less handover service is required the procedure proceeds as described in section 6.2.3.

· If lossy handover service is acceptable is required the procedure proceeds as described in section 6.3.3.
6.2
Loss less Handover Execution procedures

6.2.1
Loss-less Intra BSC handover

The intra BSC handover is described in bullets and in the diagram below.

NOTE: This procedure is specified in accordance with the Inter BSC Handover case but can be optimised to let the BSC handle the retransmission of not acknowledged LLC packets.
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Figure 4: Loss-less PS Handover Execution Procedure;  Intra BSC case

1. The  SGSN continues the PS Handover by sending a PS Handover Command message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSC to Source BSC transparent container) to the  BSC. The SGSN also starts queuing received N-PDUs and DL LLC PDUs towards the BSC.

2. The BSC sends the PS Handover Command message to the MS. The BSC sends this signalling message by interrupting the transmission of LLC PDUs on any of the downlink TBFs for which handover is being performed. . MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows: 

· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted are buffered.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message are also buffered.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC.

3. The MS tunes to the radio channel and timeslot allocated in the target cell by the BSC and sends 4 handover access bursts to the BSC on the allocated channel. The BSC sends Physical information (see TS 23.108) to the MS for the MS to synchronise. When synchronised the MS sends PS Handover complete to the BSC. At this point the MS begins processing buffered uplink N-PDUs associated with each PFC receiving handover treatment by sending them down to LLC. RLC/MAC then starts transmitting the LLC PDUs associated with each PFC using the appropriate uplink TBF allocated during the handover procedure.

4. The source BSC sends a PS Handover complete to the SGSN.

5. The SGSN sends a BSSGP Flush Command message to the source BSC indicating old and new cell (BVCI) for the handover.
As a response the BSC sends all LLC PDUs not yet acknowledged by RLC/MAC (if any) and all LLC PDUs for which transmission has not begun back to the old SGSN in a BSSGP Flush Ack message along with an indication of their associated PFC.

6. The SGSN queues the LLC PDUs received as a result of the flush and starts sending them to the MS using the existing LLC engine. The LLC PDUs received in the Flush Ack message from the old cell are placed in the beginning of the queue (i.e. ahead of the LLC PDUs queued as a result of N-PDUs received by the SGSN during the handover procedure). In the BSC a new RLC/MAC entity is started for each PFC receiving handover treatment and LLC PDUs associated with each PFC are sent to the MS using a downlink TBF allocated during the handover procedure.

6.2.2
Loss-less Intra SGSN handover

The intra SGSN handover is described in bullets and in the diagram below.
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Figure 5 – Loss-less PS Handover Execution Procedure;  Intra SGSN case.
1. The source BSC sends the PS Handover Command message to the MS. The BSC sends this signalling message by interrupting the transmission of LLC PDUs on any one of the downlink TBFs for which handover is being performed. Following the transmission of this signalling message the source BSC immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or it receives an MS Release Command message from the SGSN. The SGSN also starts queuing N-PDUs received from the GGSN. MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:
· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted are buffered.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message are also buffered.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC.

2. The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSC and sends 4 handover access bursts to the BSC on the allocated channel. The target BSC sends Physical information (see TS 23.108) to the MS for the MS to synchronise. When synchronised the MS sends PS Handover complete message to the target BSC. At this point the MS begins processing buffered uplink N-PDUs associated with each PFC receiving handover treatment by sending them down to LLC. RLC/MAC then starts transmitting the LLC PDUs associated with each PFC using the appropriate uplink TBF allocated during the handover procedure.

3. The target BSC sends PS Handover Complete message to the SGSN.

4. The SGSN sends a BSSGP Flush Command message to source BSC. No indication is given to source BSC about new cell (BVCI) since the new cell belongs to a new routeing area (The case where the new cell belongs to the old routeing area but a new BSC is not considered).The source BSC sends all LLC PDUs not yet acknowledged by RLC/MAC (if any) and all LLC PDUs for which transmission has not begun back to the SGSN in a BSSGP Flush Ack message along with an indication of their associated PFC. 

5. The SGSN queues the LLC PDUs received as a result of the flush and starts sending them to the MS using the existing LLC engine. The LLC PDUs received in the Flush Ack message from the old cell in the source BSC are placed in the beginning of the queue (i.e. ahead of the LLC PDUs queued as a result of N-PDUs received by the SGSN during the handover procedure). In the new BSC a new RLC/MAC entity is started for each PFC receiving handover treatment and LLC PDUs associated with each PFC are sent to the MS using a downlink TBF allocated during the handover procedure 

6. The SGSN send an MS Release message (TLLI, Handover Complete Status) to the source BSC that releases the resources currently allocated for that MS. The source BSC responds by sending an MS Release Complete message (IMSI) to the  SGSN. The handover procedure ends. This flow is FFS.

6.2.3
Loss-less Inter SGSN handover

The inter SGSN cell change is described in bullets and in the diagram below.
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Figure 6: Loss-less PS Handover Execution Procedure;  Inter SGSN case 
1. The old SGSN continues the PS Handover by sending a PS Handover Command message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSC to Source BSC transparent container) to the source BSC. The SGSN also starts queuing DL N-PDUs received from the GGSN.

2. The source BSC sends the PS Handover Command message to the MS. The BSC sends this signalling message by interrupting the transmission of LLC PDUs on any of the downlink TBFs for which handover is being performed. Following the transmission of this signalling message the source BSC immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or it receives an MS Release Command message from the old SGSN. MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:
· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted are buffered.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message are also buffered.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC.

3. The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSC and sends 4 handover access bursts to the BSC on the allocated channel. The target BSC sends Physical information (see TS 23.108) to the MS for the MS to synchronise. When synchronised the MS sends a PS Handover Complete message (TLLI, PFC(s), Handover Complete Status) to the target BSC. At this point the MS begins processing buffered uplink N-PDUs associated with each PFC receiving handover treatment by sending them down to LLC. RLC/MAC then starts transmitting the LLC PDUs associated with each PFC using the appropriate uplink TBF allocated during the handover procedure.

4. The old SGSN sends a BSSGP Flush Command message to source BSC. No indication is given to source BSC about new cell (BVCI) since the new cell belongs to a new routeing area.
The source BSC sends all LLC PDUs not yet acknowledged by RLC/MAC(if any) and all LLC PDUs for which transmission has not begun back to the old SGSN in a BSSGP Flush Ack message (LLC PDUs). Until the tunnel between GGSN and the old SGSN has been released, the old SGSN can receive new IP packets (N-PDUs) directed to the MS. 
When the old SGSN receives the Flush Ack message it identifies in the queue of buffered N-PDUs which N-PDUs the flushed LLC PDUs are associated with. These N-PDUs and the succeeding N-PDUs will be transferred to the new SGSN. Any additional N-PDUs received from GGSN will be placed at the end of the N-PDU queue. This procedure applies both for LLC operating in acknowledged and unacknowledged mode.

5. The old SGSN tunnels the N-PDUs recovered from flushed LLC PDUs to the new SGSN in an N-PDU Transfer message (a new GTP-U message) over the relay tunnel. Any additional IP packets received from the GGSN (i.e. via GTP-U messages) will also be tunnelled to the new SGSN once the initial set of N-PDUs recovered from flushed LLC PDUs have been transferred. 

6. The target BSC sends a PS Handover Complete message (TLLI, PFC(s), Handover Complete Status) to the new SGSN.

7. At this point the new SGSN may optionally invoke MS authentication (security function). The need to do so is questionable, as the old-SGSN would never attempt to handover an MS that it knows has failed authentication. The security function can be deferred and performed at any later time as well.
8. The new SGSN establishes a new SNDCP/LLC connection with the MS for each NSAPI/SAPI required and sends the relayed N-PDUs over the new LLC connections using LLC PDUs. The same N-SAPI, SAPI and PFI values as used in the old SGSN are re-used in the new SGSN. Within the BSC the RLC/MAC entity is started and the  TBFs allocated during the handover preparation phase are used for transporting the LLC-PDUs associated with each PFC receiving handover treatment.

9. The new SGSN sends an Update PDP Context Request message (new SGSN Address, TEID, QoS Negotiated) to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response message (TEID).

10. The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

11. The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN with Cancellation Type set to Update Procedure. The old SGSN starts a timer and stops the transmission of N-PDUs to the indicated MS via the source BSC. The old SGSN removes the associated MM and PDP contexts only when this timer expires. This allows the old SGSN to complete the forwarding of N‑PDUs to the new SGSN before removing the MM and PDP contexts. The old SGSN acknowledges with a Cancel Location Ack (IMSI) message.

12. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) 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 Ack (IMSI) message to the HLR

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

14. The new SGSN send a PS Handover Complete message (IMSI, Handover Complete Status) to the old SGSN. The old SGSN releases the contexts held for that MS and responds the new SGSN with a PS Handover Complete Acknowledge message (IMSI).

15. The old SGSN send an MS Release message (TLLI, Handover Complete Status) to the source BSC which releases the resources currently allocated for that MS. The source BSC responds by sending an MS Release Complete message (IMSI) to the old SGSN.

16. Once the N-PDU payload associated with all IP packets received from the GGSN for the MS have been tunnelled to the new SGSN, the old SGSN releases the relay tunnel by sending a Release Relay Tunnel Request message to the new SGSN. In addition, the old SGSN stops the timer started in step 11 and removes the MM and PDP contexts associated with the MS. The new SGSN responds by sending a Release Relay Tunnel Response message to the old SGSN. The PS handover procedure ends.

6.3
Lossy Handover Execution procedures

6.3.1 Lossy Intra BSC handover

NOTE: This procedure is specified in accordance with the Inter BSC Handover case but can be optimized to let the BSC handle the bi-casting functionality.
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Figure 7: Lossy PS Handover Execution Procedure;  Intra BSC case
1. For unacknowledged conversational data transfer (lossy) the SGSN keeps the LLC entity for each SAPI and bi-casts the LLC PDUs towards both the source and the target cell in the same BSC. The BSC continues transmitting downlink data to the MS over the source cell. The BSC also starts a blind transmission of downlink data towards the MS over the target cell. The same N-SAPI, SAPI and PFI values are kept for both downlinks. Within the BSC the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

2. The SGSN continues by sending a PS Handover Command message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSC to Source BSC transparent container ) to the BSC.

3. The BSC sends the PS Handover Command message to the MS by interrupting the transmission of LLC PDUs on the downlink TBF for which handover is being performed. Following the transmission of this signalling message the BSC immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or it receives an MS Release Command message from the old SGSN. MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:
· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted are buffered.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message are also buffered.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC QoS profile.

4. The MS tunes to the radio channel and timeslot allocated in the target cell by the BSC and sends 4 handover access bursts to the BSC on the allocated channel. The BSC sends Physical information (see TS 23.108) to the MS for the MS to synchronise. Once synchronised the MS responds then with the PS Handover Complete message (TLLI, PFI(s)) to the BSC. At this point the MS begins processing buffered uplink N-PDUs associated with each PFC receiving handover treatment by sending them down to LLC. RLC/MAC then starts transmitting the LLC PDUs associated with each PFC using the appropriate uplink TBF allocated during the handover procedure.

5. The BSC sends the PS Handover Complete message (TLLI, PFC(s), Handover Complete Status) to the SGSN.

6. The SGSN send a MS Release message (TLLI, Handover Complete Status) to the source BSC that releases the resources currently allocated for that MS. The BSC responds by sending MS Release Complete message (IMSI) to the SGSN. The PS handover procedure ends.

6.3.2 Lossy Intra SGSN handover
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Figure 8: Lossy PS Handover Execution Procedure;  Intra SGSN case
1. For unacknowledged conversational data transfer (lossy) the SGSN keeps the LLC entity for each SAPI and bi-casts downlink LLC PDUs towards both the source and the target cell in the two BSCs. The source BSC continues transmitting downlink data to the MS. The target BSC starts a blind transmission of downlink data towards the MS. The same N-SAPI, SAPI and PFI values are kept for both downlinks. Within the target BSC the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

2. The SGSN continues by sending a PS Handover Command message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSC to Source BSC transparent container ) to the source BSC.

3. The source BSC sends the PS Handover Command message to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs for which handover is being performed. If no downlink TBFs are currently allocated then BSC will send the PS Handover Command message to the MS using the downlink radio blocks associated with a timeslot for which the MS has an allocated uplink TBF.  Following the transmission of this signalling message the source BSC immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or it receives an MS Release Command message from the old SGSN. MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:
· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted are buffered.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message are also buffered.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC QoS profile.

4. The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSC and sends 4 handover access bursts to the BSC on the allocated channel. The target BSC sends Physical information (see TS 23.108) to the MS for the MS to synchronise. Once synchronised, the MS responds with the PS Handover Complete message (TLLI, PFI(s)) to the BSC. At this point the MS begins processing buffered uplink N-PDUs associated with each PFC receiving handover treatment by sending them down to LLC. RLC/MAC then starts transmitting the LLC PDUs associated with each PFC using the appropriate uplink TBF allocated during the handover procedure.

5. The target BSC sends the PS Handover Complete message (TLLI, PFC(s), Handover Complete Status) to the SGSN.

6. The SGSN sends an MS Release message (TLLI, Handover Complete Status) to the source BSC which releases the resources currently allocated for that MS. The source BSC responds by sending MS Release Complete message (IMSI) to the SGSN. The PS handover procedure ends.

6.3.3
Lossy Inter SGSN handover
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Figure 9: Lossy PS Handover Execution Procedure;  Inter SGSN case 
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 BSC.

2. For each IP packet received from the GGSN, the old SGSN from now on starts bi-casting by sending the associated LLC PDUs to the source BSC and the associated N-PDU payload is tunnelled to the new SGSN using a Relay N-PDU message. Whether duplication is done on GTP or SNDCP is FFS.

3. The new SGSN activates a new LLC entity operating in unacknowledged mode for each SAPI receiving handover treatment. Each activated LLC engine will use an initial sequence number indicated by handover related parameters sent from the old SGSN to the new SGSN. The source BSC continues transmitting downlink data to the MS. The target BSC starts a blind transmission of user data towards the MS. The same N-SAPI, SAPI and PFI values as used in the old SGSN are re-used in the new SGSN. Within BSC the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

4. The old SGSN continues the PS Handover by sending a PS Handover Command message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSC to Source BSC transparent container) to the source BSC.

5. The source BSC sends the PS Handover Command message to the MS by interrupting the transmission of LLC PDUs on the downlink TBF for which handover is being performed. Following the transmission of this signalling message the source BSC immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or it receives an MS Release Command message from the old SGSN. MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:
· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted are buffered.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message are also buffered.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC.

6. The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSC and sends 4 handover access bursts to the BSC on the allocated channel. The target BSC sends Physical information (see TS 23.108) to the MS for the MS to synchronise. Once synchronised the MS responds  with the PS Handover Complete message (TLLI, PFI(s)) to the BSC.

NOTE 1:
At this point the MS activates an LLC engine operating in unacknowledged mode for each TBF that allows lossy handover treatment. Each activated LLC engine will use an initial sequence number as per normal operation of a newly activated LLC UM engine. The MS starts transmission of user data towards the target BSC for these TBFs and uses the same N-SAPI, SAPI and PFI values that applied prior to handover. 

NOTE 2:
When an MS starts transmission of user data to the target BSC it begins with the N-PDU immediately following the last N-PDU it either partially or fully transmitted immediately prior to handover. Each uplink N-PDU received by the new SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message (sequence 9) is discarded. Once the new SGSN has updated the PDP Context for any given PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN.

7. The target BSC sends the PS Handover Complete message (TLLI, PFC(s), Handover Complete Status) to the new SGSN. 

8. At this point the new SGSN may optionally invoke MS authentication (security function). The need to do so is questionable, as the old-SGSN would never attempt to handover an MS that it knows has failed authentication. The security function can be deferred and performed at any later time as well.
9. The new SGSN sends Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message.

10. The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

11. The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN with Cancellation Type set to Update Procedure. The old SGSN starts a timer and stops the transmission of N-PDUs to the indicated MS via the source BSC. The old SGSN removes the associated MM and PDP contexts only when this timer expires. This allows the old SGSN to complete the forwarding of N‑PDUs to the new SGSN before removing the MM and PDP contexts. The old SGSN acknowledges with a Cancel Location Ack (IMSI) message.

12. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) 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 Ack (IMSI) message to the HLR

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

14. The new SGSN send a PS Handover Complete message (IMSI, Handover Complete Status) to the old SGSN. The old SGSN acknowledges the PS Handover Complete message by sending a PS Handover Complete Acknowledge message (IMSI) to the new SGSN.

15. The old SGSN send a MS Release message (TLLI, Handover Complete Status) to the source BSC which releases the resources currently allocated to that MS. The source BSC responds by sending an MS Release Complete message (IMSI) to the old SGSN.

16. Once the N-PDU payload associated with all IP packets received from the GGSN for the MS have been tunnelled to the new SGSN, the old SGSN releases the relay tunnel by sending a Release Relay Tunnel Request message to the new SGSN. In addition, the old SGSN stops the timer started in step 11 and removes the MM and PDP contexts associated with the MS. The new SGSN responds by sending a Release Relay Tunnel Response message to the old SGSN. The PS handover procedure ends.

6.4
Other procedures

6.4.1 RA and LA update

7
Realisation of services

8
Messages

8.1
GTP

· Prepare PS Handover Request 





Old SGSN -> New SGSN

8.2
BSSGP

· PS Handover Required 







BSS -> SGSN

· PS Handover Request 







SGSN ->BSS

8.3
SNDCP

8.4
LLC

8.5
RLC/MAC

9
Information elements

9.1
Source BSC to Target BSC Container

9.2
Target BSC to Source BSC Container

- Target Cell Radio Channel Allocation

- TFI(s)

- USF(s)

- Required system information in the new cell (PSI1+PSI2)

NOTE:
The PFI(s) is not required as the same values as in the Source BSC are reused.

9.3
PFC(s) To Be Set Up List

PFI(s)
The same PFI values shall be used in the new SGSN as used in the old SGSN.

9.4 Open Issues

	No
	Date
	Issue
	Action

	1
	20020819
	What is the criteria for BSS to decide when a packet flow is qualified for handover  and that normal cell reselection shall not be used? 
	

	2
	20020819
	When handover is decided for an MS shall only PFCs qualified for handover be handed over to the new cell or shall all PFC be established towards the new cell but TBFs set up only for flows qualified for handover?
	

	3
	20020819
	Shall a target BSC refuse handover if not all TBFs qualified for handover can be allocated resources?
	

	4
	20020819 
	Shall the Gs interface be mandated in order to support also an implicit LA Update at handover or shall the LA Update be deferred to the point in time when the handed over packet flow is released?
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