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PS Handover in A/Gb mode Signalling

1 Scope

To be filled in.

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.

GBR

Guaranteed Bit Rate

GGSN

Gateway GPRS Support Node

SGSN

Serving GPRS Support Node

QoS

Quality of Service
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1. Decision to perform

    A/Gb PS Handover

6. Either

§

 

the old SGSN may start 

bi-casting of data to new BSC (see chapter 6.3.2) or

§

 

the procedure for loss less data transfer may be performed (see chapter 6.2.2).

4. Reservation of Radio Resources in target BSC


Figure 1: PS Handover Procedure 

1. The source BSC decides to initiate a PS handover. At this point both uplink and downlink user data flows via the following tunnel(s): 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 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 intra-SGSN PS Handover, the old SGSN keeps the PDP, MM and SNDCP contexts but a new LLC context is established. 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 need for a ‘slim’ RA/LA Update within or after the handover procedure in order to update also the MSC and the HLR is for further study. It is FFS if NMO1 and the Gs interface is mandated.

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 old 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 to be set up. 

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 old 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 set up. 

6. The following actions taken by the old SGSN depends on the type of service to be handed over:
· If loss less data transfer is required the procedure proceeds as described in section 6.2.2.

· If bi-casting is required (lossy service is acceptable) the procedure proceeds as described in section 6.3.2.
6.1.3 Inter SGSN handover
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the procedure for loss less data transfer may be performed (see chapter 6.2.3).

5. Reservation of Radio Resources in target BSC


Figure 2: PS Handover Procedure 

1. The source BSC decides to initiate a PS handover. At this point both uplink and downlink user data flows via the following tunnel(s): 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:
The need for a ‘slim’ RA/LA Update within or after the handover procedure in order to update also the MSC and the HLR is for further study. It is FFS if NMO1 and the Gs interface is 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 allocates a TBF and USFs for each PFC to be set up. 

6.
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 new 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 new SGSN for each PFC set up. 

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 sent or the bi-casted SNDCP N-PDUs, i.e. the PS Handover resource allocation 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 service to be handed over:
· If loss less data transfer is required the procedure proceeds as described in section 6.2.3.

· If bi-casting (lossy service is acceptable) is required the procedure proceeds as described in section 6.3.3.
6.2
Loss less data transfer

6.2.1
Intra BSC handover

The intra BSC handover is described in bullets and in the diagram below.
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Figure 3 - Management of data at intra BSC PS handover.

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.

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 the downlink TBF for which handover is being performed. When  the MS receives the PS Handover Command message the RLC/MAC entity  delivers UL LLC PDUs, not completely acknowledged by the BSC, to the LLC layer. The not acknowledged LLC PDUs will be transferred by the LLC entity in the MS after the handover . The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSC. 

3. The old SGSN sends a BSSGP Flush Command message to the source BSC indicating old and new cell (BVCI) for the handover.

4. 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). 

5. The MS sends PS Handover complete to the source BSC.

6. The source BSC sends PS Handover complete to old SGSN.

7. The old SGSN sends the queued LLC PDUs to the MS using the existing LLC engine. The LLC PDUs received in the Flush ack message from the old cell is placed in the beginning of the queue. In the BSC a new RLC/MAC entity is started. Up link data is also transferred at this point in the sequence diagram. The procedure ends.

6.2.2
Intra SGSN handover

The intra SGSN handover is described in bullets and in the diagram below.
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Figure 4 – Management data at Intra-SGSN PS Handover.
1. 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 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. When the MS receives the PS Handover Command message the RLC/MAC entity delivers UL LLC PDUs, not completely acknowledged by the BSC, to the LLC layer. The not acknowledged LLC PDUs will be transferred by the LLC entity in the MS after the handover. The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSC.

2. 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 case where the new cell belongs to the old routeing are but a new BSC is not considered).

3. 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) message. 

4. The MS sends PS Handover complete message to the target BSC.

5. The target BSC sends PS Handover complete message to old SGSN.

6. The old SGSN sends the queued LLC PDUs 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 is placed in the beginning of the queue. In the new BSC a new RLC/MAC entity is started. Up link data is also transferred at this point in the sequence diagram. 

7. The old SGSN send an MS Release message (TLLI, Handover Complete Status) to the source BSC which releases the resources held for that MS. This flow is FFS.

8. The source BSC responds by sending an MS Release Complete message (IMSI) to the old SGSN. The handover procedure ends. This flow is FFS.

6.2.3
Inter SGSN handover

The inter SGSN cell change is described in bullets and in the diagram below.
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Figure 5 – Management of data at Inter-SGSN PS Handover.
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.

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 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. When the MS receives the PS Handover Command message the RLC/MAC entity delivers UL LLC PDUs, not completely acknowledged by the BSC, to the LLC layer. The not acknowledged LLC PDUs will be transferred by the LLC entity in the MS after the handover. 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.  

3. 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.

4. 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 relates to. 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 sets up a tunnel to the new SGSN by sending a Create Relay Tunnel Request message (a new GTP-C message) in order to relay N-PDUs containing data not yet transmitted to the new SGSN.

6. The new SGSN responds with a Create Relay Tunnel Response message to the old SGSN.

7. The old SGSN tunnels the N-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. 

8. The MS sends a PS Handover complete message (TLLI, PFC(s), Handover Complete Status) to target BSC.

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

10. 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. 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 already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

11. Once all N-PDUs have been tunnelled to the new SGSN, the old SGSN begins tunnelling buffered IP packets to the new SGSN by sending the PDU Notification messages (existing GTP-U messages) over the relay tunnel. The PDU Notification messages include a TEI that maps to the N-SAPI originally allocated in the old SGSN.
The LLC and SNDCP engines in the old SGSN can be released once all flushed LLC PDUs have been tunnelled to the new SGSN.

12. The new SGSN sends an Update PDP Context Request message (new SGSN Address, TEID, QoS Negotiated) to the GGSNs concerned. The GGSNs update their PDP context fields and return an Update PDP Context Response message (TEID).

13. Once all buffered IP packets 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 which responds with a Release Relay Tunnel Response message.

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

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

16. The old SGSN send an MS Release message (TLLI, Handover Complete Status) to the source BSC which releases the resources held for that MS.

17. The source BSC responds by sending an MS Release Complete message (IMSI) to the old SGSN. The handover procedure ends.

6.3
Bi-casting

6.3.1
Intra BSC handover

6.3.2
Intra SGSN handover

6.3.3
Inter SGSN handover
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Figure 6 -  Bi-casting of conversational data

1. For unacknowledged conversational data transfer (lossy) the old SGSN sends a Create Relay Tunnel Request message (a new GTP-C message).

2. The new SGSN responds by sending a Create Relay Tunnel Response message back to the old SGSN.

3. For each IP packet received from the GGSN, the old SGSN from now on sends the associated LLC PDUs to the source BSC and the associated N-PDU is tunnelled to the new SGSN using a PDU Notification message.

4. The new SGSN establish a new LLC connection for each SAPI required and sends the LLC PDUs towards the target BSC together with their related LLC sequence numbers. 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.

5. 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.

6. 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 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. When the MS receives the PS Handover Command message the RLC/MAC entity delivers UL LLC PDUs, not completely acknowledged by the BSC, to the LLC layer. The not acknowledged LLC PDUs will be transferred by the LLC entity in the MS after the handover. 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.

7. 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. The MS responds then with the PS Handover Complete message (TLLI, PFI(s)) to the BSC.

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

9. The new SGSN sends Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) to the GGSNs concerned. The GGSNs update their PDP context fields and return Update PDP Context Response (TEID).

10. Once all buffered IP packets 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 which responds with a Release Relay Tunnel Response message

11. The new SGSN send a PS Handover Complete message (IMSI, Handover Complete Status) to the old SGSN

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

13. The old SGSN send a MS Release message (TLLI, Handover Complete Status) to the source BSC which releases the resources held for that MS.

14. The source BSC responds by sending MS Release Complete message (IMSI) 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

8.2
BSSGP

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.
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