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Proposed Draft Input to the TS on “Packet Switched Handover for GERAN A/Gb mode; Stage 2; (Release 6) v0.1.0” on PS handover Signaling Flows

One of the Sections in the TS on “Packet Switched Handover for GERAN A/Gb mode; Stage 2; (Release 6) v0.1.0”[GP-032710] is related to the ‘Signalling Procedures’ that are to be used in the PS handover procedure in GERAN A/Gb mode.

This document provides the complete set of signalling flows (Intra Cell, Inter-BSS, Intra-SGSN, Inter-SGSN, Inter-RAT and Inter-mode) for the ‘Signalling Procedures’ Section mainly based on the “Support for Conversational Services over the PS domain (v0.10.0) ” TR with updates according to the new handover principles agreed in [GP-032719].  

The PS handover signalling procedures described in this document utilize existing GERAN A/Gb mode signalling messages on the air interface and when applicable BSSGP signalling messages on the Gb interface to convey the PS handover related information to the MS and network.

1  
Signalling Procedures

The PS handover procedure is largely based on the existing NC, namely NC2 mode mechanisms. It requires no new messages on the radio interface and it partly utilizes the BSSGP signalling messages on the Gb interface.  

PS handover procedure is based on the NC2 mode and it is defined as a new procedure as:

· Resources in the target cell are allocated while MS is still in the source cell

· P-TMSI may be allocated in the target cell while MS is still in the source cell 

· Target Cell (P)SIs are send to the MS only partially in the source cell, while the rest is acquired in the target cell by means of the PSI Status message.

A new structure containing all the related PS handover information will be introduced in the Packet Cell Change Order message [TS44.060]. Once this structure is given in the PCCO message, PS handover will take precedence over CCN and NC2 procedures.  

For an MS using NC0 and NC1 modes subject to PS handover, the network may send Packet Measurement Order message with a new <PS_HANDOVER_MODE> bit set to change current NC0 and NC1 modes to PS handover. Optionally for an MS using NC0 and NC1 modes subject to PS handover, the network may change the NC mode to NC2 mode and thereafter to PS handover.

In the Sections below signalling flows for the successful Intra Cell, Inter-BSS, Intra-SGSN, Inter-SGSN, Inter-RAT and Inter-mode PS handover are given. 

1.1 GERAN (A/Gb) ( GERAN (A/Gb) handover

1.1.1 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 BSC internally and if there are no changes in the new channel there is no need for signaling. 

Signaling 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. In this case MS, BTS and SGSN need to be notified. 

For this purpose there is no need for definition of new signaling procedures.  Instead existing modification procedures in the Um and Gb interface can be reused, i.e., PACKET TIMESLOT RECONFIGURE [TS44.060] on the air interface and MODIFY BSS PFC [TS48.018] procedure on the Gb interface.  

If the modification procedures fail BSC may cancel the intra cell PS handover procedure.  

1.1.2 Intra-BSS 

Intra-BSS PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the same BSS. Intra-BSS PS handover preparation phase and execution phase procedures are described in the Sections below.
1.1.2.1 Intra-BSS PS HO, Preparation Phase

The signalling flow for Intra BSS PS handover Preparation Phase is presented in Figure 1. 
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Figure 1: Intra BSS PS Handover Signalling Flow, Preparation Phase

1. Based on the measurement reporting BSS identifies the MS as PS handover capable and decides to initiate PS handover. 

Note: For measurement reporting PDTCH is utilized. NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The BSS determines from the cell IDs of the target and source cell that the PS Handover will be intra-NSE and does not involve a change of RA. 

3. Any necessary negotiations between the source and target cell for reserving radio resources and deciding which PFCs can be accommodated in the target cell is handled internally to the BSS.  

1.1.2.2 Intra-BSS PS HO, Execution Phase

The signaling flow for Intra-BSS PS handover Execution Phase is presented in Figure 2.
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Figure 2: Intra-BSS PS Handover Signalling Flow, Execution Phase

1. The PACKET CELL CHANGE ORDER is sent by the BSS to the MS in the normal manner. PCCO message will contain <PS_Handover_Struct> with all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell

Note: The <PS_ Handover_Struct> will contain elements of the “Target Cell to Source Cell Transparent Container”: List of PFIs for the PFCs for which the resources are allocated and the related UL TBF parameters including MAC parameters (PDCH mapping, TFI, USF, Channel Coding Comand) and (RLC parameters: RLC reset (needed only in case of Intra-NSE), channel coding); DL TBF parameters including MAC parameters (PDCH mapping, TFI); PS Handover reference and a set of (P)SI  IE , i.e.  GPRS Mobile Allocation. Other (P)SIs IE may be send in this structure as well such as GPRS cell options {NMO, T3168, T3192, DRX Timer Max, Access Burst Type, Control Ack Type}, GPRS Power Control Parameters {ALPHA, T_AVG_W, T_AVG_T, PC_MEAS_CHAN, N_AVG_I}; Target Cell Selection Struct, Cell Allocation, Reference Frequency Lists.

2. MS received the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell. 

Note: Upon receipt of the PCCO message MS derives handover TLLI [G2-040084] from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure. In case of intra-BSS handover TLLI is not needed. 

3. The MS is in the target cell and sends Packet Control Acknowledgment formatted as access bursts to the BSS in the assigned PDTCH slots to request the timing advance from the BSS. 

4. BSS respond to access bursts by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment in the target cell.

5. MS may send PACKET (P)SI Status to request the missing (P)SI.

6. BSS sends the requested (P)SIs to the MS.

1.1.3 Intra-SGSN

Intra-SGSN PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the same SGSN, different BSS. Intra-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.1.3.1 Intra-SGSN PS HO, Preparation phase

The signalling flow for Intra-SGSN PS handover Preparation Phase is presented in Figure 3.
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Figure 3: Intra-SGSN PS Handover Signalling Flow, Preparation Phase

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 SGSN, GTP tunnel(s) between SGSN and GGSN.

Note: For measurement reporting utilize PDTCH; NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The Source BSS sends a PS Handover Required (PDU type, (local) TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, Routing and Location related IE) message to the SGSN. 

The Source Cell to Target Cell Transparent Container includes when necessary BSS specific information for PS Handover co-ordination related to BSS PFC handover in the target cell, i.e. to the target BSS.

3. The SGSN identifies the target BSS and if it can accept the request sends a CREATE BSS PFC Request  {PDU type, (handover) TLLI, IMSI, PFI list, ABQP List, PFT, Service UTRAN CCO, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, MS Radio Access Capabilities} to the target BSS. SGSN may assign a new P-TMSI and determines handover TLLI from the source cell P-TMSI.

4. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the requested BSS PFC and prepares the information to be included in the Target Cell to Source Cell transparent container.   

5. Target BSS sends CREATE BSS PFC Accept {PDU type, (handover) TLLI, PFI list, ABQP list, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE} for each of the accepted BSS PFC requests. 

Note: Target BSS differentiates between the BSS PFC subject to handover and those that are not based on the ‘handover TLLI’ type’.

6. SGSN may start bi casting to the target cell nodes, i.e. target BSS.

1.1.3.2 Intra-SGSN PS HO, Execution phase

The signalling flow for Intra-SGSN PS handover Execution Phase is presented in Figure 4.
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Figure 4:  Intra-SGSN PS Handover Signalling Flow, Execution Phase 
1. The SGSN keeps the LLC entity for each SAPI associated with a PFC subject to handover and may start bi-casting of the downlink LLC PDUs towards both the source and the target cell in the two BSSs. The Source BSS continues transmitting downlink data to the MS. The target BSS may start blind transmission of downlink data towards the MS. The same N-SAPI, SAPI and PFI values are kept for both downlinks. Within the target BSS, the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

2. The SGSN continues the PS Handover by sending a PS Handover Command (PDU type, handover TLLI, IMSI, list of (accepted) PFIs, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container,  Routing and Location related IE, Service UTRAN CCO) message to source BSS.  SGSN may derive the ‘handover TLLI’ from its P-TMSI and use this value for the signalling messages as well as for data transfer until it receives the new P-TMSI in Routing Area Update Accept. 

3. The PACKET CELL CHANGE ORDER is sent by the BSS to the MS in the normal manner. PCCO message will contain all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell, i.e. PS_Handover_Struct.   

NOTE: Upon receipt of the PCCO message MS derives handover TLLI from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure. 

4. MS received the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell.

5. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the BSS.

6. Target BSS responds to access bursts by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment in the target cell.

7. MS sends PACKET (P)SI Status to request the missing (P)SI.

8. The target BSS sends the missing (P)SIs.

9. The target BSS sends the PS Handover Complete (PDU type, IMSI, TLLI} message to the SGSN to indicate that the PS Handover is completed. 

10. SGSN send the Delete BSS PFC Request to Source BSS to initiate release of the resources in the source cell. TLLI in these messages is the handover TLLI. 

11. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC Accept to SGSN.

12. Routing Area Update Procedure is performed as specified in TS 23.060. The MS sends a Routing Area Update Request (P‑TMSI, old RAI, old P‑TMSI Signature, Update Type) to the SGSN. Update Type shall indicate RA update or periodic RA update. The BSS shall add the Cell Global Identity including the RAC and LAC of the cell where the message was received before passing the message to the SGSN [TS48.018].

13. Security functions may be executed as defined in subclause "Security Function" [TS23.060].

14. If SGSN has assigned the P-TMSI upon PS handover Request it has already validated the MS's presence in the new routing area, therefore the SGSN updates the MM context for the MS and a Routeing Area Update Accept (P‑TMSI, P‑TMSI Signature) is returned to the MS.

15. If P‑TMSI was reallocated, the MS acknowledges the new P‑TMSI by returning a Routeing Area Update Complete message to the SGSN.

1.1.4 Inter-SGSN

Inter-SGSN PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the different SGSN. Inter-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.1.4.1 Inter-SGSN PS HO procedure, Preparation phase

The signalling flow for Inter-SGSN PS handover Preparation Phase is presented in Figure 5.
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Figure 5: Inter-SGSN PS Handover Signalling Flow, Preparation Phase

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 SGSN, GTP tunnel(s) between SGSN and GGSN.

Note: For measurement reporting utilize PDTCH; NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The Source BSS sends a PS Handover Required message (PDU type, (local) TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, Routing and Location related IE) to the source SGSN. The Source Cell to Target Cell Transparent Container includes when necessary BSS specific information for PS Handover co-ordination in the target cell, i.e. to the target BSS. 

3. The Source SGSN based on the TargetCell Id will determine that this is an inter-SGSN PS handover and it initiates the PS Handover by sending Prepare PS Handover Request {IMSI, (source) P-TMSI, Tunnel Endpoint Identifier Control Plane, Charging Characteristics, MM Context, PDP Context (for all active PDP Contexts), SGSN Address for Control plane, Source Cell identifier, Target Cell Identifier, Source Cell to Target Cell Transparent Container, SNDCP XID parameters, LLC XID parameters, SAPIs, NSAPIs, Routing and Location related IE, PDP Context Prioritization, Private Extension} to the target SGSN via GTP.

4. The target SGSN identifies the target BSS and if it can accept the request based on its local policies related to active PDP Contexts sends a CREATE BSS PFC Request  {PDU type, (handover) TLLI, IMSI, PFI list, ABQP List, PFT, Service UTRAN CCO, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, MS Radio Access Capabilities} to the target BSS for the PFC to be set up. Target SGSN may assign a new P-TMSI and determines handover TLLI from the source cell P-TMSI.

5. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the requested BSS PFC and prepares the information to be included in the Target Cell to Source Cell transparent container.   

6. Target BSS sends CREATE BSS PFC Accept {PDU type, handover TLLI, PFI list, ABQP list, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE} to the target SGSN for each of the created BSS PFCs .

7. Target SGSN sends Prepare PS Handover Response (IMSI, Tunnel Endpoint Identifier Control Plane, SGSN Address for Control plane, Target Cell to Source Cell Transparent Container, PFI/ list of accepted PFIs, Routing and Location related IE, Private Extension, SGSN Number) to the source SGSN.

8. When the source SGSN receives the Prepare PS Handover Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
1.1.4.2 Inter-SGSN PS HO, Execution phase

The signalling flow for Inter-SGSN PS handover Execution Phase is presented in Figure 6.
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Figure 6: Inter-SGSN PS Handover Signalling Flow, Execution Phase

1. The source 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. For each GTP packet received from the GGSN, the source SGSN from now on starts bi-casting by sending the associated LLC PDUs to the Source BSS and the associated N-PDU payload is tunnelled to the target SGSN using a Relay G-PDU message. The duplication is done on SNDCP and GTP layer.

3. The target SGSN activates the allocated LLC entity operating in unacknowledged mode for each SAPI associated with a PFC subject to handover. Each activated LLC/SNDCP engine will use an initial sequence number of 0. The Source BSS continues transmitting downlink data to the MS. The target BSS may start a blind transmission of user data towards the MS over the allocated radio channels. The same N-SAPI, SAPI and PFI values as used in the source SGSN are re-used in the target SGSN. Within the target BSS the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

4. The source SGSN continues the PS Handover by sending a PS Handover Command message (PDU type, TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE, Service UTRAN CCO) to the source BSS. 

NOTE: Only PFI(s) for PFCs accepted by the target cell are included in the message, i.e. in the Target Cell to Source Cell Container.
5. Source BSS sends the PACKET CELL CHANGE ORDER to the MS in the normal manner. PCCO message will contain all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell.  MS upon receipt of the PCCO message derives handover TLLI from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure.

6. MS receives the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell. 

7. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the network.  

8. Target BSS respond to access bursts, i.e. by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment for the target cell. 

9. MS sends PACKET (P)SI Status to request the missing (P)SI.

10. Target BSS send the Requested (P)SIs to the MS.

11. Target BSS sends PS HANDOVER COMPLETE {PDU type, IMSI, TLLI} to the target SGSN to indicate that the PS Handover is completed.  

12. Target SGSN send the Update PDP Context Request (target SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. 

13. 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 only to the target SGSN. Each uplink N-PDU received by the target SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the target SGSN has updated the PDP Context for any given PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN. 

14. Target SGSN sends PS HANDOVER COMPLETED {IMSI, TLLI (handover TLLI), Routing and Location related IE, Private Extension} to source SGSN to indicate that the PS handover to the target cell is completed.

15. Source SGSN initiates the deletion of the BSS PFCs in the source cell and sends DELETE BSS PFC to source BSS.

16. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to source SGSN.

17. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

Note: In case of PS handover the target SGSN has already all the MM contexts and PDP contexts for the MS, so there is no need for the Inter-SGSN RAU procedure as defined in TS 23.060. The Update Location with HLR procedure can start immediately after the Update PDP Context procedure with GGSN is completed.

18. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
19. The target SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

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

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

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

23. The target 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, VLR TMSI, P-TMSI signature) to the MS.

24. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.2 Inter-RAT handover (GERAN A/Gb ( UTRAN)

This Section presents the inter-RAT PS Handover between GERAN A/Gb mode and UTRAN. The inter-RAT PS Handover in GERAN A/Gb mode is defined following these principles:

1. Existing inter-RAT handover in the CS domain and PS Handover procedures in GERAN Iu mode /UTRAN should be reused as much as possible. Currently the inter-RAT handover are defined in the specifications related to GERAN [TS44.018], BSC and MSC [TS48.008], UTRAN [TS25.331, TS44.118, TS25.413] as well as [TS23.060] and [TS23.009].    

2. Content of the transparent containers that are passed through the core network will have to be defined and changed accordingly for supporting the inter-RAT PS Handover in GERAN A/Gb mode.

3. “Source adopts to the Target” principle is followed for the inter-RAT PS Handover in GERAN A/Gb mode as well.

4.  Relation  between PFCs and RABs and their QoS parameters is  to be done at the SGSN.  
1.2.1 Inter-RAT (GERAN A/Gb ( UTRAN) Intra-SGSN

Inter RAT Intra-SGSN PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the same SGSN, different RAT. 

Inter-RAT Intra-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.2.1.1.1 Inter-RAT (GERAN A/Gb ( UTRAN) Intra-SGSN PS HO procedure, Preparation phase

The signalling flow for Inter-RAT Intra-SGSN PS handover Preparation Phase is presented in Figure 7.
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Figure 7: Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN PS Handover, Preparation Phase 

9. 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 SGSN, GTP tunnel(s) between SGSN and GGSN.

Note: For measurement reporting utilize PDTCH; NC measurement reporting can be ordered as often as in SACCH every 480ms. 

10. The Source BSS sends a PS Handover Required message (PDU type, (local) TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, Routing and Location related IE) to the source SGSN. Target Cell ID contains the ID of the Target RNC.  The Source Cell to Target Cell Transparent Container includes BSS specific information for PS Handover co-ordination in the target cell, i.e. to the Target RNC.    

Note: Source Cell to Target Cell Container is similar to the Source RNC To Target RNC Transparent Container [TS25.413] and it includes the necessary information for relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

11. The SGSN, based on the TargetCell Id determines that this is an inter-RAT intra-SGSN handover, identifies the Target RNC and if it can accept the request, based on its local policies, sends a RELOCATION Request {Message Type, Permanent NAS UE Identity, Cause, CN Domain Indicator, Source RNC To Target RNC Transparent Container, RABs To Be Setup List, Integrity Protection Information, Encryption Information, Iu Signalling Connection Identifier, Global CN-ID, SNA Access Information, UESBI-Iu} message. 
The 2G/3G SGSN needs to map the PFCs subject to handover into the RABs to be Setup List Information. The connection between the RABs to be Setup and PFC subject to handover is done based on the N-SAPI related to the active PDP Contexts.
For each RAB requested to be established, RABs To Be Setup list shall contain information such as RAB ID, RAB parameters, Transport Layer Address, and Iu Transport Association. SGSN shall not establish RABs for PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s. The RAB ID information element contains the NSAPI value, and the RAB parameters information element gives the QoS profile. The Transport Layer Address is the SGSN Address for user data, and the Iu Transport Association corresponds to the uplink Tunnel Endpoint Identifier Data.

The 2G/3G SGSN derives for this intersystem change the corresponding PDCP sequence numbers from the N‑PDU sequence numbers stored in the SGSN PDP contexts by adding eight most significant bits "1". These PDCP sequence numbers are stored in the SGSN PDP contexts.

Ciphering keys are sent to the Target RNC to allow data transfer to continue in the new RAT without requiring a new AKA (Authentication and Key Agreement) procedure.  

12. The Target RNC allocates the resources for the requested RABs and prepares information that is required to be sent to the MS in the target  cell to source cell container. In [TS23.060] the transparent container contains all radio-related information that the MS needs for the handover, i.e., a complete RRC message (e.g., Physical Channel Reconfiguration in UTRAN case, or Handover From UTRAN) to be sent transparently via CN and source Source RNC   to the MS. Based on this the information included in the container is related to RAB setup and other IE similar to those in Handover to UTRAN message defined in [TS25.331].

13. Target RNC after the allocation of the radio resources, sends Relocation Request Acknowledge message {Message Type, Target Cell To Source Cell Container, New BSS to Old BSS Information, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics} 
Each RAB to be setup is defined by a Transport Layer Address, which is the Target RNC Address for user data, and the Iu Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for user data. 

14. SGSN may start bi-casting data to the target cell nodes.
1.2.1.2 Inter-RAT (GERAN A/Gb → UTRAN) Intra-SGSN PS HO procedure, Execution Phase
The signalling flow for Inter-RAT Intra-SGSN PS handover Execution Phase is presented in Figure 8.
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Figure 8 Inter-RAT (GERAN A/Gb ( UTRAN) Intra-SGSN PS Handover Signalling Flow, Execution Phase

1. The SGSN keeps the LLC entity for each SAPI associated with a PFC subject to handover, for which resources are allocated in a target cell, i.e. RAB is established during preparation phase and may start bi-casting of the downlink LLC PDUs towards both the source and the target cell. The Source BSS continues transmitting downlink data to the MS.
2. SGSN distributes the received N-PDUs over the RABs to the Target RNC.  
As defined in [TS23.060] in case of Inter- system change, N-PDUs that were already sent to the MS in acknowledged mode SNDCP and that are not yet acknowledged by the MS are tunnelled by the 2G/3G SGSN to the Target RNC together with their related N-PDU number (SNDCP sequence number). No PDCP sequence numbers shall be indicated for these N-PDUs. The Target RNC shall discard all N‑PDUs with N‑PDU sequence numbers older than the eight least significant bits of PDCP-SND received from the MS. Other N‑PDUs shall be transmitted to the MS. The MS shall discard all N‑PDUs with sequence numbers older than the eight least significant bits of the PDCP‑SNU received from the Target RNC. All other N‑PDUs shall be transmitted to the target RNC. The Target RNC negotiates with the MS for each radio bearer the use of lossless PDCP or not regardless whether the (2G) SGSN used acknowledged or unacknowledged SNDCP for the related NSAPI or not. 

3. The SGSN continues the PS Handover by sending a PS Handover Command message (PDU type, TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container,  Routing and Location related IE, Service UTRAN CCO) to the source BSS.

Note: Only PFI(s) for PFCs accepted by the target cell are included in the message, i.e. in the target cell to Source Cell Container.

4. Source BSS sends the PACKET CELL CHANGE ORDER to the MS in the normal manner. PCCO message will contain all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell.  

Note: 
<PS_Handover Struct> in PCCO will contain information related to UTRAN. This information varies depending on whether UTRAN uses predefined configuration for this UE or not. 

If UTRAN decides on the default radio configuration that is stored in the UE, the following information is send:  New U-RNTI to be assigned, Predefined configuration identity (RB configuration, transport channel and physical channel parameters), Default configuration mode, Default configuration identity, PhyCH information elements.

If UTRAN does not use a predefined radio configuration that is stored in the UE, the following information is needed: New U-RNTI to be assigned, complete set of RB, TrCH and PhyCH information elements to be used.
5. MS receives the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell.  MS upon receipt of the PCCO message derives handover TLLI from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure.

6. MS is in the target cell and sends HANDOVER TO UTRAN COMPLETE {Message Type, UE Information elements (Start List, CN Domain Identity, Start), RB Information Elements (Count-C Activation Time)} to Target RNC [seeTS25.331].

7. Target RNC sends RELOCATION DETECTED to the target SGSN to indicate that the MS is in the target cell.   The Target RNC shall send a Relocation Detect message to the Target SGSN when the relocation execution trigger is received. For SRNS relocation type "UE Involved", the relocation execution trigger may be received from the Uu interface; i.e., when Target RNC detects the MS on the lower layers. When the Relocation Detect message is sent, the Target RNC shall start Source RNC   operation.

8. Target RNC sends RELOCATION COMPLETED to the target SGSN to indicate that the PS Handover for the MS is completed.   

9. Source SGSN initiates the deletion of the BSS PFCs in the source cell and sends DELETE BSS PFC to source BSS.

10. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to source SGSN.

11. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

12. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
13. The target 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, VLR TMSI, P-TMSI signature) to the MS.

14. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.2.2 Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN

Inter-RAT Inter-SGSN PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the different SGSN and different RAT. 

Inter-RAT Inter-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.2.2.1.1 Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN PS HO procedure, Preparation phase

The signalling flow for Inter-RAT Inter-SGSN PS handover Preparation Phase is presented in Figure 9.
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Figure 9: Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN PS Handover, Preparation Phase 

15. 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 SGSN, GTP tunnel(s) between SGSN and GGSN.

Note: For measurement reporting utilize PDTCH; NC measurement reporting can be ordered as often as in SACCH every 480ms. 

16. The Source BSS sends a PS Handover Required (PDU type, (local) TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, Routing and Location related IE) message  to the source SGSN. Target Cell ID contains the ID of the Target RNC.  The Source Cell to Target Cell Transparent Container includes BSS specific information for PS Handover co-ordination in the target cell, i.e. to the Target RNC.    

Note: Source Cell to Target Cell Container is similar to the Source RNC To Target RNC Transparent Container [TS25.413] and it includes the necessary information for relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

17. The Source SGSN, based on the TargetCell Id determines that this is an inter-RAT inter-SGSN handover, and sends Prepare PS Handover Request {IMSI, (source) P-TMSI, Tunnel Endpoint Identifier Control Plane, Charging Characteristics, MM Context, PDP Context (for all active PDP Contexts), SGSN Address for Control plane, Source Cell identifier, Target Cell Identifier, Source Cell to Target Cell Transparent Container, SNDCP XID parameters, LLC XID parameters, SAPIs, NSAPIs, Routing and Location related IE, PDP Context Prioritization, Private Extension} to the target SGSN via GTP.
18. Target SGSN upon receiving Prepare PS Handover Request based on the TargetCell Id determines that this is an inter-RAT intra-SGSN handover, identifies the Target RNC and if it can accept the request, based on its local policies, sends a RELOCATION Request {Message Type, Permanent NAS UE Identity, Cause, CN Domain Indicator, Source RNC To Target RNC Transparent Container, RABs To Be Setup List, Integrity Protection Information, Encryption Information, Iu Signalling Connection Identifier, Global CN-ID, SNA Access Information, UESBI-Iu} message. 
Target SGSN needs to map the PFCs subject to handover into the RABs to be Setup List Information. The connection between the RABs to be Setup and PFC subject to handover is done based on the N-SAPI related to the active PDP Contexts.
For each RAB requested to be established, RABs To Be Setup list shall contain information such as RAB ID, RAB parameters, Transport Layer Address, and Iu Transport Association. SGSN shall not establish RABs for PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s. The RAB ID information element contains the NSAPI value, and the RAB parameters information element gives the QoS profile. The Transport Layer Address is the SGSN Address for user data, and the Iu Transport Association corresponds to the uplink Tunnel Endpoint Identifier Data.

The Target SGSN derives for this intersystem change the corresponding PDCP sequence numbers from the N‑PDU sequence numbers stored in the SGSN PDP contexts by adding eight most significant bits "1". These PDCP sequence numbers are stored in the SGSN PDP contexts.

Ciphering keys are sent to the Target RNC to allow data transfer to continue in the new RAT without requiring a new AKA (Authentication and Key Agreement) procedure.  

19. The Target RNC allocates the resources for the requested RABs and prepares information that is required to be sent to the MS in the target  cell to source cell container. In [TS23.060] the transparent container contains all radio-related information that the MS needs for the handover, i.e., a complete RRC message (e.g., Physical Channel Reconfiguration in UTRAN case, or Handover From UTRAN) to be sent transparently via CN and source Source RNC   to the MS. Based on this the information included in the container is related to RAB setup and other IE similar to those in Handover to UTRAN message defined in [TS25.331].

20. Target RNC after the allocation of the radio resources, sends Relocation Request Acknowledge message {Message Type, Target Cell To Source Cell Container, New BSS to Old BSS Information, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics} to target SGSN. 

Each RAB to be setup is defined by a Transport Layer Address, which is the Target RNC Address for user data, and the Iu Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for user data. 
21. Target SGSN upon receipt of the RELOCATION REQUEST Acknowledge message sends the Prepare PS Handover Response {IMSI, Tunnel Endpoint Identifier Control Plane, SGSN Address for Control plane, TBF handover Target Cell to Source Cell Container to Source Cell, PFI/ list of accepted PFIs, Routing and Location related IE, Private Extension, SGSN Number} message to the Source SGSN.

Note: Source SGSN derives the ‘handover TLLI’ from its P-TMSI and uses this value for the signaling messages as well as for data transfer until it receives the new P-TMSI during Routing Area Update Procedure. 

22. When the source SGSN receives the Prepare PS Handover Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
1.2.2.1.2 Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN PS HO, Execution Phase 

The signalling flow for Inter-RAT Inter-SGSN PS handover Execution Phase is presented in Figure 10.

.
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Figure 10 Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN PS Handover Signalling Flow, Execution Phase

1. The source 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. For each GTP packet received from the GGSN, the source SGSN from now on starts bi-casting by sending the associated LLC PDUs to the Source BSS and the associated N-PDU payload is tunnelled to the target SGSN using a Relay G-PDU message. The duplication is done on SNDCP and GTP layer.

The Source SGSN duplicates the received N-PDUs and starts tunneling them to the Target SGSN. N-PDUs that were already sent to the MS in acknowledged mode SNDCP and that are not yet acknowledged by the MS are tunneled together with their related SNDCP N-PDU sequence number. No PDCP sequence numbers shall be indicated for these N-PDUs. 

3. The Target SGSN distributes the received N-PDUs over the RABs to the Target RNC.  
As defined in [TS23.060] in case of Inter- system change, N-PDUs that were already sent to the MS in acknowledged mode SNDCP and that are not yet acknowledged by the MS are tunnelled by the 2G/3G SGSN to the Target RNC together with their related N-PDU number (SNDCP sequence number). No PDCP sequence numbers shall be indicated for these N-PDUs. The Target RNC shall discard all N‑PDUs with N‑PDU sequence numbers older than the eight least significant bits of PDCP-SND received from the MS. Other N‑PDUs shall be transmitted to the MS. The MS shall discard all N‑PDUs with sequence numbers older than the eight least significant bits of the PDCP‑SNU received from the Target RNC. All other N‑PDUs shall be transmitted to the target RNC. The Target RNC negotiates with the MS for each radio bearer the use of lossless PDCP or not regardless whether the (2G) SGSN used acknowledged or unacknowledged SNDCP for the related NSAPI or not. 

4. The source SGSN continues the PS Handover by sending a PS Handover Command message (PDU type, TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE, Service UTRAN CCO) to the source BSS. 

Note: Only PFI(s) for PFCs accepted by the target cell are included in the message, i.e. Target Cell to Source Cell Container.

5. Source BSS sends the PACKET CELL CHANGE ORDER to the MS in the normal manner. PCCO message will contain all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell.  

Note: <PS_Handover Struct> in PCCO will contain information related to UTRAN. This information varies depending on whether UTRAN uses predefined configuration for this UE or not. 

If UTRAN decides on the default radio configuration that is stored in the UE, the following information is send:  New U-RNTI to be assigned, Predefined configuration identity (RB configuration, transport channel and physical channel parameters), Default configuration mode, Default configuration identity, PhyCH information elements.

If UTRAN does not use a predefined radio configuration that is stored in the UE, the following information is needed: New U-RNTI to be assigned, complete set of RB, TrCH and PhyCH information elements to be used.
6. MS receives the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell.  MS upon receipt of the PCCO message derives handover TLLI from its P-TMSI and uses this value for the signaling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure.

7. MS is in the target cell and sends HANDOVER TO UTRAN COMPLETE {Message Type, UE Information elements (Start List, CN Domain Identity, Start), RB Information Elements (Count-C Activation Time )}to Target RNC [seeTS25.331].

8. Target RNC sends RELOCATION DETECTED to the target SGSN to indicate that the MS is in the target cell.   According to [TS25.413] the Target RNC shall send a Relocation Detect message to the Target SGSN when the relocation execution trigger is received. For SRNS relocation type "UE Involved", the relocation execution trigger may be received from the Uu interface; i.e., when Target RNC detects the MS on the lower layers. When the Relocation Detect message is sent, the Target RNC shall start Source RNC   operation.

9. Target SGSN send the Update PDP Context Request (target SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. 

10. 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 only to the target SGSN. Each uplink N-PDU received by the target SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the target SGSN has updated the PDP Context for any given PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN. 

11. Target RNC sends RELOCATION COMPLETED to the target SGSN to indicate that the TBF Handover for the MS is completed.   

12. Target SGSN sends PS HANDOVER COMPLETED {IMSI, TLLI (handover TLLI), Routing and Location related IE, Private Extension} to source SGSN to indicate that the PS handover to the target cell is completed.

13. Source SGSN initiates the deletion of the BSS PFCs in the source cell and sends DELETE BSS PFC to source BSS.

14. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to source SGSN.

15. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

Note: In case of PS handover the target SGSN has already all the MM contexts and PDP contexts for the MS, so there is no need for the Inter-SGSN RAU procedure as defined in TS 23.060. The Update Location with HLR procedure can start immediately after the Update PDP Context procedure with GGSN is completed.

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

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

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

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

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

21. The target 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, VLR TMSI, P-TMSI signature) to the MS.

22. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.3 Inter-RAT handover (UTRAN ( GERAN A/Gb)

1.3.1 Inter-RAT (UTRAN ( GERAN A/Gb) Intra-SGSN

Inter RAT Intra-SGSN PS Handover procedure is used by the UMTS network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the same SGSN, different RAT. 

Inter-RAT Intra-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.3.1.1 Inter-RAT (UTRAN ( GERAN A/Gb) Intra-SGSN PS HO, Preparation Phase

The signalling flow for Inter-RAT Intra-SGSN PS handover Preparation Phase is presented in Figure 11.
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Figure 11: Inter-RAT (UTRAN ( GERAN A/Gb) Intra-SGSN PS Handover, Preparation Phase

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

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

The Source RNC to Target RNC Transparent Container includes the necessary information for relocation coordination, security functionality and RRC protocol context information including the MS capabilities. 

Target ID contains the ID of the target cell BSS.

3. When the SGSN receives the Relocation Required message it determines that this is an inter-RAT Intra-SGSN PS handover it performs the mapping between N-SAPI, SAPI and PFI for each of the active PDP Context for which BSS PFC is to be established in the target BSS. 

When this is done SGSN identifies the target BSS and  sends  {PDU type, (handover) TLLI, IMSI, PFI List, ABQP List , PFT, Service UTRAN CCO, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, MS Radio Access Capabilities} to the target BSS for the PFC to be set up. 

4. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the requested BSS PFC and prepares the information to be included in the Target Cell to Source Cell transparent container.   

5. Target BSS sends CREATE BSS PFC Accept {PDU type, handover TLLI, PFI list, ABQP list, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE} to the target SGSN for each of the created BSS PFCs .

Note: for the rejected BSS PFC, target SGSN will release the PDP context.  
6. SGSN may start bicasting data to the new cell, preparation phase is finished and the execution phase will follow.
1.3.1.2 Inter-RAT (UTRAN ( GERAN A/Gb) Intra-SGSN PS HO, Execution Phase

The signalling flow for Inter-RAT Intra-SGSN PS handover Execution Phase is presented in Figure 12.
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Figure 12 Inter- RAT (UTRAN ( GERAN A/Gb) Intra-SGSN PS Handover Signalling Flow, Execution Phase

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

2. The Source SGSN continues the PS handover by sending a Relocation Command message (Target Cell to Source Cell transparent container, RABs to be Released List, RABs Subject to Data Forwarding List) to the Source RNC. “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. The transparent container will contain all information that is required by the MS to access the GERAN A/Gb mode cell.

3. The Source RNC   begins forwarding all received GTP PDUs to the TEIDs received in the relocation command message.  The Source SGSN forwards the received GTP PDU’s to the Target SGSN according to the definition in 3GPP TS 23.060.

4. The Target SGSN distributes the received N-PDUs over the PFCs to the target BSS and the target BSS may begin sending the received data over the resources assigned during the preparation phase immediately.  

The conversion of PDCP sequence numbers to SNDCP sequence numbers (the eight most significant bits shall be stripped off) shall be done at the SGSN. No N-PDU sequence numbers shall be indicated for these N-PDUs. 

5. Source RNC sends the RRC message to the UE containing an encapsulated message generated by the target BSS. It is most likely Handover from UTRAN Command for BSS relocation will be sent, however this depends on the UTRAN release. This message will have to contain target cell to source cell container with the information related to the resource allocation, uplink and downlink TBFs, in the target cell.    
6. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the network.  

7. Target BSS respond to access bursts, i.e. by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment for the target cell. 

8. MS sends PACKET (P)SI Status to request the missing (P)SI.

9. Target BSS send the Requested (P)SIs to the MS.

10. Target BSS sends PS HANDOVER COMPLETE {PDU type, IMSI, TLLI} to the target SGSN to indicate that the PS Handover is completed.  

11. Source SGSN sends Iu Release Command message to the source RNC. 

12. When the RNC data-forwarding timer has expired the source RNC responds with an Iu Release Complete.

13. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

14. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
15. The target 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, VLR TMSI, P-TMSI signature) to the MS.

16. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.3.2 Inter-RAT (UTRAN ( GERAN A/Gb) Inter-SGSN

Inter-RAT Inter-SGSN PS Handover procedure is used by the UMTS network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the different SGSN and different RAT. 

Inter-RAT Inter-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.3.2.1 Inter-RAT (UTRAN ( GERAN A/Gb) Inter-SGSN PS HO, Preparation Phase

The signalling flow for Inter-RAT Inter-SGSN PS handover Preparation Phase is presented in Figure 13.
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Figure 13: Inter-RAT (UTRAN ( GERAN A/Gb) Inter-SGSN PS Handover, Preparation Phase

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

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

The Source RNC to Target RNC Transparent Container includes the necessary information for relocation coordination, security functionality and RRC protocol context information including the MS capabilities. 

Target ID contains the ID of the target cell BSS.

3. In case of inter-SGSN PS Handover, the Source SGSN initiates the PS Handover resource allocation procedure by sending a Forward Relocation Request message (IMSI, TEI Control Plane, RANAP Cause, MM Context, PDP Contexts, RAN Transparent Container, Target Identification, SGSN Address for control plane) to the Target SGSN.

When the Target SGSN receives the Forward Relocation Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI may be allocated for the MS. The mapping is performed between N-SAPI, SAPI and PFI for each of the active PDP Context for which a BB PFC is to be established in the target BSS. Target SGSN begins the process of establishing PFCs for the PDP contexts depending on the Target SGSNs local policies.  

Note: Target SGSN derives the handover TLLI from the source cell P-TMSI.

4. The target SGSN identifies the target BSS and CREATE BSS PFC Request  {PDU type, (handover) TLLI, IMSI, PFI list, ABQP List, PFT, Service UTRAN CCO, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, MS Radio Access Capabilities} to the target BSS for the PFC to be set up. 

5. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the requested BSS PFC and prepares the information to be included in the Target Cell to Source Cell transparent container.   

6. Target BSS sends CREATE BSS PFC Accept {PDU type, handover TLLI, PFI list, accepted ABQP list, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE} to the target SGSN for each of the created BSS PFCs .

7. Target SGSN sends 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 message (Cause, Target RNC to Source RNC   Transparent Container, RAB setup information) to the Source SGSN.    The Target RNC to Source RNC  transparent container contains the information being passed from target BSS to source RNC. 
Note: for the rejected BSS PFC, target SGSN will release the PDP context.  
8. When the source 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.
1.3.2.2 Inter-RAT (UTRAN ( GERAN A/Gb) Inter-SGSN PS HO, Execution Phase

The signalling flow for Inter-RAT Inter-SGSN PS handover Execution Phase is presented in Figure 14.
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Figure 14: Inter- RAT (UTRAN ( GERAN A/Gb) Inter-SGSN PS Handover Signalling Flow, Execution Phase

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

2. The Source SGSN continues the PS handover by sending a Relocation Command message (Target Cell to Source Cell transparent container, RABs to be Released List, RABs Subject to Data Forwarding List) to the Source RNC.. “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. The transparent container will contain all information that is required by the MS to access the GERAN A/Gb mode cell.

3. The Source RNC   begins forwarding all received GTP PDUs to the TEIDs received in the relocation command message.  The Source SGSN forwards the received GTP PDU’s to the Target SGSN according to the definition in 3GPP TS 23.060.

4. The Target SGSN distributes the received N-PDUs over the PFCs to the target BSS and the target BSS may begin sending the received data over the resources assigned during the preparation phase immediately.  

In the case of GTPv1 being used between the old and Target SGSN, the conversion of PDCP sequence numbers to SNDCP sequence numbers (the eight most significant bits shall be stripped off) shall be done in the Target SGSN. No N-PDU sequence numbers shall be indicated for these N-PDUs. 

If GTPv0 is used between the SGSNs, the conversion of PDCP sequence numbers to SNDCP numbers shall be done in the old 3G-SGSN (by stripping off the eight most significant bits)

5. The source RNC sends the RRC message to the UE containing an encapsulated message generated by the target BSS. It is most likely Handover from UTRAN Command for BSS relocation will be sent, however this depends on the UTRAN release. This message will have to contain target cell to source cell container with the information related to the resource allocation, uplink and downlink TBFs, in the target cell.    
6. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the network.  

7. Target BSS respond to access bursts, i.e. by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment for the target cell. 

8. MS sends PACKET (P)SI Status to request the missing (P)SI.

9. Target BSS send the Requested (P)SIs to the MS.

10. Target BSS sends PS HANDOVER COMPLETE {PDU type, IMSI, TLLI} to the target SGSN to indicate that the PS Handover is completed.  

11. Target SGSN send the Update PDP Context Request (target SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. 

12. 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 only to the target SGSN. Each uplink N-PDU received by the target SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the target SGSN has updated the PDP Context for any given PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN. 

13. Target SGSN sends Forward Relocation Complete message to the Source SGSN to indicate the completion of the TBF Handover procedure. 

14. Source SGSN sends back FORWARD RELOCATION COMPLETE ack.

15. Source SGSN sends Iu Release Command message to the source RNC. 

16. When the RNC data-forwarding timer has expired the source RNC responds with an Iu Release Complete.

17. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

Note: In case of PS handover the target SGSN has already all the MM contexts and PDP contexts for the MS, so there is no need for the Inter-SGSN RAU procedure as defined in TS 23.060 The Update Location with HLR procedure can start immediately after the Update PDP Context procedure with GGSN is completed.

18. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
19. The target SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

20. The HLR sends Cancel Location (IMSI, Cancellation Type) to the source SGSN with Cancellation Type set to Update Procedure.  

21. The source SGSN acknowledges with a Cancel Location Ack (IMSI) message. This message allows the source SGSN to know when to release the inter-SGSN tunnel.

22. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the target SGSN. The target SGSN validates the MS presence in the (new) RA.

23. If all checks are successful then the target SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Ack (IMSI) message to the HLR. This message allows the target SGSN to know when to release the inter-SGSN tunnel.
24. The HLR acknowledges the Update Location by sending an Update Location Ack (IMSI) message to the target SGSN.
25. The target 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, VLR TMSI, P-TMSI signature) to the MS.The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.4 Inter-mode handover (GERAN A/Gb ( GERAN Iu)

This Section presents the inter-mode PS Handover between GERAN A/Gb mode and GERAN Iu mode.  
1.4.1 Inter-mode (GERAN A/Gb ( GERAN Iu) Intra-SGSN

Inter-mode Intra-SGSN PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the same SGSN, different GERAN modes. 

Inter-mode Intra-SGSN PS handover preparation phase and execution phase  procedures are described in the Sections below.
1.4.1.1.1 Inter-mode (GERAN A/Gb ( GERAN Iu) Intra-SGSN PS HO procedure, Preparation phase

The signalling flow for Inter-mode Intra-SGSN PS handover Preparation Phase is presented in Figure 15.
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Figure 15: Inter-mode (GERAN A/Gb ( GERAN Iu) Intra-SGSN PS Handover, Preparation Phase 

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 BSSand SGSN, GTP tunnel(s) between SGSN and GGSN.

Note: For measurement reporting utilize PDTCH: NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The Source BSSsends a PS Handover Required message (PDU type, (local) TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, Routing and Location related IE) to the source SGSN. Target Cell ID contains the ID of the Target BSS.  The Source Cell to Target Cell Transparent Container includes BSS specific information for PS Handover co-ordination in the target cell, i.e. to the Target BSS.    

Note: Source Cell to Target Cell Container is similar to the Source RNC To Target RNC Transparent Container [TS25.413] and it includes the necessary information for relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

3. The SGSN, based on the TargetCell Id determines that this is an inter-RAT intra-SGSN handover, identifies the Target BSS and if it can accept the request, based on its local policies, sends a RELOCATION Request {Message Type, Permanent NAS UE Identity, Cause, CN Domain Indicator, Source RNC To Target RNC Transparent Container, RABs To Be Setup List, Integrity Protection Information, Encryption Information, Iu Signalling Connection Identifier, Global CN-ID, SNA Access Information, UESBI-Iu} message. 
The 2G/3G SGSN needs to map the PFCs subject to handover into the RABs to be Setup List Information. The connection between the RABs to be Setup and PFC subject to handover is done based on the N-SAPI related to the active PDP Contexts.
For each RAB requested to be established, RABs To Be Setup list shall contain information such as RAB ID, RAB parameters, Transport Layer Address, and Iu Transport Association. SGSN shall not establish RABs for PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s. The RAB ID information element contains the NSAPI value, and the RAB parameters information element gives the QoS profile. The Transport Layer Address is the SGSN Address for user data, and the Iu Transport Association corresponds to the uplink Tunnel Endpoint Identifier Data.

The 2G/3G SGSN derives for this intersystem change the corresponding PDCP sequence numbers from the N‑PDU sequence numbers stored in the SGSN PDP contexts by adding eight most significant bits "1". These PDCP sequence numbers are stored in the SGSN PDP contexts.

Ciphering keys are sent to the Target RNC to allow data transfer to continue in the new mode without requiring a new AKA (Authentication and Key Agreement) procedure.  

4. The Target BSS, after the allocation of the radio resources, sends Relocation Request Acknowledge message {Message Type, Target RNC To Source RNC Transparent Container, New BSS To Old BSS Information, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics}. According to [TS23.060] the transparent container contains all radio-related information that the MS needs for the handover, i.e., a complete RRC message, to be sent transparently via CN and source Source RNC   to the MS. Based on this the information included in the container is related to RAB setup and other IE similar to those in Radio Bearer Reconfiguration message defined in [TS44.118]. 
5. Target BSS after the allocation of the radio resources, sends Relocation Request Acknowledge message {Message Type, Target Cell To Source Cell Container, New BSS to Old BSS Information, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics} to the SGSN. 
Each RAB to be setup is defined by a Transport Layer Address, which is the Target RNC Address for user data, and the Iu Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for user data. 
6. SGSN may start bi-casting data to the target cell nodes.
1.4.1.2 Inter-mode (GERAN A/Gb ( GERAN Iu) Intra-SGSN PS HO procedure, Execution Phase
The signalling flow for Inter-mode Inter-SGSN PS handover Execution Phase is presented in Figure 16.
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Figure 16 Inter mode (GERAN A/Gb ( GERAN Iu) Intra-SGSN PS Handover Signalling Flow, Execution Phase

1. The SGSN keeps the LLC entity for each SAPI associated with a PFC subject to handover, for which resources are allocated in a target cell, i.e. RAB is established during preparation phase and may start bi-casting of the downlink LLC PDUs towards both the source and the target cell. The Source BSS continues transmitting downlink data to the MS.
2. SGSN distributes the received N-PDUs over the RABs to the Target RNC. 
As defined in [TS23.060] N-PDUs that were already sent to the MS in acknowledged mode SNDCP and that are not yet acknowledged by the MS are tunnelled by the 2G/3G SGSN to the target BSS (Iu) together with their related N-PDU number (SNDCP sequence number). No PDCP sequence numbers shall be indicated for these N-PDUs. The target BSS (Iu) shall discard all N‑PDUs with N‑PDU sequence numbers older than the eight least significant bits of PDCP-SND received from the MS. Other N‑PDUs shall be transmitted to the MS. The MS shall discard all N‑PDUs with sequence numbers older than the eight least significant bits of the PDCP‑SNU received from the target BSS (Iu). All other N‑PDUs shall be transmitted to the Target BSS (Iu). The Target BSS (Iu) negotiates with the MS for each radio bearer the use of lossless PDCP or not regardless whether the SGSN used acknowledged or unacknowledged SNDCP for the related NSAPI or not.

3. The SGSN continues the PS Handover by sending a PS Handover Command message (PDU type, TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE, Service UTRAN CCO) to the source BSS. 

Note: Only PFI(s) for PFCs accepted by the target cell are included in the message, i.e. in the Target Cell to Source Cell transparent Container.

4. Source BSS sends the PACKET CELL CHANGE ORDER to the MS in the normal manner. PCCO message will contain all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell.  

Note: <PS_Handover Struct> in PCCO will contain information related to GERAN Iu allocated radio resources. Information Elements of the Radio Bearer Reconfiguration message will be included in this case.

5. MS receives the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell.  MS upon receipt of the PCCO message derives handover TLLI from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure.

6. MS is in the target cell and GERAN Iu mode Access burst and Physical Info are sent [seeTS44.118].

7. Target BSS sends RELOCATION DETECTED to the target SGSN to indicate that the MS is in the target cell.

8. MS sends Radio Bearer Reconfiguration Complete {RRC Transaction Identifier, Integrity Check Info,Uplink Integrity Protection Activation Info, COUNT-C Activation Time, Radio Bearer Uplink Ciphering Activation Time Info, Mobile Observed Time Difference, Uplink Counter Synchronisation Info struct, START List , CN Domain Identity, START, RB with PDCP Information List, RB with PDCP Information} message to target BSS.

9. Target BSS sends RELOCATION COMPLETED to the SGSN to indicate that the PS Handover for the MS is completed.   

10. Source SGSN initiates the deletion of the BSS PFCs in the source cell and sends DELETE BSS PFC to source BSS.

11. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to source SGSN.

12. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

13. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
14. The target 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, VLR TMSI, P-TMSI signature) to the MS.

15. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.4.2 Inter-mode (GERAN A/Gb ( GERAN Iu) Inter-SGSN

Inter-mode Inter-SGSN PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the different SGSN and different GERAN modes. Inter-mode Inter-SGSN PS handover preparation phase and execution phase procedures  are described in the Sections below.
1.4.2.1.1 Inter-mode (GERAN A/Gb ( GERAN Iu) Inter-SGSN PS HO procedure, Preparation phase

The signalling flow for Inter-mode Inter-SGSN PS handover Preparation Phase is presented in Figure 17.
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Figure 17: Inter-RAT (GERAN A/Gb ( UTRAN) Inter-SGSN PS Handover, Preparation Phase 

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 SGSN, GTP tunnel(s) between SGSN and GGSN.

Note: For measurement reporting utilize PDTCH: NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The Source BSS sends a PS Handover Required message (PDU type, (local) TLLI, IMSI, PS handover Timer, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, Routing and Location related IE) to the source SGSN. Target Cell ID contains the ID of the target BSS.  The Source Cell to Target Cell Transparent Container includes BSS specific information for PS Handover co-ordination in the target cell, i.e. to the Target RNC.    

Note: Source Cell to Target Cell Container is similar to the Source RNC To Target RNC Transparent Container [TS25.413] and it includes the necessary information for relocation co-ordination, security functionality and RRC protocol context information (including MS Capabilities).

3. The Source SGSN, based on the Target Cell Id determines that this is an inter-RAT inter-SGSN handover, and sends Prepare PS Handover Request {IMSI, (source) , Tunnel Endpoint Identifier Control Plane, Charging Characteristics, MM Context, PDP Context (for all active PDP Contexts), SGSN Address for Control plane, Source Cell identifier, Target Cell Identifier, Source Cell to Target Cell Transparent Container, SNDCP XID parameters, LLC XID parameters, SAPIs, NSAPIs, Routing and Location related IE, PDP Context Prioritization, Private Extension} to the target SGSN via GTP.
4. The SGSN, based on the TargetCell Id determines that this is an inter-RAT intra-SGSN handover, identifies the Target BSS and if it can accept the request, based on its local policies, sends a RELOCATION Request {Message Type, Permanent NAS UE Identity, Cause, CN Domain Indicator, Source RNC To Target RNC Transparent Container, RABs To Be Setup List, Integrity Protection Information, Encryption Information, Iu Signalling Connection Identifier, Global CN-ID, SNA Access Information, UESBI-Iu} message. 
The 2G/3G SGSN needs to map the PFCs subject to handover into the RABs to be Setup List Information. The connection between the RABs to be Setup and PFC subject to handover is done based on the N-SAPI related to the active PDP Contexts.
For each RAB requested to be established, RABs To Be Setup list shall contain information such as RAB ID, RAB parameters, Transport Layer Address, and Iu Transport Association. SGSN shall not establish RABs for PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s. The RAB ID information element contains the NSAPI value, and the RAB parameters information element gives the QoS profile. The Transport Layer Address is the SGSN Address for user data, and the Iu Transport Association corresponds to the uplink Tunnel Endpoint Identifier Data.

The 2G/3G SGSN derives for this intersystem change the corresponding PDCP sequence numbers from the N‑PDU sequence numbers stored in the SGSN PDP contexts by adding eight most significant bits "1". These PDCP sequence numbers are stored in the SGSN PDP contexts.

Ciphering keys are sent to the Target RNC to allow data transfer to continue in the new mode without requiring a new AKA (Authentication and Key Agreement) procedure.  

5. The Target BSS, after the allocation of the radio resources, sends Relocation Request Acknowledge message {Message Type, Target RNC To Source RNC Transparent Container, New BSS To Old BSS Information, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics}. According to [TS23.060] the transparent container contains all radio-related information that the MS needs for the handover, i.e., a complete RRC message, to be sent transparently via CN and source Source RNC   to the MS. Based on this the information included in the container is related to RAB setup and other IE similar to those in Radio Bearer Reconfiguration message defined in [TS44.118]. 
6. Target BSS after the allocation of the radio resources, sends Relocation Request Acknowledge message {Message Type, Target Cell To Source Cell Container, New BSS to Old BSS Information, RABs Setup List, RABs Failed To Setup List, Chosen Integrity Protection Algorithm, Chosen Encryption Algorithm, Criticality Diagnostics} to the SGSN. 
Each RAB to be setup is defined by a Transport Layer Address, which is the Target RNC Address for user data, and the Iu Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for user data. 
7. Target SGSN upon receipt of the RELOCATION REQUEST Acknowledge message sends the Prepare PS Handover Response {IMSI, Tunnel Endpoint Identifier Control Plane, SGSN Address for Control plane, TBF handover Target Cell to Source Cell Container to Source Cell, PFI/ list of accepted PFIs, Routing and Location related IE, Private Extension, SGSN Number} message to the Source SGSN.

Note: Source SGSN derives the ‘handover TLLI’ from its P-TMSI and uses this value for the signaling messages as well as for data transfer until the completion of the handover. 

8. When the source SGSN receives the Prepare PS Handover Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
1.4.2.1.2 Inter-mode (GERAN A/Gb ( GERAN Iu) Inter-SGSN PS HO, Execution Phase 

The signalling flow for Inter-mode Inter-SGSN PS handover Execution Phase is presented in Figure 18.
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Figure 18 Inter mode (GERAN A/Gb ( GERAN Iu) Inter-SGSN PS Handover Signalling Flow, Execution Phase

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

24. For each GTP packet received from the GGSN, the source SGSN from now on starts bi-casting by sending the associated LLC PDUs in ADM mode to the Source BSSand the associated N-PDU payload is tunnelled to the target SGSN using a Relay G-PDU message. The duplication is done on SNDCP and GTP layer. The Source SGSN duplicates the received N-PDUs and starts tunneling them to the Target SGSN. N-PDUs that were already sent to the MS in acknowledged mode SNDCP and that are not yet acknowledged by the MS are tunneled together with their related SNDCP N-PDU sequence number. No PDCP sequence numbers shall be indicated for these N-PDUs. 

25. The Target SGSN distributes the received N-PDUs over the RABs to the target BSS.  
As defined in [TS23.060] N-PDUs that were already sent to the MS in acknowledged mode SNDCP and that are not yet acknowledged by the MS are tunnelled by the 2G/3G SGSN to the target BSS (Iu) together with their related N-PDU number (SNDCP sequence number). No PDCP sequence numbers shall be indicated for these N-PDUs. The target BSS (Iu) shall discard all N‑PDUs with N‑PDU sequence numbers older than the eight least significant bits of PDCP-SND received from the MS. Other N‑PDUs shall be transmitted to the MS. The MS shall discard all N‑PDUs with sequence numbers older than the eight least significant bits of the PDCP‑SNU received from the target BSS (Iu). All other N‑PDUs shall be transmitted to the Target BSS (Iu). The Target BSS (Iu) negotiates with the MS for each radio bearer the use of lossless PDCP or not regardless whether the SGSN used acknowledged or unacknowledged SNDCP for the related NSAPI or not.
26. The source SGSN continues the PS Handover by sending a PS Handover Command message (PDU type, TLLI, IMSI, PFI (list of accepted PFIs), PS handover Timer, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE, Service UTRAN CCO) to the source BSS. NOTE: Only PFI(s) for PFCs accepted by the target cell are included in the message.

27. Source BSS sends the PACKET CELL CHANGE ORDER to the MS in the normal manner. PCCO message will contain all the resource allocation information for the accepted PFC and PS Handover related information needed for the MS to access the target cell.  

Note: <PS_Handover Struct> in PCCO will contain information related to GERAN Iu allocated radio resources. Information Elements of the Radio Bearer Reconfiguration message will be included in this case.

28. MS receives the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell.  MS upon receipt of the PCCO message derives handover TLLI from its P-TMSI and uses this value for the signaling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure.

29. MS is in the target cell and GERAN Iu mode Access burst and Physical Info are sent [seeTS44.118].

30. Target RNC sends RELOCATION DETECTED to the target SGSN to indicate that the MS is in the target cell.   The Target RNC shall send a Relocation Detect message to the Target SGSN when the relocation execution trigger is received. For SRNS relocation type "UE Involved", the relocation execution trigger may be received from the Uu interface; i.e., when Target RNC detects the MS on the lower layers. When the Relocation Detect message is sent, the Target RNC shall start Source RNC   operation.

31. MS sends Radio Bearer Reconfiguration Complete {RRC Transaction Identifier, Integrity Check Info,Uplink Integrity Protection Activation Info, COUNT-C Activation Time, Radio Bearer Uplink Ciphering Activation Time Info, Mobile Observed Time Difference, Uplink Counter Synchronisation Info struct, START List , CN Domain Identity, START, RB with PDCP Information List, RB with PDCP Information} message to target BSS.

32. Target SGSN send the Update PDP Context Request (target SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. 

33. 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 only to the target SGSN. Each uplink N-PDU received by the target SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the target SGSN has updated the PDP Context for any given PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN. 

34. Target RNC sends RELOCATION COMPLETED to the target SGSN to indicate that the TBF Handover for the MS is completed.   

35. Target SGSN sends PS HANDOVER COMPLETED {IMSI, TLLI (handover TLLI), Routing and Location related IE, Private Extension} to source SGSN to indicate that the PS handover to the target cell is completed.

36. Source SGSN initiates the deletion of the BSS PFCs in the source cell and sends DELETE BSS PFC to source BSS.

37. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to source SGSN.

38. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

Note: In case of PS handover the target SGSN has already all the MM contexts and PDP contexts for the MS, so there is no need for the Inter-SGSN RAU procedure as defined in TS 23.060. The Update Location with HLR procedure can start immediately after the Update PDP Context procedure with GGSN is completed

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

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

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

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

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

44. The target 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, VLR TMSI, P-TMSI signature) to the MS.

45. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.5 Inter-mode handover (GERAN Iu ( GERAN A/Gb)  

This Section presents inter-mode PS handover from GERAN Iu to GERAN A/Gb mode.

As specified when a handover which results in change from Iu mode (i.e. from the RRC-Cell_Dedicated state) to A/Gb mode is performed, the RR dedicated mode of operation shall be entered.
1.5.1 Inter-mode (GERAN Iu ( GERAN A/Gb) Intra-SGSN

Inter-mode Intra-SGSN PS Handover procedure is used by the GSM/EDGE Iu mode network to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the different SGSN and different GERAN modes. Resources in the target cell are allocated while MS is still in the source cell. 

Inter-mode Intra-SGSN PS handover procedure preparation phase and execution phase  procedures are described in the Sections below.
1.5.1.1 Inter-mode (GERAN Iu ( GERAN A/Gb) Intra-SGSN PS HO, Preparation Phase

The signalling flow for Inter-mode Intra-SGSN PS handover Preparation Phase is presented in Figure 19.
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Figure 19: Inter-mode (GERAN Iu ( GERAN A/Gb) Intra-SGSN PS Handover, Preparation Phase

7. Based on measurement results and knowledge of the RAN topology, the Source BSS decides to initiate an Inter-mode PS handover towards the GERAN. At this point both uplink and downlink user data flows via the following tunnel(s): Radio Bearer between the MS and the Source BSS; GTP-U tunnel(s) between the Source BSS and SGSN; GTP-U tunnel(s) between the SGSN and the GGSN.

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

The Source RNC to Target RNC Transparent Container includes the necessary information for relocation coordination, security functionality and RRC protocol context information including the MS capabilities. 

Target ID contains the ID of the target cell BSS.

9. When the SGSN receives the Relocation Required message it determines that this is an inter-mode Intra-SGSN PS handover it performs the mapping between N-SAPI, SAPI and PFI for each PDP Context which is established and provided to the target BSS. 

When this is done SGSN identifies the target BSS and  sends CREATE BSS PFC Request  {PDU type, (handover) TLLI, IMSI, PFI list, ABQP List, PFT, Service UTRAN CCO, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, MS Radio Access Capabilities} to the target BSS for the PFC to be set up. 

10. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the requested BSS PFC and prepares the information to be included in the Target Cell to Source Cell transparent container.   

11. Target BSS sends CREATE BSS PFC Accept {PDU type, handover TLLI, PFI list, ABQP list, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE} to the target SGSN for each of the created BSS PFCs .

Note: for the rejected BSS PFC, target SGSN will release the PDP context.  
12. SGSN may start bicasting data to the new cell, preparation phase is finished and the execution phase will follow.
1.5.1.2 Inter-mode (GERAN Iu ( GERAN A/Gb) Intra-SGSN PS HO, Execution Phase

The signalling flow for Inter-RAT Intra-SGSN PS handover Execution Phase is presented in Figure 20.
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Figure 20: Inter-mode (GERAN Iu ( GERAN A/Gb) Intra-SGSN PS Handover Signalling Flow, Execution Phase

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

2. SGSN continues the PS handover by sending a Relocation Command message (Target Cell to Source Cell transparent container, RABs to be Released List, RABs Subject to Data Forwarding List) to the Source 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. The transparent container will contain all information that is required by the MS to access the GERAN A/Gb mode cell.

3. The Source BSS begins forwarding all received GTP PDUs to the TEIDs received in the relocation command message.  The Source SGSN forwards the received GTP PDU’s to the SGSN according to the definition in 3GPP TS 23.060.

4. SGSN distributes the received N-PDUs over the PFCs to the target BSS and the target BSS may begin sending the received data over the resources assigned during the preparation phase immediately.  

The conversion of PDCP sequence numbers to SNDCP sequence numbers (the eight most significant bits shall be stripped off) shall be done at the SGSN. No N-PDU sequence numbers shall be indicated for these N-PDUs. 

5. The source BSS sends the Handover Command from GERAN Iu message to the MS received in the transparent container from the target BSS. This message will have to contain target cell to source cell container with the information related to the resource allocation, uplink and downlink TBFs, in the target cell.    
6. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the network.  

7. Target BSS respond to access bursts, i.e. by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment for the target cell. 

8. MS sends PACKET (P)SI Status to request the missing (P)SI.

9. Target BSS send the Requested (P)SIs to the MS.

10. Target BSS sends PS HANDOVER COMPLETE {PDU type, IMSI, TLLI} to the target SGSN to indicate that the PS Handover is completed.  

11. Source SGSN sends Iu Release Command message to the source RNC. 

12. When the RNC data-forwarding timer has expired the source RNC responds with an Iu Release Complete.

13. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

14. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
15. The target 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, VLR TMSI, P-TMSI signature) to the MS.

16. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
1.5.2 Inter-mode (GERAN Iu ( GERAN A/Gb) Inter-SGSN

Inter-mode Inter-SGSN PS Handover procedure is used by the GSM/EDGE network Iu mode to force an MS with one or more packet flows to move between 2 cells (source cell and target cell) located within the different SGSN and different GERAN modes. 

Inter-mode Inter-SGSN PS handover preparation phase and execution phase procedures are described in the Sections below.
1.5.2.1 Inter-mode (GERAN Iu ( GERAN A/Gb) Inter-SGSN PS HO, Preparation Phase

The signalling flow for Inter-mode Inter-SGSN PS handover Preparation Phase is presented in Figure 21.
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Figure 21: Inter-mode (GERAN Iu ( GERAN A/Gb) Inter-SGSN PS Handover, Preparation Phase

46. Based on measurement results  Source BSS decides to initiate an Inter-mode PS handover towards the GERAN A/Gb mode. At this point both uplink and downlink user data flows via the following tunnel(s): Radio Bearer between the MS and the source Source BSS ; GTP-U tunnel(s) between the source Source BSS and the Source SGSN; GTP-U tunnel(s) between the Source SGSN and the GGSN.

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

The Source RNC to Target RNC Transparent Container includes the necessary information for relocation coordination, security functionality and RRC protocol context information including the MS capabilities. 

Target ID contains the ID of the target cell BSS.

9. In case of inter-SGSN PS Handover, the Source SGSN initiates the PS Handover resource allocation procedure by sending a Forward Relocation Request message (IMSI, TEI Control Plane, RANAP Cause, MM Context, PDP Contexts, RAN Transparent Container, Target Identification, SGSN Address for control plane) to the Target SGSN.

When the Target SGSN receives the Forward Relocation Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI may be allocated for the MS. The mapping is performed between N-SAPI, SAPI and PFI for each of the active PDP Context for which a BB PFC is to be established in the target BSS. Target SGSN begins the process of establishing PFCs for the PDP contexts depending on the Target SGSNs local policies.  

Note: Target SGSN derives the handover TLLI from the source cell P-TMSI.

10. The target SGSN identifies the target BSS and CREATE BSS PFC Request  {PDU type, (handover) TLLI, IMSI, PFI List, ABQP List, PFT, Service UTRAN CCO, SourceCell ID, TargetCell ID, Source Cell to Target Cell Transparent Container, MS Radio Access Capabilities} to the target BSS for the PFC to be set up. 

11. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the requested BSS PFC and prepares the information to be included in the Target Cell to Source Cell transparent container.   

12. Target BSS sends CREATE BSS PFC Accept {PDU type, handover TLLI, PFI list, ABQP list, SourceCell ID, TargetCell ID, Target Cell to Source Cell Transparent Container, Routing and Location related IE} to the target SGSN for each of the created BSS PFCs .

13. Target SGSN sends 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 message (Cause, TRNC to Source RNC   Transparent Container, RAB setup information) to the Source SGSN.    The TRNC to Source RNC   transparent container contains the information being passed from target BSS to source RNC. 
Note: for the rejected BSS PFC, target SGSN will release the PDP context.  
14. When the source 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.
1.5.2.2 Inter-mode (GERAN Iu  ( GERAN A/Gb) Inter-SGSN PS HO, Execution Phase

The signalling flow for Inter-mode Inter-SGSN PS handover Execution Phase is presented in Figure 22.
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Figure 22: Inter- mode (GERAN Iu ( GERAN A/Gb) Inter-SGSN PS Handover Signalling Flow, Execution Phase

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

2. SGSN continues the PS handover by sending a Relocation Command message (Target Cell to Source Cell transparent container, RABs to be Released List, RABs Subject to Data Forwarding List) to the Source 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. The transparent container will contain all information that is required by the MS to access the GERAN A/Gb mode cell.

3. The Source BSS begins forwarding all received GTP PDUs to the TEIDs received in the relocation command message.  The Source SGSN forwards the received GTP PDU’s to the SGSN according to the definition in 3GPP TS 23.060.

4. The Target SGSN distributes the received N-PDUs over the PFCs to the target BSS and the target BSS may begin sending the received data over the resources assigned during the preparation phase immediately.  

In the case of GTPv1 being used between the old and Target SGSN, the conversion of PDCP sequence numbers to SNDCP sequence numbers (the eight most significant bits shall be stripped off) shall be done in the Target SGSN. No N-PDU sequence numbers shall be indicated for these N-PDUs. 

If GTPv0 is used between the SGSNs, the conversion of PDCP sequence numbers to SNDCP numbers shall be done in the old 3G-SGSN (by stripping off the eight most significant bits)

5. The source BSS sends the Handover Command from GERAN Iu message to the MS received in the transparent container from the target BSS. This message will have to contain target cell to source cell container with the information related to the resource allocation, uplink and downlink TBFs, in the target cell.    
6. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the network.  

7. Target BSS respond to access bursts, i.e. by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment for the target cell. 

8. MS sends PACKET (P)SI Status to request the missing (P)SI.

9. Target BSS send the Requested (P)SIs to the MS.

10. Target BSS sends PS HANDOVER COMPLETE {PDU type, IMSI, TLLI} to the target SGSN to indicate that the PS Handover is completed.  

11. Target SGSN send the Update PDP Context Request (target SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. 

12. 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 only to the target SGSN. Each uplink N-PDU received by the target SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the target SGSN has updated the PDP Context for any given PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN. 

13. Target SGSN sends Forward Relocation Complete message to the Source SGSN to indicate the completion of the TBF Handover procedure. 

14. Source SGSN sends back FORWARD RELOCATION COMPLETE ack.

15. Source SGSN sends Iu Release Command message to the source BSS. 

16. When the source BSS data-forwarding timer has expired, source BSS responds with an Iu Release Complete.
17. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the target SGSN informing that the source cell belongs to a new routing area. 

18. Note: In case of PS handover the target SGSN has already all the MM contexts and PDP contexts for the MS, so there is no need for the Inter-SGSN RAU procedure as defined in TS 23.060 The Update Location with HLR procedure can start immediately after the Update PDP Context procedure with GGSN is completed.

26. At this point the target SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
27. The target SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

28. The HLR sends Cancel Location (IMSI, Cancellation Type) to the source SGSN with Cancellation Type set to Update Procedure.  

29. The source SGSN acknowledges with a Cancel Location Ack (IMSI) message. This message allows the source SGSN to know when to release the inter-SGSN tunnel.

30. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the target SGSN. The target SGSN validates the MS presence in the (new) RA.

31. If all checks are successful then the target SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Ack (IMSI) message to the HLR. This message allows the target SGSN to know when to release the inter-SGSN tunnel.
32. The HLR acknowledges the Update Location by sending an Update Location Ack (IMSI) message to the target SGSN.
33. The target 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, VLR TMSI, P-TMSI signature) to the MS. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
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