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Handover between GERAN A/Gb mode, GERAN Iu mode and UTRAN 

1
Introduction

The objective of this contribution is to identify what existing mobility management functionality can be used or modified and what additional functionality is required in order to achieve handover when moving within GERAN and between GERAN and UTRAN.

For GERAN A/Gb mode, only CS handover is considered. For PS handover, only non-realtime bearers are considered. The hard handover and SRNS relocation scenarios presented will work without an Iu-rg interface. The new handover scenarios that will be introduced for GERAN Iu mode are handover to and from another BSS in Iu mode, to and from GERAN in A/Gb mode and UTRAN. 

The assumption is that an intra-Iu mode handover will from the core network point of view reuse the same existing procedures regardless if it is within GERAN Iu, within UTRAN or between GERAN Iu and UTRAN. Likewise, an inter-mode handover between A/Gb and Iu mode will reuse the same existing procedures in the MSC regardless if it is an inter-RAT GERAN A/Gb and UTRAN or if it is within GERAN. However the content of the transparent containers that are passed through the core network will be different.

It is also proposed that for a GERAN target cell that supports both A/Gb and Iu modes of operation, the CGI should be used as target cell address when handover is performed to A/Gb mode and UC-id

should be used as target cell address when handover is performed to Iu mode. This allows the operator to either always direct the MS to Iu mode of operation or to perform load sharing between 2G and 3G CS MSC’s.

The algorithms for determining the target cell and interface mode selection are outside the scope of this contribution.

2
Handover

UTRAN Target System

In UTRAN today, predefined RB configuration parameters are broadcasted by the system in SI16 [6].

When the target system is UTRAN, the “HO Command” (existing) [8] or “Handover from GERAN Command” (new) contains;

1) the required RB configuration parameters for those RB’s to be established in target system (if CHOICE Specification Mode indicates ‘Complete Specification’ [6]).

2) a reference list of those RB’s to be established in target system (if CHOICE Specification Mode indicates ‘Preconfiguration’ [6]). For this scenario, the MS relies on SI16.

3) a reference list to those hard configured RB’s (as defined in standards) to be established in target system.

It is proposed that the same procedures for transfering RB parameters shall be adopted regarless if the source system is GERAN A or GERAN Iu. It is for further study if extension to the present RB configuration parameters is required for handover to UTRAN from GERAN Iu-ps.

GERAN Iu Target System
It is FFS how RB parameters are transferred to UE/MS when the target is GERAN Iu mode. The procedure neccesary are very much dependent on how many RB parameters that are defined in GERAN Iu and if the source system is GERAN A/Gb or UTRAN.

GERAN A/GbTarget System
For handover to GERAN A/Gb mode all required RB related information will be sent to the MS in the “Handover Command” [8].

The contents of “Source RNC to Target RNC Transparent Container” and “Target RNC to Source RNC Transparent Container” will require modifications based on source-target systems involved. 

Textual edits are required for “Source ID” and “Target ID” in [5] and some handover related messaging in [5] and [7]. 

2.1      PS Domain

2.1.1
GERAN Iu-ps to Utran iu-ps
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Figure 1.

1. When the GERAN currently supporting the UE/MS determines that the UE/MS requires to be handed over to UTRAN, it will send an IU-RELOCATION-REQUIRED message to the SGSN/GGSN. The IU-RELOCATION-REQUIRED message shall contain a single cell, identified by its UC-id, to which the UE/MS can be handed over to. The “Target ID” IE will require textual edits. “Source RNC to Target RNC Container” IE will require modifications. Source_ID IE of source RAN is the RNC_ID. Target_ID IE of target RAN is the RNC_ID.

2. The SGSN/GGSN will begin the process of handing over and shall generate an IU-RELOCATION-REQUEST message and sends it to the selected UTRAN as indicated in “Target ID”. The IU-RELOCATION-REQUEST will contain the modified “Source RNC to Target RNC Container” IE as received in the IU-RELOCATION-REQUIRED message. This message indicates the resources which are required for handover.

3. When UTRAN receives the an IU-RELOCATION-REQUEST message, it shall take necessary actions to allow the UE/MS to access its radio resources. Once resource allocation of all accepted RAB’s is complete, UTRAN will create tunnel with target SGSN [4] and return an IU-RELOCATION-REQUEST-ACK to the SGSN/GGSN. The “Target RNS to Source RNC” container will include the ‘Handover to UTRAN Command’.

4. The SGSN/GGSN continues the relocation of SRNS by sending an IU-RELOCATION-COMMAND to the source RAN (GERAN). The “Target RNS to Source RNC” container will include the ‘Handover to UTRAN Command’. The command also contains the required transport layer addressing used for forwarding of DL-N-PDU from the source RNC to target RNC. The source RNC configures the required forwarding tunnel to target RNC with data provided.

5. GERAN defines a new message, “Handover From GERAN Command” message which contains the “Handover to UTRAN Command” and specified UMTS RB information (complete/preconfigured). The message contents were generated by source RNC and tunnelled to target RNC.

6. The source RNC continues the execution of relocation of SRNS by sending a FORWARD-SRNS-CONTEXT (non-realtime RAB contexts) message to the target RNC via the core network [2]. 

7. The SGSN/GGSN will then forward the SRNS contexts for each referenced non-realtime RAB to the target RAN (UTRAN) [2].

8. After having sent the FORWARD-SRNS-CONTEXT message, the source RNC will;

· for lossless RABs; stop processing DL GTP- PDUs data and store all buffered  & arriving DL GTP-PDUs

· for lossless RABs; start duplicating all arrived and not acknowledged &  

                   arriving  DL GTP-PDUs towards target RNC (i.e. UTRAN).

9. On detection of the UE/MS (i.e. L1/L2 establishment), UTRAN will send an IU-RELOCATION-DETECT message to the SGSN/GGSN. UTRAN is now the serving RAN. The SGSN switches the user plane from source SRNC to target SRNC. For inter SGSN SRNS relocation, PDP context updating is also executed.

10. When the UE/MS is successfully communicating with the UTRAN (i.e. UE/MS has reconfigured itself), the UE/MS will send a Handover to UTRAN Complete message to UTRAN. UTRAN will start the PDCP entity and;

· for all lossless RABs; start UL reception of data and start transmission of UL    

      GTP-PDUs towards SGSN/GGSN via the new GTP tunnels. The radio interface protocols 

      may need to be reset in order to start radio interface reception.

                   -     for lossless RABs: start processing the buffered and arriving DL GTP-PDUs and start DL                  

      transmission towards UE. The radio interface protocols are reset as specified for Release 99    

      by R2.
11. The UTRAN will then send an IU-RELOCATION-COMPLETE message to the SGSN/GGSN. If source and target SGSN are different, PDP context updating in GGSN is then initiated [4].

12. The SGSN/GGSN will commence release of Iu resources with source RAN by sending IU-RELEASE-COMMAND message to GERAN. 

13. GERAN will perform all necessary clean-up actions and return an IU-RELEASE-COMPLETE message to the SGSN/GGSN. 
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1. When the UTRAN currently supporting the UE/MS determines that the UE/MS requires to be handed over to GERAN, it will send an IU-RELOCATION-REQUIRED message to the SGSN/GGSN. The IU-RELOCATION-REQUIRED message shall contain a single cell, identified by its UC-id, to which the UE/MS can be handed over to. The “Target ID”  and “Source ID” IE’s will require textual edits. The IU-RELOCATION-REQUIRED message must also include the “Target Cell ID”. Source_ID IE of source RAN is the RNC_ID. Target_ID IE of target RAN is the RNC_ID.

2. The SGSN/GGSN will begin the process of handing over and shall generate an IU-RELOCATION-REQUEST message and sends it to the selected GERAN as indicated in “Target ID”. The IU-RELOCATION-REQUEST will contain the modified “Source RNC to Target RNC Container” IE as received in the IU-RELOCATION-REQUIRED message. This message indicates the resources which are required for handover.

3. When GERAN receives the an IU-RELOCATION-REQUEST message, it shall take necessary actions to allow the UE/MS to access its radio resources. Once resource allocation of all accepted RAB’s is complete, GERAN will create tunnel with target SGSN [4] and return an IU-RELOCATION-REQUEST-ACK to the SGSN/GGSN. This message will be modified to carry the required GSM RB information. This will require updates to the RRC Container in the “Target RNC to Source RNC Container”. The “Target RNS to Source RNC” container will include the new ‘Handover to GERAN Command’.

4. The SGSN/GGSN continues the relocation of SRNS by sending an IU-RELOCATION-COMMAND to the source RAN (UTRAN). The IU-RELOCATION-COMMAND will contain the modified “Target RNC to Source RNC Container” IE as received in the IU-RELOCATION-REQUEST-ACK message. The “Target RNS to Source RNC” container will include the ‘Handover to GERAN Command’. The IU-RELOCATION-COMMAND also contains the required transport layer addressing used for forwarding of DL-N-PDU from the source RNC to target RNC. The source RNC configures the required forwarding tunnel to target RNC with data provided.

5. The existing HANDOVER FROM UTRAN COMMAND message must be modified to transport the required GSM RB information to the UE/MS. This new message will contain among other data the ‘Handover to GERAN Command’ which was generated by source RNC and tunnelled to target RNC.

6. The source RNC continues the execution of relocation of SRNS by sending a FORWARD-SRNS-CONTEXT (non-realtime RAB contexts) message to the target RNC via the core network [2].

7. The SGSN/GGSN will then forward the SRNS contexts for each referenced non-realtime RAB to the target RAN (GERAN) [2].

8. After having sent the FORWARD-SRNS-CONTEXT message, the source RNC will;

· for lossless RABs; stop processing DL GTP-PDUs data and store all buffered  & arriving DL   

                   GTP-PDUs

· for lossless RABs; start duplicating all arrived and not acknowledged &  

                   arriving  DL GTP-PDUs towards target RNC (i.e. GERAN).

9. On detection of the UE/MS (i.e. L1/L2), GERAN will send an IU-RELOCATION-DETECT message to the SGSN/GGSN. GERAN is now the serving RAN. The SGSN switches the user plane from source SRNC to target SRNC. For inter SGSN SRNS relocation, PDP context updating is also executed.

10. When the UE/MS is successfully communicating with the GERAN (i.e. UE/MS has configured itself), the UE/MS will send a new  message, a “Handover  to GERAN Complete” message to GERAN. This new message will contain similar data to the existing HANDOVER TO UTRAN COMPLETE message [6]. GERAN will start the PDCP entity and;

· for all lossless RABs; start UL reception of data and start transmission of UL    

      GTP-PDUs towards SGSN/GGSN via the new GTP tunnels. The radio interface protocols    

      may need to be reset in order to start radio interface reception.

                   -     for lossless RABs: start processing the buffered and arriving DL GTP-PDUs and start DL                  

      transmission towards UE. The radio interface protocols are reset as specified for Release 99    

      by R2.
11. The GERAN will then send an IU-RELOCATION-COMPLETE message to the SGSN/GGSN. If source and target SGSN are different, PDP context updating in GGSN is then initiated [4].

12. The SGSN/GGSN will commence release of Iu resources with source RAN by sending IU-RELEASE-COMMAND message to UTRAN.

13. UTRAN will perform all necessary clean-up actions and return an IU-RELEASE-COMPLETE message to the SGSN/GGSN.

2.2 CS Domain

2.2.1 GERAN Iu-cs to Utran iu-cs
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                                                             Figure 3.

1. When the GERAN currently supporting the UE/MS determines that the UE/MS requires to be handed over to UTRAN, it will send an IU-RELOCATION-REQUIRED message to the MSC. The IU-RELOCATION-REQUIRED message shall contain a single cell, identified by its UC-id, to which the UE/MS can be handed over to. The “Target ID” IE will require textual edits. “Source RNC to Target RNC Container” IE will also require modifications. Source_ID IE of source RAN is the RNC_ID. Target_ID IE of target RAN is the RNC_ID.

2. The MSC will begin the process of handing over and shall generate an IU-RELOCATION-REQUEST message and sends it to the selected UTRAN as indicated in “Target ID”. The IU-RELOCATION-REQUEST will contain the modified “Source RNC to Target RNC Container” IE as received in the IU-RELOCATION-REQUIRED message. The required signalling within the MSC is as defined in [3] for an SRNS Relocation.

3. When UTRAN receives the an IU-RELOCATION-REQUEST message, it shall take necessary actions to allow the UE/MS to access its radio resources. Once resource allocation is complete, UTRAN will create tunnel with target MSC and return an IU-RELOCATION-REQUEST-ACK to the MSC. The “Target RNS to Source RNC” container will include the ‘Handover to UTRAN Command’.

4. The MSC shall begin the process of instructing the UE/MS to tune to the new radio resources. The MSC sends an IU-RELOCATION-COMMAND to the source RAN (GERAN). The “Target RNS to Source RNC” container will include the ‘Handover to UTRAN Command’. The required signalling within the MSC is as defined in [3] for an SRNS Relocation.
5. GERAN defines a new message, “Handover From GERAN Command” message which contains the “Handover to UTRAN Command” and specified UMTS RB information (complete/preconfigured). This new message was generated by source RNC and tunnelled to target RNC.

6. The UE/MS, using this information, will access the target RAN. On detection of the UE/MS (i.e. L1/L2 establishment), UTRAN will send an IU-RELOCATION-DETECT message to the MSC.UTRAN is now the serving RAN.
7. When the UE/MS is successfully communicating with the UTRAN, the UE/MS will send a Handover to UTRAN Complete message to UTRAN.

8. The UTRAN will then send an IU-RELOCATION-COMPLETE message to the MSC.

9. The MSC will commence release of Iu resources with source RAN by sending IU-RELEASE-COMMAND message to GERAN. The required signalling within the MSC is as defined in [3] for an SRNS Relocation.

10. GERAN will perform all necessary clean-up actions and return an IU-RELEASE-COMPLETE message to the MSC.
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1. When the UTRAN currently supporting the UE/MS determines that the UE/MS requires to be handed over to GERAN, it will send an IU-RELOCATION-REQUIRED message to the MSC. The IU-RELOCATION-REQUIRED message shall contain a single cell, identified by its UC-id, to which the UE/MS can be handed over to. The “Target ID”  and “Source ID” IE’s will require textual edits. The IU-RELOCATION-REQUIRED message must also include the “Target Cell ID”. Source_ID IE of source RAN is the RNC_ID. Target_ID IE of target RAN is the RNC_ID.

2. The MSC will begin the process of handing over and shall generate an IU-RELOCATION-REQUEST message and sends it to the selected GERAN as indicated in “Target ID.The required signalling within the MSC is as defined in [3] for an SRNS Relocation.

3. When GERAN receives the an IU-RELOCATION-REQUEST message, it shall take necessary actions to allow the UE/MS to access its radio resources. Once resource allocation is complete, GERAN will create tunnel with target MSC and return an IU-RELOCATION-REQUEST-ACK to the MSC. This message will be modified to carry the required GSM RB information. This will require updates to the RRC Container in the “Target RNC to Source RNC Container”. The “Target RNS to Source RNC” container will include the new ‘Handover to GERAN Command’.

4. The MSC shall begin the process of instructing the UE/MS to tune to the new radio resources. The MSC sends an IU-RELOCATION-COMMAND to the source RAN (UTRAN). The IU-RELOCATION-COMMAND will contain the modified “Target RNC to Source RNC Container” IE as received in the IU-RELOCATION-REQUEST-ACK message. The “Target RNS to Source RNC” container will include the new ‘Handover to GERAN Command’. The required signalling within the MSC is as defined in [3] for an SRNS Relocation.

5. The existing HANDOVER FROM UTRAN COMMAND message must be modified to transport the required GSM RB information to the UE/MS. This new message will contain among other data the ‘Handover to GERAN Command’ which was generated by source RNC and tunnelled to target RNC.

6. The UE/MS, using this information, will access the target RAN. On detection of the UE/MS (i.e. L1/L2 establishment), GERAN will send an IU-RELOCATION-DETECT message to the MSC. GERAN is now the serving RAN.

7. When the UE/MS is successfully communicating with the GERAN, the UE/MS will send a new  message, a “Handover  to GERAN Complete” message to GERAN. This new message will contain similar data to the existing HANDOVER TO UTRAN COMPLETE message [6].

8. The GERAN will then send an IU-RELOCATION-COMPLETE message to the MSC.

9. The MSC will commence release of Iu resources with source RAN by sending IU-RELEASE-COMMAND message to UTRAN. The required signalling within the MSC is as defined in [3] for an SRNS Relocation.

10. UTRAN will perform all necessary clean-up actions and return an IU-RELEASE-COMPLETE message to the MSC.

2.2.3
GERAN Iu-cs to GEran A
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1. When the GERAN currently supporting the UE/MS in Iu mode determines that the UE/MS requires an inter-mode handover, it will send an IU-RELOCATION-REQUIRED message to the MSC. The IU-RELOCATION-REQUIRED message shall contain a single cell, identified by its CGI, to which the UE/MS can be handed over to. Source_ID IE of source RAN is the SAI. Target_ID IE of target cell  is the CGI.

2. The MSC will begin the process of handing over and shall generate an A-HANDOVER-REQUEST message and sends it to the selected GERAN as indicated in “Target ID”. The required signalling within the MSC is as defined in [3] for an Inter 3G-MSC Handover.

3. When GERAN receives the an A-HANDOVER-REQUEST message, it shall take necessary actions to allow the UE/MS to access its radio resources. Once resource allocation is complete, GERAN will create a tunnel with target MSC and return an A-HANDOVER-REQUEST-ACK to the MSC. This acknowledgement will include a ‘Handover Command’ [8].

4. The MSC shall begin the process of instructing the UE/MS to tune to the new radio resources. The MSC sends an IU-RELOCATION-COMMAND containing among other data a  ‘Handover Command’ [8] to the source RAN (GERAN).The required signalling within the MSC is as defined in [3] for an Inter 3G-MSC Handover.
5. GERAN defines a new message, “Handover From GERAN Command” message which contains among other information the existing HANDOVER COMMAND message [8]. This existing message has been tunnelled from source RAN to target RAN.

6. The UE/MS, using this information, will access the target RAN. On detection of the UE/MS (i.e. L1/L2 establishment), GERAN will send an A-HANDOVER-DETECT message to the MSC. GERAN-A is now the serving RAN.
7. When the UE/MS is successfully communicating with the GERAN-A, the UE/MS will send a Handover Complete message to GERAN-A.

8. The UTRAN will then send an A-HANDOVER-COMPLETE message to the MSC.

9. The MSC will commence release of Iu resources with source RAN by sending IU-RELEASE-COMMAND message to GERAN. The required signalling within the MSC is as defined in [3] for an Inter 3G-MSC Handover.

10. GERAN will perform all necessary clean-up actions and return an IU-RELEASE-COMPLETE message to the MSC.
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1. When the GERAN currently supporting the UE/MS in A/Gb mode determines that the UE/MS requires an inter-mode handover, it will send an A-HANDOVER-REQUIRED message to the MSC. A-HANDOVER-REQUIRED message shall contain a single cell, identified by its UC_Id, to which the UE/MS can be handed over to. The A-HANDOVER-REQUIRED must be modified to contain the “Source RNC to Target RNC Container” or a version thereof.

2. The MSC will begin the process of handing over and shall generate an IU-RELOCATION-REQUEST message and sends it to the selected GERAN as indicated in “Target ID”. This information is extracted from the modified A-HANDOVER-REQUIRED message. The required signalling within the MSC is as defined in [3] for an Inter 3G-MSC Handover.

3. When GERAN receives the an IU-RELOCATION-REQUEST message, it shall take necessary actions to allow the UE/MS to access its radio resources. Once resource allocation is complete, GERAN will create tunnel with target MSC and return an IU-RELOCATION-REQUEST-ACK to the MSC. This message will be modified to carry the required GSM RB information. This will require updates to the RRC Container in the “Target RNC to Source RNC Container”. The “Target RNS to Source RNC” container will include the new ‘Handover to GERAN Command’.

4. The MSC shall begin the process of instructing the UE/MS to tune to the new radio resources. The MSC sends an A-HANDOVER-COMMAND to the source RAN (GERAN-A). The A-HANDOVER-COMMAND will contain the modified “Target RNC to Source RNC Container” IE as received in the IU-RELOCATION-REQUEST-ACK message. The “Target RNS to Source RNC” container will include the new ‘Handover to GERAN Command’. The required signalling within the MSC is as defined in [3] for an Inter 3G-MSC Handover.

5. The existing HANDOVER COMMAND message must be modified to transport the required GSM RB information to the UE/MS. This new message will contain among other data the ‘Handover to GERAN Command’ which was generated by source RAN and tunnelled to target RNC.

6. The UE/MS, using this information, will access the target RAN. On detection of the UE/MS (i.e. L1/L2 establishment), GERAN will send an IU-RELOCATION-DETECT message to the MSC. GERAN is now the serving RAN.

7. When the UE/MS is successfully communicating with the GERAN, the UE/MS will send a new  message, a “Handover  to GERAN Complete” message to GERAN. This new message will contain similar data to the existing HANDOVER TO UTRAN COMPLETE message [6].

8. The GERAN will then send an IU-RELOCATION-COMPLETE message to the MSC.

9. The MSC will commence release of A resources with source RAN by sending A-CLEAR-COMMAND message to GERAN-A. The required signalling within the MSC is as defined in [3] for an Inter 3G-MSC Handover.

10. GERAN-A will perform all necessary clean-up actions and return an A-CLEAR-COMPLETE message to the MSC.

3
Conclusions

Based on [10], this contribution presents handover scenarios for which solutions have not yet been standardised. Reuse of existing handover functionality within GSM and between GSM and UMTS is proposed. An intra-Iu mode handover will from the core network point of view reuse the same existing procedures regardless if it is within GERAN Iu, within UTRAN or between GERAN Iu and UTRAN. Similarly, an inter-mode handover between A/Gb and Iu mode will reuse the same existing procedures in the MSC regardless if it is an inter-RAT GERAN A/Gb and UTRAN or if it is within GERAN. For a GERAN target cell that supports both A/Gb and Iu modes of operation, the CGI should be used as target cell address when handover is performed to A/Gb mode and UC-id should be used as target cell address when handover is performed to Iu mode [9].

The required modifications to existing and new handover functionality described herein will be incorporated in [2] and [3]. Modifications will include for example, Source RNC to Target RNC Container, Target RNC to Source RNC Container, Source ID and Target ID. Within these containers, the RRC Container will require modifications to transport for example, the new RB information. Within the Source RNC to Target RNC Container, Target Cell ID also requires modification.

How the MS receives the required RB configuration information when the target system is GERAN is an open issue. Identification of the solution will require further study and is very much dependent on how much RB parameters need to be transferred.
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