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1
Discussion
SRVCC between E-UTRAN and GERAN/UTRAN CS as described in 3GPP TS 23.216 is based on the principle that the MSC Server enhanced for SRVCC initiates the session transfer towards the SCC AS when the relocation request for the speech bearer is received from the MME. The target RNC / BSC is executing a CS handover. 
When now looking closer at the MS and MSC Server state prior and after performing SRVCC, then neither the MS nor the MSC Server has allocated a Transaction Identifier (TI) as defined in 3GPP TS 24.008. The UE has started the call as an IMS session while being in E-UTRAN and the MSC Server only allocates a TI for a terminating session.

Note that in case of a CS originated call, the MS allocates the TI and sends it to the MSC Server and in case of a CS terminated call the MSC Server allocates the TI and sends it to the MS. Both MS and MSC Server maintain a list of allocated TI and each TI is marked using a TI flag as being allocated by the MS or by the MSC Server. The TI is then used by both UE and MSC Server to uniquely identify the call, e.g., for mid-call services like putting a call on hold or retrieving a held call.
Hence a solution is required to provide both the MSC Server and the UE with TI for the session which is handed over from E-UTRAN to CS. Since the SCC AS as defined in both TS 23.292 and TS 23.237 is anchoring both originating and terminating sessions and is acting as a B2BUA which maintains session state, it is proposed that:
1) 
At each session setup for a voice service in E-UTRAN a TI is allocated, exchanged between MS and SCC AS on the transferring-out leg (in this case E-UTRAN), and stored by the SCC AS and the MS. In case of originated call, the TI is allocated by the MS and in case of terminated call the TI is allocated by the SCC AS. The TIs are marked as MS or network allocated, respectively.
2)
SCC AS maintains the list of TIs (including TI flags) for all active and held sessions for a subscriber e.g. in a table, containing A party, B party, TI, and further session information as required. As above-mentioned, the SCC AS maintains anyway session state information. 
3)
When the MSC Server enhanced for SRVCC initiates session transfer towards the SCC AS, the SCC AS sends the list of TIs to the MSC Server enhanced for SRVCC. This requires that the MSC Server enhanced for SRVCC supports SIP.
After having received the list of TIs, the MSC Server has the same information as the MS, hence TIs can be used as required for any further operation between the MS and the MSC Server. 
The above-described mechanism can also be used to preserve held session after SRVCC when adding the following step:
4)
The MSC Server enhanced for SRVCC initiates session transfer towards the SCC AS for each additional session in the TI list. This requires that the SCC AS has included sufficient information for session transfer, e.g., STN used for the additional session.  
It is possible in IMS to have in total more than one active and one held session, but TS 24.008 only supports two sessions for TS 11, only one of which can be active. However, the active or held session can also be a MPTY call, and the MS maintains the list of transaction identifiers for sessions added to the MPTY call (see TS 24.084). Hence it is recommended to limit the SRVCC to capabilities that can be supported via TS 24.008. Note: step 4 requires changes to TS 23.237.
2 
Proposal

It is proposed to discuss the above-made proposal and if agreed, to provide the following changes to 3GPP TS 23.216.

[------ Start change 1 --------]
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[------ Start change 2 --------]
5.3.2
MSC Server enhancements for E-UTRAN and 3GPP UTRAN/GERAN SRVCC 

In addition to the standard MSC Server behavior defined in 3GPP TS 23.002 [15], an MSC Server which has been enhanced for SRVCC provides the following functions as needed for support of SRVCC:
· Handling the Relocation Preparation procedure requested for the voice component from MME via S3-cs, 

· Invoking the session transfer procedure from IMS to CS as according to TS 23.237 [14].

· Coordinating the CS Handover and session transfer procedures.

· Handling the MAP_Update_Location procedure without it being triggered from the UE.

· Handling the Transaction Identifiers as defined in 3GPP TS 24.008 [X] provided by the IMS

5.3.3
MME

5.3.3.1
Interworking with 3GPP2 1xCS IWS

If the MME (operator) supports interworking to 3GPP2 1xCS, the MME shall follow the rules and procedures described in TS 23.402 [3] with the following additions and clarifications:

-
To be a signalling tunnelling end point towards the 3GPP2 1xCS IWS for sending/receiving encapsulated 3GPP2 1xCS signalling messages to/from the UE, which are encapsulated in S1-MME S1 Information Transfer messages [7].

-
release of the E-UTRAN resources after SRVCC to the 3GPP2 1xCS is completed.

5.3.3.2
Interworking with 3GPP MSC Server enhanced for SRVCC
If the MME (operator) supports the interworking to 3GPP CS, the MME shall follow the rules and procedures described in TS 23.401 [2] with the following additions and clarifications: 

· Performing the PS bearer splitting function by separating the voice PS bearer from the non-voice PS bearers.
· Handling the non-voice PS bearers handover with the target cell as according to Inter RAT handover procedure as defined in TS 23.401 [2].
· Initiating the SRVCC handover procedure for handover of the voice component to the target cell.
-
Coordinating PS handover and SRVCC handover procedures when both procedures are performed,
5.3.2.3
PS bearer splitting function
The function identifies the voice PS bearer upon E-UTRAN to UTRAN/GERAN SRVCC and separates it from the non-voice PS bearers.
5.3.4
UE enhanced for SRVCC

5.3.4.1
Interworking with 3GPP2 1xCS

If the UE supports 3GPP2 1xCS access, the 1xCS SRVCC UE is a UE that is capable to perform SRVCC to the 3GPP2 1xCS system. The interaction between UE and E-UTRAN is described in TR 36.938 [7]. The interaction with the 3GPP2 1xCS system is described in this specification.

5.3.4.2
Interworking with 3GPP UTRAN/GERAN

3GPP SRVCC UE is needed to perform SRVCC (see subclause 3.1 for 3GPP SRVCC UE definition). The interaction between UE and E-UTRAN is described in TS 36.300 [16].
3GPP SRVCC UE allocates Transaction Identifiers for speech sessions as defined in 3GPP TS 24.008 [x] and sends it to the IMS when originating MMTel sessions in E-UTRAN. 
[------ End change 2 --------]
[------ Start change 3 --------]

6.2.1.1
SRVCC from E-UTRAN to GERAN without DTM/PSHO support

Depicted in Figure 6.2.1.1-1 is a call flow for SRVCC from E-UTRAN to GERAN without DTM/PSHO support.
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Figure 6.2.1.1-1: SRVCC from E-UTRAN to GERAN without DTM/PSHO support

Before the initiation of the HO the UE may register with the CS domain via SGs.

Editor's note: it is FFS whether SGs is needed for SRVCC.

1. Based on UE measurement reports the source E-UTRAN decides to trigger a handover to GERAN.

2. Source E-UTRAN sends Handover Required (Source to Target Transparent Container) message to the source MME.

3. Based on the QCI associated with the voice bearer (QCI 1) the source MME splits the voice bearer from the non-voice bearers and initiates the PS handover procedure for the voice bearer by sending a Forward Relocation Request (VDN, MSISDN, Source to Target Transparent Container, MM Context) message to the MSC Server. It is assumed that the MME has received VDN and MSISDN from the HSS as part of the subscription profile downloaded during the E-UTRAN attach procedure. MM Context contains security related information.

Editor's note: the decision to split the voice bearer from the non-voice bearers as well as the decision to not initiate a PS handover towards the target SGSN depends on the knowledge of target cell VoIP capabilities. It is FFS how the source MME knows the target cell VoIP capabilities. It is FFS whether the MME or the MSC Server filters the parameters in the Forward Relocation Message that are not required for SRVCC operation.

4. The MSC Server interworks the PS handover request with a CS inter-MSC handover request by sending a Prepare Handover Request message to the target MSC. The CS Security key is derived from the E-UTRAN/EPS domain key contained in the MM Context.

Editor's note: Details of how CS security key is derived from E-UTRAN/EPS domain key context (e.g. with use of mechanisms similar for security key mapping with PS handover in a 2G/3G SGSN) is FFS.

5. Target MSC performs resource allocation with the target BSS by exchanging Handover Request/ Acknowledge messages.

6. Target MSC sends a Prepare Handover Response message to the MSC Server.

7. Establishment of circuit connection between the target MSC and the MGW associated with the MSC Server e.g. using ISUP IAM and ACM messages.

8. The MSC Server initiates the Session Transfer by using the VDN e.g. by sending an ISUP IAM (VDN) message towards the IMS. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [13] and TS 23.237 [14]. During the execution of the Session Transfer procedure the remote end is updated with the SDP of the CS access leg. The downlink flow of VoIP packets is switched towards the CS access leg at this point.

Editor's note: Use of a downlink bi-cast from the MRF associated with the VCC application or other means for minimisation of service break (e.g. coordination of the remote end update and IMS access leg release with the switch of the bearer towards the target GERAN network) is FFS.
8a  .The IMS returns a list of Transaction Identifiers (see 3GPP TS 24.008 [X]) to the MSC Server.
9. MSC Server sends a Forward Relocation Response (Target to Source Transparent Container) message to the source MME. Source MME knows that at the end of the CS-PS handover the non-voice bearers should be preserved.

10a. Source MME sends a Handover Command (Target to Source Transparent Container) message to the source E-UTRAN. The message includes information about the voice component only.

10b. In parallel to the previous step the Source MME exchanges Update Bearer Request/response messages with the Serving GW. The S1-U bearers are released for all EPS bearers and the voice bearer is deactivated.

11. Source E-UTRAN sends a Handover from E-UTRAN Command message to the UE.

12. Handover Detection at the target BSS.

13. Target BSS sends a Handover Complete message to the target MSC.

14. Target MSC sends an SES (Handover Complete) message to the MSC Server.

15. Completion of the establishment of the circuit connection between the MSC and the MGW associated with the MSC Server is completed e.g. with the target MSC sending ISUP Answer message to the MSC Server.

16. MSC Server sends a Forward Relocation Complete message to the source MME, informing it that the UE has arrived on the target side. Source MME acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the MSC Server.

17. MSC Server may perform a MAP Update Location to the HSS/HLR if needed. This may be needed for MSC Server to receive GSM SS information and routing of mobile terminating calls properly in certain configuration.

NOTE:
this Update Location is not initiated by the UE.

[------ End change 3 --------]

[------ Start change 4 --------]

6.2.1.2
SRVCC from E-UTRAN to UTRAN or GERAN with DTM/PSHO support

Depicted in Figure 6.2.1.2-1 is a call flow for SRVCC from E-UTRAN to UTRAN or GERAN with DTM/PSHO support, including the handling of the non-voice component.
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Figure 6.2.1.2-1: SRVCC from E-UTRAN to UTRAN or GERAN with DTM/PSHO support

Before the initiation of the HO the UE may register with the CS domain via SGs.

Editor's note: it is FFS whether SGs is needed for SRVCC.

1.
Based on UE measurement reports the source E-UTRAN decides to trigger a handover to UTRAN/GERAN.

2.
Source E-UTRAN sends a Handover Required (Source to Target Transparent Container) message to the source MME.

3.
Based on the QCI associated with the voice bearer (QCI 1) the source MME splits the voice bearer from all other PS bearers. The following steps are performed:

a) Source MME initiates the PS handover procedure for the voice bearer by sending a Forward Relocation Request (VDN, MSISDN, Source to Target Transparent Container, MM Context) message to the MSC Server. The message includes information for the voice component only. It is assumed that the MME has received VDN and MSISDN from the HSS as part of the subscription profile downloaded during the E-UTRAN attach procedure. MM Context contains security related information.

b) MSC Server interworks the PS handover request with a CS inter-MSC handover request by sending a Prepare Handover Request message to the target MSC. The CS Security key is derived from the E-UTRAN/EPS domain key contained in the MM Context.

Editor's note: Details of how CS security key is derived from E-UTRAN/EPS domain key context (e.g. with use of mechanisms similar for security key mapping with PS handover in a 2G/3G SGSN) is FFS

c) Target MSC requests resource allocation for the CS relocation by sending the Relocation Request (Source to Target Transparent Container) message to the target RNS.

4. In parallel to the previous step the source MME initiates relocation of the remaining non-voice PS bearers. The following steps are performed:

a) Source MME sends a Forward Relocation Request (Source to Target Transparent Container, MM Context) message to the target SGSN. The message includes information for the non-voice component only.

b) Target SGSN requests resource allocation for the PS relocation by sending the Relocation Request (Source to Target Transparent Container) message to the target RNS.

Editor's note: the decision to initiate a PS handover towards the target SGSN in addition to PS-CS handover towards the MSC Server depends on the knowledge of target cell VoIP capabilities. It is FFS how the source MME knows the target cell VoIP capabilities.

5.
Target RNS coordinates the CS relocation request with the PS relocation request and assigns resources. The following steps are performed:

a) Target RNS acknowledges the prepared PS relocation by sending the Relocation Request Acknowledge (Target to Source Transparent Container) message to the target SGSN.

b) Target SGSN sends a Forward Relocation Response (Target to Source Transparent Container) message to the source MME.

6.
In parallel to the previous step the following steps are performed:

a) Target RNS acknowledges the prepared CS relocation by sending the Relocation Request Acknowledge (Target to Source Transparent Container) message to the target MSC.

b) Target MSC sends a Prepare Handover Response message to the MSC Server.

c) Establishment of circuit connection between the target MSC and the MGW associated with the MSC Server e.g. using ISUP IAM and ACM messages.

7. The MSC Server initiates the Session Transfer by using the VDN e.g. by sending an ISUP IAM (VDN) message towards the IMS. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [13] and TS 23.237 [14]. During the execution of the Session Transfer procedure the remote end is updated with the SDP of the CS access leg. The downlink flow of VoIP packets is switched towards the CS access leg at this point.

Editor's note: Use of a downlink bi-cast from the MRF associated with the VCC application or other means for minimisation of service break (e.g. coordination of the remote end update and IMS access leg release with the switch of the bearer towards the target UTRAN/GERAN network) is FFS.
7a  .The IMS returns a list of Transaction Identifiers (see 3GPP TS 24.008 [X]) to the MSC Server.
8. The MSC Server sends a Forward Relocation Response (Target to Source Transparent Container) message to the source MME.

9. Source MME synchronises the two prepared relocations and sends a Handover Command (Target to Source Transparent Container) message to the source E-UTRAN.

10. E-UTRAN sends a Handover from E-UTRAN Command message to the UE.

11. Handover Detection at the target RNS.

12. The CS relocation is complete. The following steps are performed:

a) Target RNS sends Relocation Complete message to the target MSC.

b) Target MSC sends an SES (Handover Complete) message to the MSC Server.

c) Completion of the establishment of the circuit connection between the MSC and the MGW associated with the MSC Server is completed e.g. with target MSC sending ISUP Answer message to the MSC Server.

d) MSC Server sends a Forward Relocation Complete message to the source MME. Source MME acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the MSC Server.

e) MSC Server may perform an MAP Update Location to the HSS/HLR if needed. This may be needed for the MSC Server to receive GSM SS information and routing of mobile terminating calls properly in certain configuration.

NOTE:
this Update Location is not initiated by the UE.

13. In parallel to the previous step, the PS relocation is complete. The following steps are performed:

a) Target RNS sends Relocation Complete message to target SGSN.

b) Target SGSN sends a Forward Relocation Complete message to the source MME. Source MME acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the target SGSN.

c) Target SGSN updates the bearer with Serving GW or PDN GW.
[------ End change 4 --------]
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