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1
Problem Statement
Per clause 4.1 in TS 23.272, CSFB can be triggered by voice and other CS-domain services (e.g. CS UDI video/LCS/USSD). CS RAB for voice (TS 11) and video (BS 30) will be assigned only when MSC server knows exactly the Bearer capability indication from SETUP message. 
In the SRVCC based eCSFB solution, for the MT case, the MSC server knows the exact incoming service type and it can decide whether and what CS bearer to pre-assign before sending out the PS to CS Response message during SRVCC procedure. 

For the MO case, as MME has no idea of the exact service type triggering CSFB and there is no according EPS bearer (e.g. QCI=1 bearer or vSRVCC marked PS bearer) available on MME, MME can’t behave as the normal SRVCC or vSRVCC defined in 23.216 with indicating voice or video in PS to CS Request message. With the SRVCC based CSFB solution shown in Figure 1 below, MME assumes that the Extended Service Request is triggered by voice and sends a PS to CS Request message to MSC server without service type indication. 
Be default, MSC server will regard it as PS to CS Request for voice and initiate to allocate the CS bearer (TS 11) for voice. The issues are foreseen as following:

(1) For video triggered CSFB, the pre-allocated CS bearer for voice (TS 11) is not used, MSC server will allocate CS bearer for video (BS 30) during video session setup procedure and release the pre-allocated TS 11 bearer; or, it will modify the TS 11 bearer to a BS 30 bearer.
(2) For USSD and CSFB triggered CSFB, the pre-allocated CS bearer for voice is not used at all, MSC server will release the TS 11 bearer when it knows it’s USSD or LCS when receiving CM Service Request message.
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Figure 1: SRVCC based eCSFB procedure for MO call, no PS HO
2
Solution Discussion

2.1 Solution for eCSFB MO call

To avoid the situation of assigning wrong CS bearer, MME needs to know the exact service type triggering CSFB and then determines whether and what to tell MSC Server. 

There are two following alternative solutions.
2.1.1 Solution #1: enhancing CSFB for all possible services

UE includes the exact service type (e.g. voice, video, USSD, LCS) in the Extended Service Request message sent to MME.

MME sends a normal S1-AP message with CSFB indicator to eNB after receiving the Extended Service Request with the exact service type.
When eNB receives the S1-AP message with CSFB indicator, it decides whether to initiate the SRVCC procedure for voice or not according to UE’s SRVCC capability indication in FGI. If UE is capable of SRVCC, the eNB will initiate SRVCC procedure by sending a Handover Required message to MME.
When MME receives the Handover Required message from eNB (see step 5 in Figure 1):
· If the requested service type is voice, source MME initiates the PS-CS handover procedure for the voice request by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, Emergency Indication, CSFB indicator) message to the MSC Server. MSC server will proceed with SRVCC procedure to prepare resources for voice besides signaling.
· If the requested service type is video, source MME initiates the PS-CS handover procedure for the requested video call by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, CSFB indicator, vSRVCC flag) message to the MSC Server. MSC server will proceed with vSRVCC procedure to prepare resources for video besides signaling.
· If the requested service type is other than voice or video, source MME sends a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C-MSISDN, Source to Target Transparent Container, MM Context, CSFB indicator, non-voice-or-video flag) message to MSC Server. MSC server will proceed with abnormal SRVCC procedure to prepare signaling resources only.
2.1.2 Solution #2: enhancing CSFB only for voice and video
UE includes the exact service type (e.g. voice, video, USSD, LCS) in the Extended Service Request message sent to MME.

According to the received service type, MME uses a new SRVCC indicator (e.g. 0: no SRVCC/vSRVCC; 1: SRVCC is expected; 2: vSRVCC is expected) to notify eNB whether SRVCC/vSRVCC should be initiated or not. The behavior of eNB is described in below when receiving this indicator in S1-AP message:
· SRVCC is expected: eNB intiates the SRVCC procedure as defined in TS 23.216;
· vSRVCC is expected: eNB initiates the vSRVCC procedure as defined in TS 23.216;
· No SRVCC/vSRVCC: eNB will proceed as normal CSFB as defined in section 6.2, 6.3 and 6.4 of TS 23.272.
When MME receives the Handover Required message from eNB (see step 5 in Figure 1):
· If the requested service type is voice, source MME initiates the PS-CS handover procedure for the voice request by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, Emergency Indication, CSFB indicator) message to the MSC Server. Then MSC server will proceed with SRVCC procedure to prepare resources for voice besides signaling.
· If the requested service type is video, source MME initiates the PS-CS handover procedure for the requested video call by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, CSFB indicator, vSRVCC flag) message to the MSC Server. Then MSC server will proceed with vSRVCC procedure to prepare resources for video besides signaling.
2.2 Solution for eCSFB MT call

For the MT call, MSC knows the exact type from the incoming call/data, there should be no problem for CS bearer assignment. But in order to be consistent with the solutions discussed in section 2.1, similar solutions are applied with the only difference that MSC includes the service type in the Paging Request message to MME, then the same procedure depicted in 2.1.1 and 2.1.2 can be applied respectively.
2.3 Comparison between Solution #1 and #2

Option 1 requires more impact on MSC server as MSC server needs to recognize the SRVCC for non-voice-or-video flag and will only allocate CS bearer for signalling.

Option 2 requires more impact on eNB as eNB needs to be explicitly notified by MME to not initiate SRVCC procedure when receiving CSFB indicator in the S1-AP message.

Considering the low delay sensitivity of USSD and LCS, it seems more reasonable to only speed up the CSFB procedure for voice and video with option 2. 

3 Conclusion and Proposal
It is proposed to choose option 2 described in section 2.1.2 to further improve the SRVCC based eCSFB solution and add the following text into eCSFB TR 23.772.
==============================Start First Change======================================
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X.Y Solution #X: SRVCC based eCSFB Solution with proper CS resource allocation
X.Y.1 Solution Description

During the CSFB procedure, MME can know the service type (e.g. voice, video, USSD, LCS) triggering the CSFB, then it uses a SRVCC indicator (e.g. 0 for normal CSFB only, 1 for SRVCC, 2 for vSRVCC) to notify eNB in S1-AP Request message to eNB. Then eNB can decide whether or not to initiate SRVCC procedure based on its knowledge of UE’s SRVCC capability indication in FGI [XX] and the SRVCC indicator from MME. 
When eNB receives the S1-AP Request message, it will take following action:

· If UE indicates it’s capable of SRVCC in FGI and the SRVCC indicator from MME doesn’t indicate normal CSFB only, even there is no QCI=1 bearer in eNB, the eNB will still initiate SRVCC/vSRVCC procedure. 
· If UE indicates it’s capable of SRVCC in FGI but the SRVCC indicator from MME only indicates normal CSFB only, the eNB will not initiate SRVCC/vSRVCC procedure but proceed with the normal CSFB procedure defined in TS 23.272[3].
If eNB decides to proceed with SRVCC/vSRVCC procedure, it will send a Handover Required message to MME.

When MME receives the Handover Required message from eNB:
· If the requested service type is voice, source MME initiates the PS-CS handover procedure for the voice request by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, Emergency Indication, CSFB indicator) message to the MSC Server. Then MSC server will proceed with SRVCC procedure to prepare resources for voice besides signaling.
· If the requested service type is video, source MME initiates the PS-CS handover procedure for the requested video call by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, CSFB indicator, vSRVCC flag) message to the MSC Server. Then MSC server will proceed with vSRVCC procedure to prepare resources for video besides signaling.
With using this approach, following benefits are acchieved:

(1) For the MO call, once MME knows the service triggered CSFB is other than voice or video, it will indicate eNB to proceed with normal CSFB and for sure MSC Server will not allocate CS resources as SRVCC is not triggered at all. For SRVCC, MSC will allocate CS bearer for voice; for vSRVCC, MSC will allocate CS bearer for video. Thus CS domain will always allocate accurate CS resources.
(2) Call setup time is obviously shortened by skipping at least authentication and authorization, Location Area update and CS bearer configuration procedures in CS domain;

(3) Call failure rate can be avoided by selecting a proper neighbour cell with enabling measurement report procedure and CS radio resource negotiation and preparation during PS to CS handover procedure.

The eCSFB procedures of applying SRVCC feature are illustrated in following subclauses. For simplicity, only the procedures without PS HO are depicted, same changes are applied to the procedures with PS HO.
X.Y.1.1 Mobile Originating Call

X.Y.1.1.1Procedure for MO call in ACTIVE mode without PS HO
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Figure X.Y.1.1.1 MO call in ACTIVE mode, no PS HO

1. The UE sends an Extended Service Request for mobile originating CS fallback to MME. Extended Service Request message is encapsulated in RRC and S1‑AP messages. The UE only transmits this request if it is attached to CS domain (with a combined EPS/IMSI Attach) and can’t initiate an IMS voice session (because e.g. the UE is not IMS registered or IMS voice services are not supported by the serving IP‑CAN, home PLMN or UE). The exact service type (e.g. voice, video, USSD, LCS) triggering the CSFB is included in this message.
2. The MME sends an S1‑AP UE Context Modification Request (CS Fallback Indicator, LAI, SRVCC Indicator) message to eNodeB. This message indicates to the eNodeB that the UE should be moved to UTRAN/GERAN. The registered PLMN for CS domain is identified by the PLMN ID included in the LAI, which is allocated by the MME. 
· If MME determines the CS Fallback procedure needs priority handling based on MPS CS Priority in the UE's EPS subscription, it also sets priority indication, i.e. "CSFB High Priority", in the S1AP message to the eNodeB as specified in TS 36.413 [X2].

3. When eNB receives the S1-AP Request message, it will take following action:

· If UE indicates it’s capable of SRVCC in FGI and the SRVCC indicator from MME doesn’t indicate normal CSFB only, even there is no QCI=1 bearer in eNB, the eNB will still initiate SRVCC/vSRVCC procedure. 

· If UE indicates it’s capable of SRVCC in FGI but the SRVCC indicator from MME only indicates normal CSFB only, the eNB will not initiate SRVCC/vSRVCC procedure but proceed with the normal CSFB procedure defined in TS 23.272[3].

4. The eNodeB may optionally solicit a measurement report from the UE to determine the target GERAN/UTRAN cell to which PS handover will be performed.
5. Source eNB sends Handover Required (Target ID, generic Source to Target Transparent Container, SRVCC HO Indication) message to the source MME. The eNB places the "old BSS to new BSS information IE" for the CS domain in the generic Source to Target Transparent Container. The SRVCC HO indication indicates to the MME that target is only CS capable, hence this is a SRVCC handover operation only towards the CS domain. The message includes an indication that the UE is not available for the PS service in the target cell.
· For vSRVCC, the SRVCC HO indication indicates to MME that this is for CS+PS HO.
6. When MME receives the Handover Required message from eNB:
· If the requested service type is voice, source MME initiates the PS-CS handover procedure for the voice request by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, Emergency Indication, CSFB indicator) message to the MSC Server. Then MSC server will proceed with SRVCC procedure to prepare resources for voice besides signaling.
· If the requested service type is video, source MME initiates the PS-CS handover procedure for the requested video call by sending a SRVCC PS to CS Request (IMSI, Target ID, STN-SR, C‑MSISDN, Source to Target Transparent Container, MM Context, CSFB indicator, vSRVCC flag) message to the MSC Server. Then MSC server will proceed with vSRVCC procedure to prepare resources for video besides signaling.
· For SRVCC, as there is no QCI=1 bearer for CSFB triggered procedure, there is no need for MME to delete a QCI=1 bearer.

· For vSRVCC, as there is no QCI=1 and vSRVCC marked PS bearer for CSFB triggered procedure, there is no need for MME to delete a QCI=1 bearer and vSRVCC marked PS bearer.
7. Target MSC requests resource allocation for the CS relocation by sending the Relocation Request/Handover Request message to the target RNS/BSS. If the MSC Server indicated priority, the RNC/BSS allocates the radio resource based on the existing procedures with priority indication, as specified in TS 23.009 [X3] and in TS 25.413 [X2] for UMTS and TS 48.008 [X4] for GSM/EDGE. If the target RAT is UTRAN, Relocation Request/Handover Request message contains the generic Source to Target Transparent Container. If the target RAT is GERAN, Relocation Request/Handover Request message contains the additional Source to Target Transparent Container.
8. Target RNS/BSS acknowledges the prepared CS relocation/handover by sending the Relocation Request Acknowledge/Handover Request Acknowledge (Target to Source Transparent Container) message to the target MSC.
NOTE 1: According to the received CSFB indicator from MME, MSC knows that the SRVCC/vSRVCC is triggered by CSFB and there should be no IMS session to be transferred, so MSC will not initiate the Session Transfer with IMS.
9. The MSC Server sends a SRVCC PS to CS Response (Target to Source Transparent Container) message to the source MME.
10. Source MME sends a Handover Command (Target to Source Transparent Container) message to the source E‑UTRAN.
11. E‑UTRAN sends a Handover from E‑UTRAN Command message to the UE.
12. UE tunes to the target UTRAN/GERAN cell. Handover Detection at the target RNS/BSS occurs. The UE sends a Handover Complete message via the target RNS/BSS to the target MSC. At this stage, the UE re-establishes the connection with the network and can send/receive voice/video data.
13. Target RNS/BSS sends Relocation Complete/Handover Complete message to the target MSC.
14. Target MSC sends an SES (Handover Complete) message to the MME. 
15. Source MME acknowledges the information by sending a SRVCC PS to CS Complete Acknowledge message to the MSC.
16. If there is non-GBR bearer which is not handed over to GERAN/UTRAN, the MME starts preservation and suspension of non-GBR bearers by sending Suspend Notification message towards S-GW. The S-GW releases S1-U bearers for the UE and sends Suspend Notification message to the P-GW(s). The MME stores in the UE context that the UE is in suspended status. All the preserved non-GBR bearers are marked as suspended status in the S‑GW and P‑GW. The P-GW should discard packets if received for the suspended UE.
17. The source MME requests the release of the resources, including release of the S1 signalling connection, to the Source eNodeB. The Source eNodeB releases its resources related to the UE and responds back to the MME.
18. If the HLR is to be updated, i.e. if the IMSI is authenticated but unknown in the VLR, the MSC performs a TMSI reallocation towards the UE using its own non-broadcast LAI and its own Network Resource Identifier (NRI).
19. If the MSC Server performed a TMSI reallocation in step 18, and if this TMSI reallocation was completed successfully, the MSC Server performs a MAP Update Location to the HSS/HLR.
20. The UE continues with the MO call setup procedure with sending CM Service Request. The UE shall indicate to the MSC that this is an originating call establishment as a result of CSFB by including the "CSMO" flag.
21. After the HLR is updated and the subscriber data are downloaded from the HLR, the MSC sends a CM Service Accept to the UE.
22. The UE proceeds with CS call procedures by sending Setup (TI=0, TI Flag=0) 
· According to 24.008, UE generates a call instance for SRVCC with TI=0 as in terminated call instance during SRVCC HO procedure i.e. the call instance is with TI=0 and TI Flag=1. Therefore, there is no issue that UE sends Setup (TI=0, TI Flag=0).
23. MSC sends Call proceeding.
NOTE 2: As the CS resources have already been allocated during SRVCC Handover procedure, the MSC skips the CS bearer resources allocation procedure.
24. MSC sends Altering to UE.
25. MSC sends Disconnect (TI=0, TI Flag=0) to release the dummy call instance created during SRVCC.
X.Y.1.1.2 Procedure for MO call in IDLE mode without PSHO

Mobile Originating call in Idle Mode procedure is specified by reusing the Mobile Originating Call in Active mode procedures as specified in clauses X.Y.1.1.1 with Extended Service Request for mobile originating CS fallback to the MME where the messages S1-AP UE Context Modification Request is replaced by S1-AP Initial UE Context Request. The LAI is included in the S1-AP Initial UE Context Request message and sent to the eNodeB. The UE is transited to ECM-CONNECTED mode by following the applicable procedures specified in TS 23.401 [2].

X.Y.1.2 Mobile Terminating Call

X.Y.1.2.1 Procedure for MT call in ACTIVE mode without PS HO
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Figure X.Y.1.2.1 MT call in ACTIVE mode, no PS HO
1. G‑MSC receives IAM.
2. G‑MSC retrieves routing information of the terminating UE by Send Routing Info procedures as specified in TS 23.018 [X5].
3. G‑MSC sends IAM to the MSC on the terminating side as specified in TS 23.018 [X5].
4. The MME receives a Paging Request (IMSI, VLR TMSI, Location Information, priority indication, service type) message from the MSC over a SGs interface. 

5. The MME sends a CS Service Notification message to UE. The message contains CN Domain indicator and, if received from the MSC, the Caller Line Identification.
6. The MME sends the SGs Service Request message to the MSC containing an indication that the UE was in connected mode. The MSC uses this connected mode indication to start the Call Forwarding on No Reply timer for that UE and the MSC should send an indication of user alerting to the calling party. Receipt of the SGs Service Request message stops the MSC retransmitting the SGs interface Paging message.
7. UE sends an Extended Service Request (Reject or Accept) message to the MME for mobile terminating CS fallback. Extended Service Request message is encapsulated in RRC and S1‑AP messages. The UE may decide to reject CSFB based on Caller Line Identification.
· Upon receiving the Extended Service Request (Reject) for mobile terminating CS fallback, the MME sends Paging Reject towards MSC to stop CS Paging procedure and this CSFB procedure stops.
8. According to the received service type from MSC in step 4, MME uses a new SRVCC indicator (e.g. 0: no SRVCC/vSRVCC; 1: SRVCC is expected; 2: vSRVCC is expected) to notify eNB whether SRVCC/vSRVCC should be initiated or not. The behavior of eNB is described in below when receiving this indicator in S1-AP message:
· SRVCC is expected: eNB intiates the SRVCC procedure as defined in TS 23.216;
· vSRVCC is expected: eNB initiates the vSRVCC procedure as defined in TS 23.216;
· No SRVCC/vSRVCC: eNB will proceed as normal CSFB as defined in section 6.2, 6.3 and 6.4 of TS 23.272.
Following steps are same with the steps from 3 to 25 for the MO call in ACTIVE mode in section X.Y.1.1.1.
X.Y.1.2.2 Procedure for MT call in IDLE mode without PS HO
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Figure X.Y.1.2.2 MT call in IDLE mode, no PS HO

1. G‑MSC receives IAM.
2. G‑MSC retrieves routing information of the terminating UE by Send Routing Info procedures as specified in TS 23.018 [X5].
3. G‑MSC sends IAM to the MSC on the terminating side as specified in TS 23.018 [X5].
4. The MME receives a Paging Request (IMSI, VLR TMSI, Location Information, priority indication, service type) message from the MSC over a SGs interface. 

5. If the MME did not return an "SMS-only" indication to the UE during Attach or Combined TA/LA Update procedures, the MME sends a Paging (as specified in TS 23.401 [2]) message to each eNodeB. The Paging message includes a suitable UE Identity (i.e. S‑TMSI or IMSI) and a CN Domain Indicator that indicates which domain (CS or PS) initiated the paging message. In this case it shall be set to "CS" by the MME.

· If the MME returned the "SMS-only" indication to the UE during Attach or Combined TA/LA Update procedures, the MME shall not send the paging to the eNodeBs and sends Paging Reject towards MSC to stop CS Paging procedure and this CSFB procedure stops.

· If the MME received Paging Request with priority indication in step4, the Paging message also includes priority indication.

6. The radio resource part of the paging procedure takes place. The message contains a suitable UE Identity (i.e. S‑TMSI or IMSI) and a CN Domain indicator. If eNodeB received Paging with Priority Indication in step 5, it performs the paging procedure preferentially compared to other normal paging.
7. The UE establishes an RRC connection and sends an Extended Service Request for mobile terminating CS fallback to MME. The UE indicates its S-TMSI in the RRC signalling. The Extended Service Request message is encapsulated in RRC and S1‑AP messages.
8. The MME sends the SGs Service Request message to the MSC containing an indication that the UE was in idle mode (and hence, for example, that the UE has not received any Calling Line Identification information). Receipt of the SGs Service Request message stops the MSC retransmitting the SGs interface Paging message.
9. According to the received service type from MSC in step 4, MME uses a new SRVCC indicator (e.g. 0: no SRVCC/vSRVCC; 1: SRVCC is expected; 2: vSRVCC is expected) to notify eNB whether SRVCC/vSRVCC should be initiated or not. The behavior of eNB is described in below when receiving this indicator in S1-AP message:
· SRVCC is expected: eNB intiates the SRVCC procedure as defined in TS 23.216;
· vSRVCC is expected: eNB initiates the vSRVCC procedure as defined in TS 23.216;
· No SRVCC/vSRVCC: eNB will proceed as normal CSFB as defined in section 6.2, 6.3 and 6.4 of TS 23.272.
Following steps are same with the steps from 3 to 25 for the MO call in ACTIVE mode in section X.Y.1.1.1.
==============================End Second Change====================================
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