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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope
Editor’s Note: This clause will describe the work scope of the work item.
The present document studies enhancements for CSFB in the interest of shortening the call setup time. Based on the technical analysis, any needed enhancements/updates to 3GPP functions and interfaces are identified.

There shall be no UE impact.

Normative specifications may be developed based on the conclusions of the present document.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 23.401: "GPRS Enhancements for E-UTRAN Access".
[3]
3GPP TS 23.272: "Circuit Switched (CS) fallback in Evolved Packet System (EPS); Stage 2".
[4]
3GPP TS 23.060: "General Packet Radio Service (GPRS); Service description; Stage 2".

[5]
3GPP TS 23.216: " Single Radio Voice Call Continuity (SRVCC); Stage 2".
[6]
White Paper: “Circuit-switched fallback. The first phase of voice evolution for mobile LTE devices”
 [7]
3GPP TS 36.331: “Evolved Universal Terrestrial Radio Access (E-UTRA);  Radio Resource Control (RRC) protocol specification”.

[8]          
3GPP TS 36.413: “Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1AP)”.

[9]          
3GPP TS 23.009: “Handover procedures”.

[10]          
3GPP TS 48.008: “Mobile Switching Centre - Base Station System (MSC-BSS) interface; Layer 3 specification”.

[11]          
3GPP TS 23.018: “General Packet Radio Service (GPRS); Base Station System (BSS) - Serving GPRS Support Node (SGSN); BSS GPRS Protocol (BSSGP)”.

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Architectural Requirements

Editor’s Note: This clause will document the assumptions and architectural requirements for CSFB enhancements.
The existing 3GPP Architecture should be reused in the development of alternative solutions, i.e. only interface and functionality enhancements are foreseen.
Any enhancement from this study shall not affect CSFB for UEs to which the enhancements are not applicable.
5
Solutions 
5.1
Solution #1: SRVCC based eCSFB Solution

5.1.1
Solution Description

Editor's Note: Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc. 
During the CSFB procedure, eNB can decide whether or not to initiate SRVCC procedure based on its knowledge of UE’s SRVCC capability indication in FGI[7]. If UE indicates it’s capable of SRVCC in FGI, even there is no QCI=1 bearer in eNB, the eNB will still initiate SRVCC procedure when receiving the S1-AP message with CSFB indicator from MME. 

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.

5.1.1.1 Procedure for Mobile Terminating Call
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Figure 5.1.3.1.1.1-1: Mobile Terminated call flows
1a.MSC/VLR receives a trigger for a NW-Initiated CS procedure.


If the UE is in connected mode, the MME sends a CS Paging Notification to UE. If the UE is in idle mode, the MME sends a Paging message to each eNodeB and the eNodeB forwards the paging message to the UE. 

1b.UE sends an Extended Service Request message to the MME for mobile terminating CS Fallback. The Extended Service Request message is encapsulated in RRC and S1-AP messages.

1c.MME sends an S1-AP Initial Context Setup Request or UE Context Modification Request to eNodeB that includes the UE Radio Capabilities and a CS Fallback Indicator. The eNodeB establishes DRBs and replies with Initial Context Setup Response or UE Context Modification Response.
2a.The eNodeB may optionally solicit a measurement report from the UE to determine the target GERAN/UTRAN cell to which PS to CS handover will be performed.

2b.Based on UE measurement reports and CS Fallback Indicator in step 1c and UE’s SRVCC capability, the source E‑UTRAN decides to trigger an SRVCC handover to UTRAN/GERAN by sending Handover Required to MME. 
2c.The MME sends a SRVCC PS to CS Request to the SRVCC MSC, indicating that SRVCC is due to CSFB. The MME does not need to delete a QCI=1 bearer as there is no QCI=1 bearer for the CSFB triggered SRVCC.
2d. As the SRVCC is due to CSFB the SRVCC MSC does not initiate the Session Transfer procedure with IMS and only triggers a normal CS Handover preparation.  
If the SRVCC MSC is not the target MSC, then it interworks the PS-CS handover request with a CS inter‑MSC handover request by sending a Prepare Handover Request message to the target MSC.
2e. MSC Server sends a SRVCC PS to CS Response (Target to Source Transparent Container) message to the source MME.

2f.Source MME sends a Handover Command (Target to Source Transparent Container) message to the source E-UTRAN and then to the UE. The message includes information about the voice component only.

2g-2h.UE sends Relocation/Handover Complete message from the RNS/BSS and then to the SRVCC MSC.
 Note: How SRVCC based eCSFB will affect the HO success rate because it is assumed eNB will not have adequate time to perform measurement as for normal handover use case due to fast call setup time requirement? When HO fails, what is the behaviour for UE as TS 23.216 requires UE to try to go back to source RAT.
3. UE sends Paging response to MSC.
4. The MSC skips the authentication procedure as UE and MME generate the CS security context during the SRVCC procedure respectively.
5. After receiving Relocation/Handover Complete message from the RNS/BSS in step 2h, the applicable CS call procedures continues. 

In details, 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, in order to avoid collision in UE side, the MSC sends Setup (TI=1, TI Flag=0) instead of Setup (TI=0, TI Flag=0).

Note: It is FFS whether the UE performs the SRVCC procedure in TS 24.008 due to reception of HO command when the UE does not have an ongoing IMS voice session.

6. UE sends Call Confirmed. 

7. As the CS RAB is already pre-allocated during SRVCC Handover preparation procedure, the MSC skip the CS RAB assignment procedure.
8. UE sends Altering to MSC.
9. MSC sends Disconnect (TI=0, TI Flag=0) to release the dummy call instance created during SRVCC.
5.1.1.2 Procedure for Mobile Originating Call

The call flows for MO CSFB supported by SRVCC is the same with the one for the MT CSFB, except that the call flows for MO CSFB starts with step 1b rather than step 1.
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1a.UE sends an Extended Service Request message to the MME for mobile originating CS Fallback. 
1b.MME sends an S1-AP Initial Context Setup Request or UE Context Modification Request to eNodeB that includes the UE Radio Capabilities and a CS Fallback Indicator. The eNodeB establishes DRBs and  replies with Initial Context Setup Response or UE Context Modification Response. 
2a.The eNodeB may optionally solicit a measurement report from the UE to determine the target GERAN/UTRAN cell to which PS to CS handover will be performed.

2b.Based on UE measurement reports and CS Fallback Indicator in step 1c and UE’s SRVCC capability, the source E‑UTRAN decides to trigger an SRVCC handover to UTRAN/GERAN by sending Handover Required to MME. 
2c.The MME sends a SRVCC PS to CS Request to the SRVCC MSC, indicating that SRVCC is due to CSFB. The MME does not need to delete a QCI=1 bearer as there is no QCI=1 bearer for the CSFB triggered SRVCC.
2d. As the SRVCC is due to CSFB the SRVCC MSC does not initiate the Session Transfer procedure with IMS and only triggers a normal CS Handover preparation.  
If the SRVCC MSC is not the target MSC, then it interworks the PS-CS handover request with a CS inter‑MSC handover request by sending a Prepare Handover Request message to the target MSC.
2e. MSC Server sends a SRVCC PS to CS Response (Target to Source Transparent Container) message to the source MME.

2f.Source MME sends a Handover Command (Target to Source Transparent Container) message to the source E-UTRAN and then to the UE. The message includes information about the voice component only.

2g-2h.UE sends Relocation/Handover Complete message from the RNS/BSS and then to the SRVCC MSC.
3. UE sends CM Service Request.
4. Similarly, the MSC skips the authentication procedure as UE and MME generate the CS security context during the SRVCC procedure respectively.
5. The UE receives CM Service Accept and the UE proceeds with CS call procedures. 

6. 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).

7. MSC sends Call proceeding. 

8. As the CS RAB is already pre-allocated during SRVCC Handover preparation procedure, the MSC skip the CS RAB assignment procedure.
9. MSC sends Altering to UE.
10. MSC sends Disconnect (TI=0, TI Flag=0) to release the dummy call instance created during SRVCC.
5.1.2
Impacts on existing nodes and functionality

Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

5.1.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. 
5.2 Solution #2: SRVCC based eCSFB Solution with proper CS resource allocation

5.2.1 Solution Description

This section proposes a solution with two following further enhancements comparing with the SRVCC based eCSFB Solution in section 5.1:

· MME and MSC are aware of the exact service type triggering CSFB for both MO and MT case, such that MSC will allocate accurate CS resources during SRVCC procedure.

· MME will only trigger SRVCC procedure for voice and video.

Following paragraphs in this section illustrate such an approach in high level.

For the MO case, UE includes the exact service type (e.g. voice, video, USSD, LCS) in the Extended Service Request message sent to MME; for the MT case, MSC includes the exact service type in the Paging request message over SGs.
Once MME knows the exact service type (e.g. voice, video, USSD, LCS) triggering the CSFB, it will use 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 [7] 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.
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.
5.2.1.1 Mobile Originating Call

5.2.1.1.1  Procedure for MO call in ACTIVE mode without PS HO
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Figure 5.2.1.1.1 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 [8].

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].
The eNodeB establishes DRBs and replies with Initial Context Setup Response or UE Context Modification Response.
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 [9] and in TS 25.413 [8] for UMTS and TS 48.008 [10] 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.
5.2.1.1.2  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 5.2.1.1.1 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].

5.2.1.2 Mobile Terminating Call

5.2.1.2.1  Procedure for MT call in ACTIVE mode without PS HO
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Figure 5.2.1.2.1 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 [11].
3. G‑MSC sends IAM to the MSC on the terminating side as specified in TS 23.018 [11].
4. The MME receives a Paging Request (IMSI, VLR TMSI, Location Information, priority indication, service type) message from the MSC over a SGs interface. The service type indicates whether it’s voice, video, USSD or LCS.
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 5.2.1.1.1 except that in the SETUP message from MSC to UE, the MSC sends SETUP (TI=1, TI Flag=0) instead of SETUP (TI=0, TI Flag=0) because the TI=0 has been used by the SRVCC call instance.
5.2.1.2.2  Procedure for MT call in IDLE mode without PS HO
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Figure 5.2.1.2.2 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 [11].
3. G‑MSC sends IAM to the MSC on the terminating side as specified in TS 23.018 [11].
4. The MME receives a Paging Request (IMSI, VLR TMSI, Location Information, priority indication, service type) message from the MSC over a SGs interface. The service type indicates whether it’s voice, video, USSD or LCS.
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 5.2.1.1.1 except that in the SETUP message from MSC to UE, the MSC sends SETUP (TI=1, TI Flag=0) instead of SETUP (TI=0, TI Flag=0) because the TI=0 has been used by the SRVCC call instance.
5.2.1.3 Handover Failure

Editor’s Note: Handover failure case is FFS.
5.2.2
Impacts on existing nodes and functionality

Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

5.2.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. 
5.3
Solution #3: Enabling target cell(s) system information provision
5.3.1
Solution Description
The details of the CSFB procedures shown in the CSFB TS 23.272 contains as an option to use "RRC connection release with redirection and Multi Cell System Information to GERAN/UTRAN".
The required system information that needs to be included in "RRC connection release with redirection and Multi Cell System Information to GERAN/UTRAN" can be provided to the eNB e.g. using RIM procedures. However, given that the system information required to access GERAN is not subject to frequent modification, it can be also be configured in the source eNB by means of O&M instead of using RIM.

The following section shows how section 23.272 section 4.3.4 E-UTRAN could be updated to capture the option. Yellow mark-up indicates the changed and added text compared to TS 23.272.  

5.3.2
Impacts on existing nodes and functionality

Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

eNB Impact

4.3.4
E-UTRAN

The CS fallback enabled E-UTRAN supports the following additional functions:

-
Forwarding paging request for CS domain to the UE.

-
Directing the UE to the target CS capable cell considering the registered PLMN ID and possibly the LAC for CS domain received from the MME.

-
The configuration of appropriate cell reselection hysteresis at Location Area boundaries (or across the whole E-UTRAN) to reduce Tracking Area Update traffic.

-
To facilitate the configuration of TA boundaries with LA boundaries, the E-UTRAN can gather statistics (from the inbound inter-RAT mobility events of all UEs) of the most common LAs indicated in the RRC signalling.

-
Configuration to permit the operator to choose the target 'fallback' RAT and frequency.

For SMS over SGs, no specific E-UTRAN functionality is required.

If the network supports CSFB priority call handling, the E-UTRAN supports the following additional functions:

-
For paging message received on S1AP with priority indication, the E-UTRAN should provide preferential treatment to this request compared to other normal paging requests.

-
For CS fallback S1AP UE Context Setup/Modification message with priority indication, i.e. "CSFB High Priority", the eNodeB should provide preferential treatment, e.g. in allocating E-UTRAN radio bearer resources compared to other normal resource requests. When CSFB based on PS handover is employed, the eNodeB forwards the priority indication to the target GERAN/UTRAN. When CSFB RRC connection release with redirection is used, the eNodeB sets the "CS Fallback High Priority" indication in the RRC Release message.

The usage of RRC connection release with redirection and multi cell system information to GERAN/UTRAN reduces the duration of the CSFB procedure. The required system information can be provided to the source eNB by RIM or configured by O&M. 

NOTE: If System information is configured in eNB by O&M, any modifications of the system information needs to be provisioned in both GERAN/UTRAN and E-UTRAN.
5.3.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. 
5.4
Solution #4: UE radio capabilities consideration during PLMN and RAT selection
5.4.1
Solution Description
In network deployments supporting CSFB it is possible that the CS domain can be selected among alternative RATs and/or alternative PLMNs. The frequency bands supported by the alternative RATs/PLMNs can vary and also the frequecy band support in terminals varies.
During Attach or TA/LA Update procedure the MME selects the PLMN and RAT of CS domain for the UE that shall be registered for CSFB. In the current procedures the UE radio capabilities support are not considered in the PLMN/RAT selection of the CS domain and this can result in that the frequency band of the selected PLMN and RAT does not match the UE radio capabilities. In this case, when UE performs a subsequent CSFB, the UE has to perform cell selection to serach for a cell which it can access. After the cell is selected, UE has to perform a LA procedure before a CS call can be made. In the worst case, the UE will re-register to a new MSC different from the MSC currently associated to MME. This will dramatically increase the latency of CS call setup time and thus impact the CSFB experience.

However, if procedures are enhanced to allow the MME to request a list of supported PLMN and RAT to be the provided by the eNB, the MME can select CS domain PLMN and RAT so that cell reselection at CSFB is avoided and call setup time is minimized.

NOTE: This solution requires updates of the eNB configuration and the UE capability match procedure to allow per Target PLMN UE capability match.

The required specification changes to implement this solution are shown in Annex B.
5.4.2
Impacts on existing nodes and functionality

Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

5.4.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. 
5.5
Solution #5: Optimised CSFB Procedure 
5.5.1
Solution Description
Basic call setup includes potential Authentication, Identity Check and TMSI Reallocation procedures. Typically the MSCs invoke the Authentication and Identity Check-procedures by default and TMSI reallocation if the LA has changed (even within the same MSC). 

Authentication (subscription) and identity check (UE) are also done by the MME so these procedures can therefore be selectively skipped by an MSC (to which the UE is with registered via SGs) for CSFB calls without compromising on security.

TMSI reallocation is normally done for CSFB calls if a location area update is done at the fallback. However, if the MSC is not changed at the fallback, the same TMSI can be kept in order to further decrease the call setup time. Skipping TMSI reallocation for this call case does not significantly compromise the end user confidentiality.

The Authentication, Identity Check and TMSI Reallocation procedures are initiated by the MSC and it is up to the MSC to decide if and when to perform the procedures. As such there is no UE impact by skipping these procedures.

The following section shows how section 23.272 section 4.3.3 MSC could be updated to capture the procedure optimisations. Yellow mark-up indicates the changed and added text compared to TS 23.272. 
5.5.2
Impacts on existing nodes and functionality
Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).
MSC Impact

4.3.3
MSC

The CS fallback and/or SMS over SGs enabled MSC supports the following additional functions:

-
Maintaining SGs association towards MME for EPS/IMSI attached UE.

-
Supporting SMS procedures defined in this document.

-
When configured to support the return to the last used PLMN after CSFB:

-
Indicating to GERAN/UTRAN during the release of an RR connection, that the RR connection was established as a result of CS Fallback, when this is the case.

-
During the SGs location update procedure, obtaining the last used LTE PLMN ID via TAI in SGsAP-LOCATION-UPDATE-REQUEST as specified in TS 29.118 [44].

-
Indicating the last used LTE PLMN ID to GERAN/UTRAN (immediately following a successful RR connection setup or during the release of the UTRAN RR connection) to help GERAN/UTRAN re-route the UE back to the last used LTE PLMN by selecting the suitable dedicated target frequency list (for idle mode mobility) or target cell (for connected mode mobility in case of UTRAN).

-
During a CSFB procedure, including the last used LTE PLMN ID into the Equivalent PLMN list provided to the UE in LAU Accept message.

NOTE 1:
The CS Fallback enabled MSC can also be enhanced to support ICS as defined in TS 23.292 [25] and/or SRVCC as defined in TS 23.216 [20].

NOTE 2:
In order to speed up the potential LAU procedure during CS fallback the MSC may be configured to avoid or lower the frequency of Authentication, TMSI reallocation and Identity check for UEs that are EPS/IMSI attached via the SGs interface.

NOTE 3:
The MSC/VLR uses the CSMO flag in LAU and CM service request message and the CSFB indication from the MME for CS Fallback statistics.

NOTE 4:
The MSC/VLR can determine that a CS Service is established for CSFB via CSMO or CSMT Flag from the UE or via the CSFB indication from the MME.

If the network supports CSFB priority call handling, the MSC maps, depending on the deployed CS domain priority scheme, the priority level or another priority indication of the IAM message to the eMLPP priority level indication of the paging message that is sent over the SGs interface.

In order to speed up the call setup procedure during CS fallback the MSC/VLR may be configured to skip or lower the frequency of security procedure (e.g.Authentication, TMSI reallocation and Identity check) for UEs that are EPS/IMSI attached via the SGs interface. In addition to the condition that the UE is EPS/IMSI attached via SGs the MSC/VLR may also use the CSMO or CSMT flags to determine that the CS service is established due to CSFB.
5.5.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. 
5.X          Solution #X: <Solution Title>

5.X.1
Solution Description

Editor's Note:
Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow etc. 

5.X.2
Impacts on existing nodes and functionality

Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

5.X.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. 
5.Z
Overall evaluation
Editor's note:
Use this section for evaluation of all solutions.
6
Conclusions

Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the work item activities. This should also capture the guiding principles and documentation approach for creating CRs to normative specifications within the responsibility of SA2.
Annex A: Possible CSFB optimisations

Table A.1 below provides a summary of some possible CSFB optimizations. The optimisation in the table may be reused by some solutions in the main body of the TR and it is not intended to evaluate each table entry individually.
Table A.1 Possible CSFB optimisations
	Optimization
	Node(s)
	Description

	RAB Assignment
Sequence
	RNC
	In existing CSFB procedure, when UE fall back to UMTS there is no exact sequence for PS RAB and CS RAB establishment, and at more circumstances, the PS RAB is established firstly. However, for CSFB, apparently CS RAB establishment is more important regarding call setup time. There is little effect on user experience if PS RAB is established after alerting.
It is better to perform CS RAB establishment firstly for call setup time reduction. 

	Parallel RAB assignment
	MSC
	The MO RAB assignment and the MT paging are fulfilled in parallel, after Call Proceeding message. The MO RAB assignment is finished during the MT paging procedure. This optimization saves one RAB assignment time.

	Authentication
	MSC/SGSN
	Authentication costs about 1 second in the total CSFB procedure. For CSFB optimization, avoiding authentication helps reducing call setup time, which may be applied especially for handover procedure, because4G authentication is more reliable than 3G. Therefore It helps to reduce call setup time for closing authentication in 3G network or reducing authentication frequency for CSFB procedure.

	Paging policy
	MSC/MME
	A paging policy helps to reduce MT call setup time.  
e.g.   
-  Reducing the paging interval;
-  Expanding the paging area, e.g. from a TAI to a TAI list, so as to increase the paging success rate as much as possible.

	TMSI relocation
	MSC
	For normal voice call procedure, there is a TMSI relocation step in Iu-cs interface. However, for CSFB, TMSI has been distributed by MSC in the Location update procedure when UE performing combined attach procedure, therefore, we it is not necessary and can be avoided for call setup reduction.

	IMEI Check
	MSC
	For normal voice call, there is a IMEI check step in Iu-cs interface. However, for CSFB, the IMEI has been delivered from MME to MSC when combined attach procedure, so there is not necessary step that MSC acquires IMEI to check in CSFB procedure and can be avoided for call setup time reduction.


Annex B (informative):
Specification changes required for UE radio capabilities consideration during PLMN and RAT selection solution
This clause shows the required specification changes to implement the UE radio capabilities consideration during PLMN and RAT selection solution. The changes compared to current versions of the specification are highlighted yellow.
***** First change 23.272*****
5.2
Attach procedure

The attach procedure for the CS fallback, SMS over SGs or "SMS in MME" in EPS is realized based on the combined GPRS/IMSI Attach procedure specified in TS 23.060 [3].
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Figure 5.2-1: Attach Procedure

1)
The UE initiates the attach procedure by the transmission of an Attach Request (parameters as specified in TS 23.401 [2] including the Attach Type, old LAI and Mobile Station Classmark 2) message to the MME. The Attach Type indicates that the UE requests a combined EPS/IMSI attach and informs the network that the UE is capable and configured to use CS fallback and/or SMS over SGs. If the UE needs SMS service but not CSFB, the UE shall include an "SMS-only" indication in the combined EPS/IMSI Attach Request. See clause 5.6.

2)
Step 3 to step 16 of the EPS Attach procedure are performed as specified in TS 23.401 [2] with the differences as described below when "SMS in MME" applies:

-
If the MME is enabled to use "SMS in MME" and the MME is not registered with an HSS for that UE (i.e. the MME stores no subscriber data for the UE), the MME performs a registration with HSS as described in Annex C, clause C.8.

-
If the MME is enabled to use "SMS in MME" and the MME is registered with an HSS for that UE but has no valid SMS subscriber data (i.e. the MME stores subscriber data for the UE but SMS subscriber data have not been requested before or have been removed by the HSS), the MME may perform a re-registration with HSS as described in Annex C, clause C.8 to obtain SMS subscriber data and to provide the HSS with the MME identity to be used for MT-SMS delivery.

-
If the HSS supports "SMS in MME", the HSS follows the registration procedures described in Annex C, clause C.8.


If the UE subscribes to the eMLPP (TS 22.067 [37]) service in the CS domain or to another CS domain priority scheme (e.g., based on TS 23.251 [42] or TS 29.338 [43]) and has a priority level that qualifies for CSFB priority call handling, the UE EPS subscription received from HSS contains the MPS CS Priority indication.

3a)
If the Attach Request message includes an Attach Type indicating that the UE requests a combined EPS/IMSI attach, the MME allocates a new LAI for the UE as described in clause 5.1A.


The MME does not perform any registrations with a VLR, (i.e. it skips steps 4 to 7 and no SGs association is created), if the Network Access Mode information in the subscriber data indicate that the subscription has no CS subscriber data; or if the HSS registered the MME for "SMS in MME" for the UE as described in Annex C, clause C.8.


If the registration with a VLR is required, and if for any available PLMN and RAT for CS domain the MME has no knowledge of whether it is supported by the UE (i.e. the UE radio capabilities match the frequency bands of this PLMN and RAT), the MME may perform the UE Radio Capability Match Request as specified in TS 23.401 [2] to get the list of PLMN and RAT supported by the UE and then store the list. If the MME has the list of PLMN and RAT supported by the UE, it shall use this to perform PLMN and RAT selection for CS domain, i.e. only the PLMN and RAT supported by the UE can be selected.

3)
If the registration with a VLR is required and multiple PLMNs and/or RATs are available for the CS domain and supported by the UE, the MME performs selection of the PLMN and RAT for CS domain and CS domain operator if the selected CS network is shared network configuration, based on the PLMN ID contained in the current TAI, old LAI and operator selection policies on preferred RAT for CS domain. If the target network is a shared GERAN, the MME shall also take into account the UE capability of support or non-support of GERAN network sharing when selecting the PLMN for the CS domain as specified in TS 23.251 [42]. The PLMN and RAT selected for CS should be the same that is used for this UE as a target PLMN and RAT for PS handovers or for any other mobility procedures related to CSFB. The MME may take any access restrictions provided by the HSS into account, if the network is using separate location areas for GERAN and UTRAN cells. The selected PLMN ID is included in the newly allocated LAI which is sent to MSC/VLR in step 4 and in Attach Accept to the UE.


The MME derives a VLR number based on the newly allocated LAI and the TMSI based NRI as provided by the UE or on the newly allocated LAI and an IMSI hash function defined in TS 23.236 [23]. The MME starts the location update procedure towards the new MSC/VLR upon receipt of the subscriber data from the HSS in step 2). This operation marks the MS as EPS-attached in the VLR.

4)
The MME sends a Location Update Request (new LAI, IMSI, MME name, Location Update Type, selected CS domain operator) message to the VLR. MME name is a FQDN string. The cases in which the MME includes the selected CS domain operator towards the VLR are specified in TS 23.251 [42].
5)
The VLR creates an association with the MME by storing MME name.

6)
The VLR performs the normal subscription checks for CS and if all checks are successful performs Location Updating procedure in CS domain.


For GWCN configuration, the MSC selects the core network operator as specified in TS 23.251 [42].

7)
The VLR responds with Location Update Accept (VLR TMSI) to the MME.

8)
The EPS Attach procedure is completed by performing step 17 to step 26 as specified in TS 23.401 [2]. Attach Accept message includes the parameters as specified in TS 23.401 [2]: VLR TMSI and LAI as allocated in step 3 above. The existence of LAI and VLR TMSI indicates successful attach to CS domain.


If the UE requests combined EPS/IMSI Attach Request without the "SMS-only" indication, and if the network supports SGs procedures only for SMS or the network decided to provide "SMS in MME" for the UE, the MME shall indicate in the Attach Accept message that the IMSI attach is for "SMS-only". When the network accepts a combined EPS/IMSI attach without limiting to "SMS-only", the network may provide a "CSFB Not Preferred" indication to the UE.


If the UE requests combined EPS/IMSI Attach Request with the "SMS-only" indication, and if the network supports SGs procedures only for SMS or if it supports CSFB and SMS over SGs or the network decided to provide "SMS in MME" for the UE, the MME shall indicate in the Attach Accept message that the IMSI attach is for "SMS-only".


If the MME provides "SMS in MME" for the UE, then the TMSI and LAI are provided as specified in clause C.4.2.


The network provides the "SMS-only" or "CSFB Not Preferred" indications based on locally configured operator policies based on e.g. roaming agreement.


The UE behaviour upon receiving such indications is described in TS 23.221 [26].


If the PLMN ID for the CS domain (included in the LAI provided to the UE) differs from the PLMN ID provided as part of the GUTI, the equivalent PLMNs list includes the PLMN ID for the CS domain.

9)
If the VLR has updated the SGs association and if a paging timer is still running for a MT service for this UE, the VLR shall repeat SGs Paging Request towards the updated SGs association.

NOTE 2:
The case of unsuccessful attach to CS domain is documented in stage 3 specifications, taking into account reachability for CS services of UEs that have the user preference to prioritize voice over data services and are not configured/supporting to use IMS voice services.

***** Next change 23.272*****
5.4.1
Combined TA/LA Update Procedure

NOTE 1:
The combined TA/LA Update procedure for the CS fallback, SMS over SGs or "SMS in MME" in EPS is realized based on the combined RA/LA Update procedure specified in TS 23.060 [3].
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Figure 5.4.1-1: Combined TA / LA Update Procedure

1)
The UE detects a change to a new TA by discovering that its current TAI is not in the list of TAIs that the UE registered with the network or the UE's TIN indicates the need for a TAU when re-selecting to E-UTRAN. The combined TA/LA Update Procedure is also performed in order to re-establish the SGs association.

2)
The UE initiates the TAU procedure by sending a TAU Request (parameters as specified in TS 23.401 [2] including the Update Type, old LAI and Mobile Station Classmark 2) message to the MME. The Update Type indicates that this is a combined Tracking Area/Location Area Update Request or a combined Tracking Area/Location Area Update with IMSI attach Request. If the UE needs SMS service but not CSFB, the UE shall include an "SMS-only" indication in the combined TA/LA Update procedure, see clause 5.6.

3)
Step 4 to step 19 of the EPS TAU procedure are performed as specified in TS 23.401 [2] with the differences as described below when "SMS in MME" applies:

-
If the MME is enabled to use "SMS in MME" and the MME is not registered with an HSS for that UE (i.e. the MME stores no subscriber data for the UE), the MME performs a registration with HSS as described in Annex C, clause C.8.

-
If the MME is enabled to use "SMS in MME" and the MME is registered with an HSS for that UE but has no valid SMS subscriber data (i.e. the MME stores subscriber data for the UE but SMS subscriber data have not been requested before or have been removed by the HSS), the MME may perform a re-registration with HSS as described in Annex C, clause C.8 to obtain SMS subscriber data and to provide the HSS with the MME identity to be used for MT-SMS delivery.

-
If the HSS supports "SMS in MME" the HSS follows the registration procedures described in Annex C, clause C.8.


The MME does not perform any registrations with a VLR, (i.e. it skips steps 4a to 6 and no SGs association is created), if the Network Access Mode information in the subscriber data indicate that the subscription has no CS subscriber data or if the HSS registered the MME for "SMS in MME" for the UE as described in Annex C, clause C.8.

4)
If the registration with a VLR is required, and if for any available PLMN and RAT for CS domain the MME has no knowledge about whether it is supported by the UE (i.e. the UE radio capabilities match the frequency bands of this PLMN and RAT), the MME may perform the UE Radio Capability Match Request as specified in TS 23.401 [2] to get the list of PLMN and RAT supported by the UE and then store the list. If the MME has the list of PLMN and RAT supported by the UE, it shall use this to perform PLMN and RAT selection for CS domain, i.e. only the PLMN and RAT supported by the UE can be selected.
4a)
If multiple PLMNs and/or RATs are available for CS domain and are supported by the UE, the MME performs selection of the PLMN and RAT for CS domain and CS domain operator if the selected CS network is shared network configuration, based on current TAI, old LAI and operator selection policies on preferred RAT for CS domain. If the target network is a shared GERAN, the MME shall also take into account the UE capability of support or non-support of GERAN network sharing when selecting the PLMN for the CS domain as specified in TS 23.251 [42]. The PLMN and RAT selected for CS should be the same that is used for this UE as a target PLMN and RAT for PS handovers or for any other mobility procedures related to CSFB. The MME may take any access restrictions provided by the HSS into account, if the network is using separate location areas for GERAN and UTRAN cells. The selected PLMN ID is included in the newly allocated LAI. If the association has to be established or if the LA changed, the new MME sends a Location Update Request (new LAI, IMSI, MME name, Location Update Type, selected CS domain operator) message to the VLR. The cases in which the MME includes the selected CS domain operator towards the VLR are specified in TS 23.251 [42]. The MME retrieves the corresponding VLR number from the determined LAI. If multiple MSC/VLRs serve this LAI, the TMSI based NRI as provided by the UE or an IMSI hash function is used to retrieve the VLR number for the LAI as defined in TS 23.236 [23]. The Location Update Type shall indicate normal location update. The MME name is a FQDN string.

5)
The VLR performs the normal subscription checks for CS and if all checks are successful performs Location Update procedure in CS domain.


For GWCN configuration, the MSC selects the core network operator as specified in TS 23.251 [42].

6)
The VLR responds with Location Update Accept (VLR TMSI) to the MME.

7)
The MME sends a TAU Accept (parameters as specified in TS 23.401 [2], LAI, VLR TMSI) message to the UE. The VLR TMSI is optional if the VLR has not changed. LAI is determined in step 4 above. The presence of the LAI indicates to the UE that it is IMSI attached. If the UE requests combined TA/LA Update Request without the "SMS-only" indication, and if the network supports SGs for SMS only, the network shall perform the IMSI attach and the MME shall indicate in the TAU Accept message that the IMSI attach is for "SMS-only".


If the UE requests combined TA/LA Update (or combined TA/LA Update with IMSI attach) without the "SMS-only" indication, and if the network supports SGs procedures only for SMS or the network decided to provide "SMS in MME" for the UE, the MME shall indicate "SMS-only" in the TAU Accept message. However, if the network supports CSFB and SMS over SGs and accepts a combined TA/LA Update procedure but does not indicate "SMS-only", the MME may provide a "CSFB Not Preferred" indication to the UE.


If the UE requests combined TA/LA Update (or combined TA/LA Update with IMSI attach) with the "SMS-only" indication, and if the network only supports SGs procedures for SMS or if it supports CSFB and SMS over SGs or if the network decided to provide "SMS in MME" for the UE, the MME shall indicate in the TAU Accept message that the combined TA/LA Update procedure is for "SMS-only".


If the MME provides "SMS in MME" for the UE, then the TMSI and LAI are provided as specified in clause C.4.2.


The network provides the "SMS-only" or "CSFB Not Preferred" indications based on locally configured operator policies based on e.g. roaming agreement.


The UE behaviour upon receiving such indications is described in TS 23.221 [26].


If the PLMN ID for the CS domain (included in the LAI provided to the UE) differs from the PLMN ID provided as part of the GUTI, the equivalent PLMNs list includes the PLMN ID for the CS domain.

8)
The UE may send a TAU complete message as specified in TS 23.401 [2] for the TAU procedure.

9)
If the VLR has updated the SGs association and if a paging timer is still running for a MT service for this UE, the VLR shall repeat SGs Paging Request towards the updated SGs association.

***** End of changes 23.272*****
***** First change 23.401*****
5.3.14
UE Radio Capability Match Request

If the MME requires more information on the UE radio capabilities support to be able to set the IMS voice over PS Session Supported Indication (see clause 4.3.5.8) or requires more information on the UE radio capabilities support of each available PLMN and RAT of CS domain, then the MME may send a UE Radio Capability Match Request message to the eNB. This procedure is typically used during the Initial Attach procedure, during Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update" or when MME has not received the Voice Support Match Indicator (as part of the MM Context). This procedure is also used during combined Attach procedure or combined TA/LA update procedure when MME has no knowledge about the UE radio capabilities support of any available PLMN and RAT of CS domain.
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Figure 5.3.14-1: UE Radio Capability Match Request

1
The MME indicates whether the MME wants to receive Voice support match indicator or wants to receive the list of supported PLMN and RAT of CS domain. The MME may include the UE Radio Capability information that it has previously received from the eNB via a S1-AP UE CAPABILITY INFO INDICATION as described in clause 5.11.2.

2.
Upon receiving a UE Radio Capability Match Request from the MME, if the eNB has not already received the UE radio capabilities from the UE or from MME in step 1, the eNB requests the UE to upload the UE radio capability information by sending the RRC UE Capability Enquiry.

3.
The UE provides the eNB with its UE radio capabilities sending the RRC UE Capability Information.

4.
If the Voice support match indicator is requested by the MME, the eNB checks whether the UE radio capabilities are compatible with the network configuration for ensuring voice service continuity of voice calls initiated in IMS; if the list of supported PLMN and RAT of CS domain is requested by the MME, the eNB checks whether the UE radio capabilities are compatible with frequency bands of each available PLMN and RAT of CS domain.


For determining the appropriate UE Radio Capability Match Response for Voice support match indicator, the eNB is configured by the operator to check whether the UE supports certain capabilities required for Voice continuity of voice calls using IMS PS. In a shared network, the eNB keeps a configuration separately per PLMN.

NOTE 1:
What checks to perform depends on network configuration, i.e. following are some examples of UE capabilities to be taken into account:

-
the SRVCC, and UTRAN/E-UTRAN Voice over PS capabilities;

-
the Radio capabilities for UTRAN/E-UTRAN FDD and/or TDD; and/or

-
the support of UTRAN/E-UTRAN frequency bands.

NOTE 2:
The network configuration considered in the decision for the Voice Support Match Indicator is homogenous within a certain area (e.g. MME Pool Area) in order to guarantee that the Voice Support Match Indicator from the eNB is valid within such area.


The eNB provides a Voice Support Match Indicator to the MME to indicate whether the UE capabilities and networks configuration are compatible for ensuring voice service continuity of voice calls initiated in IMS.

The eNB provides to the MME the list of PLMN and RAT of CS domain t which match UE radio capabilities.

The MME stores the received Voice support match indicator in the MM Context and uses it as an input for setting the IMS voice over PS Session Supported Indication.

The MME stores the list of PLMN and RAT of CS domain and uses it as an input for PLMN and RAT selection of CS domain.
5.
If eNB requested radio capabilities from UE in step 2 and 3, eNB also sends the UE radio capabilities to the MME using the S1-AP UE CAPABILITY INFO INDICATION. The MME stores the UE radio capabilities without interpreting them for further provision to the eNB in cases described in clause 5.11.2.

NOTE 3:
Steps 4 and 5 may be received by the MME in any order. 
***** End of changes 23.401*****
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