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1. Discussion
This paper aims to close the two Editor’s Notes that exist in section 5.1.2 of TR 23.772 with regards to UE impacts for solution 1 of eCSFB. 

Impact on the UE behavior in SRVCC/CSFB handover failure cases
In SA2#105 an editor’s note was captured since it is not clear whether from UE perspective for this solution in case of handover failure whether the SRVCC or CSFB failure procedures are followed. In particular whether the UE stays in target RAT (if successfully camped on a cell) or returns back to source as implied by TS 23.216 [3] clause 8.1.2.
8.1.2
Failure after UE receives HO command

If the UE encounters a failure at the radio level after it receives the handover command and does not successfully transition to 3GPP UTRAN/GERAN RAT, the UE attempts to return to E-UTRAN/UTRAN by sending a re-INVITE to the SCC AS. The core network (MME, MSC Server) shall take no (v)SRVCC specific action in the event of not receiving the Handover Complete message from the UE.

It has to be reminded that from functional perspective this combination of CSFB and SRVCC is quite similar to what is already defined in TS 23.272 for MO/MT LCS when the UE is in active VoIP session in clause 8.3.1.2 and 8.3.2.2.
Also you can find the general case in TS 23.272 for MO/MT CS Services while UE is in IMS VoIP session in clause 8.4.1.2 and 8.4.2.2.
1a.-2.
These steps are performed as defined in clause 6.2.

3.
Based on UE measurement reports and CS Fallback Indicator in step 1b, the source E‑UTRAN decides to trigger an SRVCC handover to UTRAN/GERAN. Continuous SRVCC procedures are continued as specified in TS 23.216 [20], clause 6.2.2.2.
4.
After sending a Handover Complete message via the RNS/BSS to the MSC in step 3, the UE sends a CM Service Request to the MSC indicating a request for location services. After the HLR is updated and the subscriber data are downloaded from the HLR, the MSC sends a CM Service Accept to the UE. Then the UE sends a NAS MO-LR Request to the MSC.

….

1b.
UE sends an Extended Service Request (Reject or Accept) message to the MME for mobile terminating CS Fallback. The Extended Service Request message is encapsulated in RRC and S1-AP messages. The UE may decide to reject CSFB based on LCS Client Identity.

1c.
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. Corresponding error handling is returned to the GMLC as specified in TS 23.271 [8].

1d.
MME sends an S1-AP Request message to eNodeB that includes the UE Radio Capabilities and a CS Fallback Indicator. This message: indicates to the eNodeB that the UE should be moved to UTRAN/GERAN.

1e.
The eNodeB shall reply with S1-AP Response message.

2.
These steps are performed as defined in clause 7.3 for PS handover supported case and clause 7.4 for No PS handover supported case.

3.
Based on UE measurement reports and CS Fallback Indicator in step 1d, the source E UTRAN decides to trigger an SRVCC handover to UTRAN/GERAN. Continuous SRVCC procedures as specified in TS 23.216 [20], clause 6.2.2.2 for PS handover supported case and clause 6.2.2.1a for No PS HO supported case are performed.
4.
After receiving Relocation/Handover Complete message from the RNS/BSS in step 3, MSC sends LCS Location Notification Invoke to the UE.

5.
Continuation of CS-MT-LR procedures as specified in TS 23.271 [8], clause 9.1.2.
In that (existing) case also it is not clear whether the UE follows CSFB failure procedures and stays in target RAT e.g. re-attempting the calls in CS domain or goes back to E-UTRAN. It is more preferable in our view for the UE stay in target RAT for both these cases and this can be clarified either as part of eCSFB or a generic CR.
Proposed Conclusion 1: In case of SRVCC handover failure with solution 1 it is preferred that the UE stays in target RAT. Given this is a common issue with MO/MT LCS while the UE is in active VoIP call, this can be clarified in TS 23.216 with a CR.
Now, this contribution discusses what the most likely UE behaviour for legacy SRVCC/CSFB capable devices behaviour would be in that case. 

First, it is worth noting that the text in TS 23.216 mentions “the UE attempts to return to E-UTRAN/UTRAN by sending a re-INVITE to the SCC AS”. 
There are two aspects of the above text in red:

1.
The action described in the quoted text links the return to E-UTRAN/UTRAN to the reestablishment of the IMS connection by sending the re-INVITE to the SCC AS. This means that this is tied to the case where the UE has a PS call ongoing, and moving the PS call to CS domain failed.  

2.
The Stage 2 intention is that if moving the PS call to CS domain fails, the UE tries to recover by returning the E-UTRAN and re-establishing the PS call.

3.
This text should not apply to the case where the UE is actually trying to establish a CS call, as there is no re-INVITE involved.
There are three possible reasons why the UE may be moved via inter-RAT handover from E-UTRAN to UTRAN/GERAN:

1.
Normal non-voice related mobility (e.g., end of E-UTRAN coverage, load balancing)

2.
SRVCC

3.
CS fallback

When inter-RAT handover fails, the UE state is moved to idle, and cell re-selection process begins.

For cases 1 and 2, the UE would normally try to return to E-UTRAN, since the preferred RAT is E-UTRAN. 

However, for case 3, CS fallback, the UE still has a CS call pending, in which case, the UE should normally try to insist in camping in GERAN/UTRAN to establish the CS call. 

But note that whether the UE tries to remain in GERAN/UTRAN or return to E-UTRAN is independent of how the UE was sent to GERAN/UTRAN, but on whether there is a CS call pending to be established or not. 

Therefore, for the case of Solution 1, when the handover fails, even when it was an SRVCC handover, the information the UE has is that it has a CS call pending, and will remain in GERAN/UTRAN. 
Proposed Conclusion 2: When handover fails, the UE still has a CS call pending to be established. Therefore, it will most likely remain in 2G/3G and try to establish the CS call directly.  
Impacts on the inter-RAT measurements 

In the following editor’s note: 

Editor’s 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?
It is questioned that the eNB will not have enough time to perform measurements. This is not true since as it is defined in [5] (which is also referenced in TR 23.772):

a)For LTE->UMTS measurement only takes about 300ms. Also, LTE->UMTS PS HO based CSFB has no such problem and therefore there is no problem for SRVCC based eCSFB.

b)For LTE->GSM measurement, the legacy GAP based measurement takes about 2.4 seconds. If we though use CDRX IRAT measurement, LTE->GSM measurement time only takes about 300-600 milliseconds also.
Overall we can safely conclude that: 

Proposed Conclusion 3: SRVCC based eCSFB will not affect the handover success since the UE and eNB will always have adequate time to perform measurements.

Impacts to EMM/MM and AS layer UE behaviour

(This topic needs to be checked with CT1 in the joint meeting or potential LS exchange)

The more detailed analysis for this is presented in S2-14xxyy
 that will be handled in the JM2Proposed Conclusion 4: There are no impacts on EMM/MM and AS layer UE behaviour for this solution.

Impacts on the Call Control entity behaviour

(This topic needs to be checked with CT1 in the joint meeting or potential LS exchange)
The more detailed analysis for this is presented in S2-14xxyy.
Proposed Conclusion 5: The Call Control entity UE behaviour required for this solution is not specified in the related stage-2 and stage-3.

At SA2#105 it was though also additionally indicated in S2-143761 [1] that according to TS 22.083 [2] the active call must be put on hold before initiating another call. It was then agreed to capture the following Editor’s Note: 
Editor’s Note: As the flow assumes the UE initiates the first call instance upon reception of HO CMD in step 2f, it is FFS whether the UE can send the CM service request and the CS SETUP for a new call without putting the first call on hold at first.

As indicated in S2-14xxyy, in case of SRVCC based eCSFB only the right call instance becomes “active” and therefore, no call instance is put “on hold”. Therefore, this editor’s note can be simply removed.
Proposed Conclusion 6: Remove editor’s note, as the issue does not exist.
2. Proposal
It is proposed to agree to the following proposed conclusions: 
Conclusion 1: In case of SRVCC handover failure with solution 1 it is preferred that the UE stays in target RAT. Given this is a common issue with MO/MT LCS while the UE is in active VoIP call, this can be clarified in TS 23.216 with a CR.

Conclusion 2: When handover fails, the UE still has a CS call pending to be established. Therefore, it will most likely remain in 2G/3G and try to establish the CS call directly. 
Conclusion 3: SRVCC based eCSFB will not affect the handover success since the UE and eNB will always have adequate time to perform measurements. 

Conclusion 4: There are no impacts on EMM/MM and AS layer UE behaviour for this solution.

Conclusion 5: The Call Control entity UE behaviour required for this solution is not specified in the related stage-2 and stage-3.

Conclusion 6: Remove editor’s note, as the issue does not exist.
Based on that it is proposed to agree to delete these Editor’s Notes and agree on the edits shown in the P-CR below.

3. References
[1] S2-143761, “Issue with two simultaneous calls in Solution #1, MO call”, Nokia Networks, Nokia Corp., Samsung
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[3] TS 23.216: “Single Radio Voice Call Continuity (SRVCC); Stage 2”

[4] TS 23.272: “Circuit Switched (CS) fallback in Evolved Packet System (EPS); Stage 2”
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>>>Start Changes<<<
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.

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).


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.
>>>Next Change<<<
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. The Handover from EUTRAN Command may include an indication the handover was triggered due to CSFB, as defined in TS 23.272.

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) 

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.
>>>Next Change<<<
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.).
UE impacts:

· The normal handover behavior for SRVCC defined in procedures of TS 23.272 and TS 23.216 referenced in clauses 5.1.1.1 and 5.1.1.2 of this solution can be followed without modification to introduce SRVCC based eCSFB. No new UE behavior is expected for these procedures as a result of this solution.
· For the handover failure behavior it is preferred that the UE stays in target RAT after following the procedures defined in this solution. This is though a common issue with MO/MT LCS while the UE is in active VoIP call. Although not explicitly defined in specifications, it is most likely that current implementations would remain in the target RAT after handover failure detection, since the UE still has a CS call waiting to be established. 

· 
· The SRVCC related UE requirement with IMS voice session as a precondition for SRVCC defined in corresponding procedures of TS 23.216, TS 23.237 and TS 23.292 is impacted.
-
No impacts to EMM/MM and AS layer UE behaviour are expected for this solution. 


-
The Call Control entity UE behavior required for this solution is not specified in the related stage-2 and stage-3 specifications. 


>>>End of Changes<<<
�This the paper we prepare for the JM which will be largely based on S2-143781 discussion part.
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