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· Discussion
· Open discussion for eNB implementation for solution 2 
1) eNB implementation 1
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Figure 1 Possibility of Handover to poor 2/3G Cell
As shown in Figure 1 above (highlighted in Red), 
· In step 4a, eNB receives measurement report with multiple 2/3G candidate cells in order of RSPR 

· In step 4b, eNB probably selects the strongest 2/3G cell to try first HO preparation
· In step 11a, If HO preparation is rejected, eNB probably use the second strongest 2/3G cell to try second HO preparation as eNB cannot differentiate the reason for rejection due to e.g. SRVCC cap is not matched or some radio problem in target cell.
Please note the consequent HO preparation could also fail again due to that SRVCC cap is still not matched and the above procedure continues if Radio condition does not get better.
· In step 11b, the UE could be handed over to the poorest 2/3G Cell and consequently the risk of call drop is high due to .e.g. poor 2/3G radio channel quality. If the HO survived, the consequent intra 2/3G CS HO is to be trigged as there is better 2/3G candidate Cell, which could also cause call setup failure.   
2) eNB implementation 2 (highlighted in yellow)

Copy from Clause 6.2.4, TR 23.750 0.3.0

6.2.4
Impacts on existing nodes and functionality
3GPP IMS is enhanced with a SRVCC capability match procedure as shown in step 7 of both figures 6.2.2-1 and 6.2.3-1 to reject the session transfer request from MSC Server if the UE or MSC Server SRVCC capability and the current SIP session state do not match.
If solution 2 is deployed, the MSC shall not send SRVCC PS to CS Response message to the MME until receiving a response message for the Session Transfer request from the IMS, no matter whether the response message is for rejection or for acceptance.
NOTE:
HO preparation failure (e.g, Handover Failure In Target EPC/eNB Or Target System) should not prevent source eNB to trigger another SRVCC handover request if needed.
· Open discussion for the rejection for QCI=1 bearer setup request
Except LTE weak coverage, there could be many other cases for the rejection for QCI=1 bearer setup request by eNB/EPC e.g. strong air interference and LTE overloaded and S1 backhaul overloading and some unexpected failure in EPC/PCC. 

For these cases, an originating VoLTE attempted shall be re-attempted as a voice call on CS access by the UE when the UE receives a response e.g. 500 for seamless voice service from user perspective. 
It looks that solution 1(IMS part) can be naturally reused to resolve these additional cases.
· Open discussion for case where SRVCC is not deployed
RobVoLTE should consider the case where SRVCC is not deployed as e.g. usually CDMA operators do not deploy SRVCC.
There are two issues that are worth investigating:

1) Regarding VoLTE call setup in LTE weak coverage, the VoLTE setup will fail 

2) Regarding ongoing VoLTE call, the VoLTE call will drop anyway due to moving to LTE weak coverage and the VoLTE subscriber will probably re-dial the call and fail again.

For these cases, an originating VoLTE attempted shall be re-attempted as a voice call on CS access by the UE when the UE receives a response e.g. 500 for seamless voice service from user perspective. 
It looks that solution 1(IMS part) can be naturally reused to resolve these additional cases.
· Proposal
It is proposed to approve the following changes in TR23.750.

/******************* Start of Change *************/
6.1a
Solution #1a to key issue 1a: VoLTE->CSFB

6.1.1a
Description

This is a solution for Key Issue 1 and the main idea of this solution is that:

During the VoLTE call setup procedure the eNB rejects QCI=1 bearer setup request due to LTE weak coverage. 
NOTE: How eNB determines to reject the QCI-1 setup is existing procedure as defined in TS 23.401, Clause 5.4.1, step 7.
As defined in TS 24.229, clause 5.2.8.1.1, when the P-CSCF receives an indication that QoS or bearer resources are no longer available for a media negotiated in a multimedia session currently being established:
a)
For MO VoLTE call setup the P-CSCF sends a 500 response to the UE as defined in TS 24.229, clause 5.2.8.1.1 and the UE attempts the voice call via the CS domain as defined in TS 24.229, clause L.5;

b)
For MT VoLTE call the P-CSCF returns a response to the SCC AS and the SCC AS reattempts the terminating call establishment over CS domain as defined in TS 23.292, clause 7.4.3.

6.1.2a
Mobile Originating call flows
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Figure 6.1.2-1a: Mobile originating call flows

1-2.Normal VoLTE call setup procedure for Mobile originating is performed.

3-5.QCI=1 voice bearer is to be established and eNodeB takes into account not only whether it can meet the bandwidth for QCI=1 bearer per cell but also whether or not UE is in poor LTE coverage e.g. based on LTE signalling strength and/or SINR.
a)
For UE located in good LTE coverage points, eNodeB accepts QCI=1 bearer request and then proceed with VoLTE procedure, which is not depicted in the Figure 6.1.2-1a;

b)
For UE located in weak LTE coverage points, eNodeB rejects QCI=1 bearer request, sends Create Bearer Setup Response message to the MME with bearer setup failure.

6.
As defined in TS 24.229, Clause 5.2.8.1.1,upon receipt of an indication that QoS or bearer resources are no longer available for a media negotiated in a multimedia session currently being established (e.g. an Rx interface message from PCRF) and if no SIP message removing the media for which resources are no longer available is received within an operator defined time after the reception of the indication, the P-CSCF shall cancel that dialog by responding to the original INVITE request with a 500 (Server Internal Error) response and also sends a Cancel message to notify the remote party the dialog has been cancelled.

7.
As defined in TS 24.229, Clause L.5, after receiving the 500 response message, the UE can attempt CSFB call by sending Extended Service Request message and normal CSFB is performed as defined in TS 23.272 [3].

6.1.3a
Mobile Terminated call flows
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Figure 6.1.3-1a: Mobile terminated call flows

1-2. Normal VoLTE call setup procedure for Mobile Terminated is performed.

3-6. Similar as step 3-6 of Mobile Originating call flows specified in the above clause 6.1.2a and the P-CSCF sends a Cancel message to notify the UE the MT VoLTE call has been cancelled.

7-11. P-CSCF returns a response e.g. 4xx to the SCC AS indicating the error condition and the SCC AS reattempts the terminating call establishment directly towards the same UE over CS domain as defined in TS 23.292, clause 7.4.3 and normal CSFB is performed as defined in TS 23.272 [3]
6.1.4a
Impacts on existing nodes and functionality
P-CSCF impacts

-
For Mobile Terminated procedure, upon receipt of an indication that QoS or bearer resources are no longer available for a media negotiated in a multimedia session currently being established, the P-CSCF returns a response e.g. 4xx to the SCC AS.
6.1.5a
Solution Evaluation

The advantage of this alternative is to move to 2/3G via CSFB is not delayed and therefore the risk of call failure does not increase.
/******************* Next Change *************/
7
Overall Evaluation

Regarding Key issue 1, there are two parts, which should be discussed one by one:
1) the first part is how to avoid VoLTE call setup failure by moving UE to 2/3G CS
2) the second part is how to enhance CSFB in order to guarantee VoLTE user experience in LTE weak coverage
· First part - how to avoid VoLTE call setup failure by moving UE to 2/3G CS
The Table 7-1 captures the key evaluation criteria and evaluations of the solutions, which is to resolve VoLTE call setup failure in LTE weak coverage i.e. solution 1(IMS part) and soluto2 and solution 6.
	Evaluation Criteria
	Solution #1a
	Solution #2
	Solution#6

	Overall description
	Avoid VoLTE call setup failure by moving UE to 2/3G CS using CSFB in case of LTE weak coverage
	Avoid VoLTE call setup failure by delaying bSRVCC/aSRVCC to eSRVCC
	Avoid VoLTE call setup failure with by MSC Retry  or UE retry i.e. sending Setup to both MO/MT

	Impact on eNB
	NO

	Implement requirement


	No

	Impact on MME
	NO


	NO
	NO

	Impact on MSC Server for SRVCC
	NO
	Yes

Wait for the response message from ATCF/SCC AS before sending SRVCC PS to CS Response
	Yes

Include the enhanced SRVCC capability in the session transfer request. When receive the session state information, it sends the setup to UE when required.

	Impact on P-CSCF
	Yes

Return a response to SCC AS when receiving QCI=1 bearer setup request rejection.
	
	

	Impact on SCC AS
	
	Yes

Detect whether aSRVCC/bSRVCC is supported by network and UE. If not, ATCF/SCC AS sends a SIP 480 to MSC Server. Otherwise, normal SRVCC handover procedure can continue.
	Yes

Check whether the eMSC is enhanced to handle the a/bSRVCC when UE does not support this type of SRVCC.

	Impact on UE
	NO

	NO
	YES
UE retry in MO will have UE impact.

	Advantages of Solution
	1)Moving to 2/3G via CSFB is not delayed and risk of call failure does not increase
2) Can be reused for other cases where QCI=1 bearer setup request is rejected. 
	1) UE can stay on LTE if LTE signalling gets better.
	1)aSRVCC/bSRVCC HO is not delayed and risk of call failure does not increase

	Remarks
	1)Only informative description for UE behaviour when receiving 500
2) VoLTE->CSFB could cause a longer call setup time compared to native VoLTE. 
Only standardization requirement is P-CSCF impacts as described in 6.1.4a. 
	1) Additional preparation failure and consequently additional SRVCC Handover retry
2) There could be some requirement on eNB implementation and risk/difficulty in interworking among multiple vendors.
No new standardization requirement.
	1) In MSC retry for MO case, MO call end up with MT call and big impact on user experience.


Table 7-1 Evaluation Table
Please note EVS help improve LTE weak coverage for VoLTE and therefore the call drop rate due to VoLTE call setup failure will progressively decrease and please also note there is the scenario where CDMA operators could not deploy SRVCC.
· Second part - how to enhance CSFB
The Table 7-2 captures the key evaluation criteria and evaluations of the solutions, which is to enhance CSFB assuming that VoLTE call setup has failed and CSFB will be initiated i.e. solution 1(eCSFB part) and soluto3/4/5.
	Evaluation Criteria
	Solution #1(eCSFB)
	Solution #3
	Solution#4
	Solution#5

	Overall description
	Reuse SRVCC for CSFB to reduce Call setup time
	MSC/VLR may be configured to skip or lower the frequency of security procedure
	During CSFB combined attach procedure, MME query eNB and make sure that the frequency band of the selected PLMN and RAT match the UE radio capabilities
	The required system information can be provided to the source eNB by RIM or configured by O&M.

	Impact on eNB
	Yes

Trigger SRVCC for CSFB in case of no QCI=1 bearer
	NO
	Yes

Inform MME about the frequency band of the selected PLMN supported by UE
	Yes

System information can be configured by O&M.

	Impact on MME
	Yes

1) Add SRVCC based eCSFB indicator to MSC in SRVCC PS to CS HO Request.

Please note considering VoLTE has been deployed, USSD or LCS should be supported by IMS network and therefore only CSFB for voice need to be enhanced.
	NO
	Yes

MME query eNB and make sure that the frequency band of the selected PLMN and RAT match the UE radio capabilities
	No

	Impact on MSC 
	Yes

1) Does not trigger session transfer to IMS

2) MSC sends Setup to UE to create call instance that is different from the dummy call instance created during SRVCC.

3)MSC sends Disconnect message to the UE to release the dummy call.
	Yes

MSC/VLR is configured to skip or lower the frequency of security procedure
	No

	No

	Impact on UE
	Yes

1) Indicate support of SRVCC based eCSFB to MME in the Attach Request/TAU Request message.
	NO
	NO
	NO

	Advantages of Solution
	1)Reduce call setup a lot .e.g. from 10s to 5s for L->G CSFB 
	1) Simple configuration on MSC with decent improvement for call setup time.
	1) UE can combined attach to the frequency of 2/3G that is supported by UE and therefore no 2/3G PLMN selection
	1) Simple configuration on eNB with decent improvement for call setup time especially for L->G CSFB.

	Remarks


	1)Impact on UE and no clear description in 3GPP though some terminals already supported this.
System level impact is high. There are studies ongoing by RAN WG on enhancing LTE coverage. Also the use of advance codec like EVS can provide robustness in operating in poorer radio condition. These RAN/codec features can help UE to stay in LTE and provide better user experience than moving the UE to CS domain. 

	1) May have potential impact on security level.
	1) Corner case as most UE should support all common frequency band?

	1) Risk of call drop if there is a any modifications of the system information in GERAN/UTRAN.


Table 7-2 Evaluation Table
/******************* End of Change *************/
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