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1 Introduction
RAN3 discussed the redirection for Voice call, and agreed that redirection for VoLTE will cause call drop which needs to be solved. The corresponding request and TP were sent by RAN3 in [1]. 

In this contribution, we try to integrate RAN3 TP into TR signalling enhancement part provided in [2].

FYI: the additional changes compared with [2] are highlighted in yellow. 
2 Text proposal for the TR
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VoLTE/video enhancements to improve access and signalling
6.1
Identified problems of existing mechanisms
This section describes the potential issues/scenarios discussed in this study.
6.1.1
Prioritise the access of Voice/Video call
In case of network congestion (e.g. maximum number of users that can be connected, poor radio conditions, etc), an operator may want to allow Voice/Video access, but not any other services. It may be beneficial to prioritise Voice/Video access in such cases.
6.1.2
Prioritise the signalling of Voice/Video call

During the study, the following scenarios have been discussed:
Scenario 1: Voice/Video call, SMS and RCS may all use SIP signalling, so the eNB has no idea about what is the purpose of the SIP signalling. In congestion conditions, it may be beneficial for the network to handle SIP signalling for Voice/video with higher priority than the SIP signalling for SMS and RCS.
However, during the study, it is unclear whether SMS or RCS blocking the SIP signalling for voice/video is a frequent scenario. 
Scenario 2: For uplink transmission, if there is no UL resources, the UE will send SR first, and then BSR. Based on the current mechanism, the eNB cannot know whether SR/BSR is for voice/video SIP signalling.
During the study, RAN agreed:

For initial voice call setup in IDLE mode, the UE shall indicate “MO Voice” cause value; SIP signalling is already prioritised. 

For initial voice call setup in connected mode, SR/BSR is used to indicate that the data is available if there is no UL grant. However, SR/BSR signalling can be handled by eNB with the existing legacy scheduling prioritization mechanism, i.e. this can be handled with a suitable network implementation.
6.1.3
Mobility related issues
During the study, following scenarios have been discussed:

Scenario 1: When an IMS voice call for the terminating UE is under establishment or established, and the terminating UE moves to 2G/3G which cannot support IMS voice. 

For this scenario, the terminating UE may be kept in LTE if SRVCC or CSFB cannot be triggered in 2G/3G or the calling UE may redial to establish the IMS voice call.
Scenario 2: During an ongoing call, as part of intra-LTE handover the UE may be moved by source eNB from a tracking area with IMS voice support to a tracking area without IMS support. 
This scenario has been discussed in CT1 and it was agreed that if the persistent EPS bearer is established, the UE shall keep the call or multi-media session and delay subsequent NAS actions (related to disabling the E-UTRAN capability and performing inter-system change, as indicated in [x] until the persistent EPS bearer is normally or abnormally released;
Scenario 3: One frequency is used as coverage layer, and supports VoLTE; another frequency is only used as throughput layer, and does not support VoLTE. The UE suffers RLF on coverage layer when VoLTE call is ongoing, and performs reestablishment on throughput layer. The final reestablishment of the VoLTE call on coverage layer results in increase of the interruption time and call setup delay as well. 
Since this scenario is only caused by specific deployment in one region, it does not need to be addressed in this study;
Scenario 4: Redirection is mainly useful in case that there are no available measurement results in eNB. In this case, it makes sense for eNB performing redirection instead of handover. During redirection procedure, the eNB can only indicate the frequency layer which can be independent on measurement results to the UE and then the UE can select and access a suitable cell on the indicated frequency layer during redirection. These principles of redirection should also be applied to voice  service as well. However, redirection for VoLTE will cause call drop which needs to be solved.
The voice call will drop during redirection procedure and the overall issue is depicted as in the Figure X.1.1-1.
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Figure X.1.1-1: Issue of redirection for VoLTE
1.
Upon eNB deciding to perform redirection to another E-UTRAN frequency e.g. due to mobility or load balancing, the eNB shall send UE CONTEXT RELEASE REQUEST message with an appropriate cause value.
2.
The MME shall trigger the MME Initiated Dedicated Bearer Deactivation procedure to delete the GBR voice bearer as specified in section 5.3.5 of TS 23.401:
If the cause of S1 release is because of User I inactivity, Inter-RAT Redirection, the MME shall preserve the GBR bearers. If the cause of S1 release is because of CS Fallback triggered, further details about bearer handling are described in TS 23.272 [58]. Otherwise, e.g. Radio Connection With UE Lost, S1 signalling connection lost, eNodeB failure the MME shall trigger the MME Initiated Dedicated Bearer Deactivation procedure (clause 5.4.4.2) for the GBR bearer(s) of the UE after the S1 Release procedure is completed.
Since the GBR voice bearer is deleted in the core network, the P-CSCF shall send SIP BYE 503 to the peer, which means that the voice call is dropped completely. 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 e.g. by a 503 (Service Unavailable).
3.
The UE shall select and access a suitable cell in the frequency indicated in the RRC Connection Release message. 
4.
Since the GBR bearer has already deleted in core network, after redirection the voice call cannot be recovered. The user can re-dial the phone number again. However, the related bearer needs to be setup from beginning, which will spend several seconds. Anyway, this will cause very bad user experience. 
6.2
Potential solutions
6.2.1
Prioritise the access of Voice/Video call

Regarding the access of Voice call:

-
MO voice call: RRC establishment cause value “mo-VoiceCall-v1280” was introduced from rel-12 for “mobile originating MMTEL voice calls”;

-
MT voice call: suitable network implementation can handle the access of MT VoLTE call, e.g. by paging priority as:

-
The MME needs to identify the MT call, and only marks the paging for VoLTE as high priority;
-
In congestion situation, the eNB may only send high priority paging;
-
The consequence is that all MT accesses are for VoLTE;
In view of above there is no need for additional mechanisms for prioritisation of MO/MT voice call access.

Regarding the access of Video call:
-
The following options have been considered for prioritizing the access of MO Video calls:

Option 1: use MO voice cause value in MSG3 for MO video calls; Some clarifications are needed in RAN2 and CT1 if MO voice cause value for MO video call can be allowed.
Pros: no ASN.1 impact;

Cons: NAS impacts, unclear handling at higher layers and cannot distinguish access for Voice and Video in AS;

Option 2: introduce a new cause value for MO video call, e.g. in MSG3 or MSG5; Some clarifications are needed in CT1 and SA1 on the usage of MO video call value.
Pros: can distinguish access for Voice and Video in AS;

Cons: ASN.1 impact, NAS impacts, overlap with MMTEL video call type, unclear handling at higher layers;
-
MT video call: suitable network implementation can handle the access of MT Video call, e.g. by paging priority.
6.2.2
Signalling Enhancement to Support of Redirection
In order to solve the issue caused by scenario 4 described in 6.1.3, a straight way is to keep the voice bearer in both UE and core network during redirection procedure as shown in Figure X.1.1-2.
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Figure X.1.1-2. A potential solution to support redirection for VoLTE
1. Upon eNB deciding to perform redirection to another E-UTRAN frequency e.g. due to mobility or load balancing, the eNB shall send UE CONTEXT RELEASE REQUEST message with a new code point e.g. a new IE / cause value or reuse of existing cause value.
2.
Upon receiving UE CONTEXT RELEASE REQUEST message with the new cause value, the MME shall suspend the voice GBR bearer for a while. The time of keeping the voice GBR bearer should be long enough to allow the UE recovery after redirection.
3.
On the UE side, if the UE receives the RRC Connection Release with redirection and the voice is ongoing, the UE can keeps the voice call in the application layer. The existing UEs is already support this function which depends on their implementation.
4.
After UE re-accesses the network, the voice GBR bearer can be recovered immediately.
Compared with re-establishment of the voice service as shown in the Figure X.1.1-1, this solution in the Figure X.1.1-2 can reduce the delay about 3 seconds.

Note: in step 1, whether a new IE/cause value is used or an existing cause value is reused should be discussed and decided in WID stage.
6.3
Evaluations and Conclusions
During the study of the signalling enhancement, following conclusions were achieved:
Prioritisation of the access for Voice/Video call:
-
MO/MT voice call and MT video call: these can be handled with the existing solutions and a suitable network implementation;

-  MO video call: use MO voice cause value in MSG3 for MO video calls. Priority handling for IMS video service is already well established across network layers if MO voice cause value is used and distinction of video from voice by adapting of a new establishment cause does not guarantee improved priority handling at higher layers. 
Prioritisation of the signalling for Voice/Video calls
-
Prioritisation of SIP signalling: no additional work is identified;
Enhancements on mobility related issues: 
-
Scenarios 1-2 described in 6.1.3: these can be handled with the existing solutions and a suitable network implementation;

-  Scenario 3 described in 6.1.3: it does not need to be addressed in this study;
-  Scenario 4 described in 6.1.3 (Call drop due to redirection): solution described in 6.2.2 should be used to solve the problem.
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Conclusions and Recommendations
Regarding the signalling optimization, based on the discussion in the study item, following aspects can be further study and solved in WID stage:
Prioritization of MO Video call:

· Use MO voice cause value in MSG3 for MO video calls; In WID stage, additional clarifications are needed in RAN2 and CT1.
Mobility related issues:
· Keep the voice bearer in both UE and core network during redirection procedure; In WID stage, additional clarifications are needed in RAN3 and SA2 as shown in section 6.2.2.
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