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1 Introduction
In last RAN2 meeting, an official email discussion was allocated to discuss the potential problems from signalling aspect:
[93bis#27][LTE/eVoLTE] Identify the potential problems from signalling aspect (Huawei)

-
Based on the content of R2-162648 and R2-162473

-
Intended outcome: Discussion report to the next meeting

-
Deadline: Thursday 05/05/2016
This contribution summarizes the outcome of this email discussion and suggests the way forward.
2 Discussion
The SI on Study on enhancement of VoLTE was agreed in RAN#71 in [1], with the following objective:

-
Enhancements to prioritize VoLTE/video access and/or VoLTE/video related signaling and reduce call drop probability (e.g. potential call drop during mobility) by signalling enhancement for VoLTE/video (RAN2, RAN3).
Two contributions [2] [3] were available at RAN2#93b on signalling enhancements topic; in this email discussion, we try to analyze the scenarios and identify potential problems.

Topic 1: prioritize the access of Voice/Video call:

In network congestion situation (maximum connected user number or radio condition, etc), the operators may want to allow Voice/Video access, but not allow other services. Currently we have the following mechanisms:

Solution 1: ACB (SSAC/ ACB skip/ ACDC)

As indicated in [4], ACB related solutions require changing system information, which may have large impacts to system performance.
Solution 2: new establishment cause value in RRC message (MSG 3 or MSG 5)

Based on [4], RAN2 agreed to introduce one new cause value for VoLTE MO from Rel-12, because RAN2 agreed that for some cases, it is necessary for the network to know the cause value in order to perform a special handling, e.g. prioritize the VoLTE access, and possibly drop other services, etc. 
In [4], the handling on MT voice call was also discussed. Some companies thought that we may rely on paging priority to solve the MT issue:

Step 1: The MME needs to identify the MT call, and only marks the paging for VoLTE as high priority;

Step 2: The eNB only sends high priority paging;

Step 3: all MT accesses are for VoLTE;

This solution has lots of restrictions. It requires the eNB to drop all non-high priority paging, which will impact MT services seriously. Normally MT services have higher priority than MO services, but this solution implies that MT services have lower priority than MO services. 
Voice-Issue 1: Do existing solutions have problem on prioritizing the access of MT voice call? If yes, do we need other solutions? And which solution?
	Company 
	Do existing solutions have problem on prioritizing the access of MT voice call? If yes, do we need other solutions? And which solution?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	Yes
	Paging priority solution restricts the eNB implementation, and lead MT call to be lowest priority than MO call.

	CMCC
	Yes
	The solution of marking the paging for VoLTE as high priority as described above may only fit the serious congestion situation in which all other services are forbidden. In light congestion situation, this may degrade the system performance. Hence, we think we need new solution. 
We slightly prefer a simple and straightforward solution, e.g. a new indicator within the Paging message indicating the paging is for a MT voice call, and then the UE can set the VoLTE cause value in MSG3 accordingly.

	Ericsson
	No
	We think paging priority can be used to prioritize the access of voice/video calls. It is up to network implementation how to handle priority paging messages and therefore dropping the non-prioritized paging messages is not necessarily required.

	Kyocera
	No
	We think it’s sufficient to allow eNB implementation to prioritize MT voice calls.

	Qualcomm Incorporated
	No
	The existing paging priority mechanism in S1 Paging message with proper network configuration / implementation seems flexible enough to address MT voice calls among other possible MT calls.

	ZTE
	No
	The network by implementation can have a higher paging priority for MT VoLTE, sent from the MME to the eNB. The eNB should determine whether to page the UE before sending the paging message. This means that the RRC establishment request from a paged UE should be accepted.

	Nokia Networks
	No
	We share the view that dropping all non-high priority paging is not required. The use of this or any other prioritization mechanism that aim at MO calls access priority can result in putting MT services access in order of lower importance, but the actual problem with dropping MT calls isn’t so evident. 

However, coexistence of numerous existing prioritization mechanisms cannot be ignored. They serve different purposes and might remain equally important in case of congestion. NW have various options for additional handling that should help in enhanced prioritization of VoLTE/video access

	KDDI
	No
	We think it’s sufficient to allow NW implementation to prioritize MT voice calls.

	Intel
	
	No strong opinion. In general we tend to think that it’s a pure network issue, so maybe RAN3/SA2/CT1 need to be consulted if RAN2 cannot conclude on this issue.


10 companies provided view, and 6 companies would prefer to leave it to network implementation. We suggest to go for the majority’s opinion.

Observation 1: Suitable network implementation can handle the access of MT VoLTE call well.

There were also some discussions on Video call .e.g. in [5], 
The reason we hope MO video call should be included is that the user who initiate a MO video call is usually high-ARPU subscriber. Assuming the case that a user would probably redial the video call when the network due to RAN congestion rejected his previous video call attempt. From the business and user experience perspective, it is of importance to guarantee these users’ experiences.
Nevertheless, since there is no additional bit left in MSG3 and companies wanted to solve the VoLTE issue first, finally RAN2 did not work on the Video case. 
Video-Issue 1: Does the access of Video call need to be prioritized?
	Company 
	Does the access of Video call need to be prioritized?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	Yes
	We agree the scenario mentioned by operator.

	CMCC
	Yes
	As described in [5], we think both MO voice call and MO video call should be prioritized

	Ericsson
	Yes
	That may be one scenario which needs to be considered, but we think it would be good to clarify the relation between voice calls and video calls first. For example, would the user make a voice call and add the video later assuming that setting up a voice call is prerequisite for setting up the video call? If that is the case, prioritization of voice calls during connection establishment, e.g. via establishment cause, may be enough.

	Kyocera
	No
	When there is no RAN congestion, there is no reason for the NW to deny any type of access; however, if there is RAN congestion, it is doubtful that video call should be prioritized esp. since video calls consume high BW.  

	Qualcomm Incorporated
	Yes
	

	ZTE
	Yes
	

	Nokia Networks 
	Yes 
	Certainly, there are cases in deployments that benefit from video call prioritization. This was one reason why RAN2introduced ACB skip mechanisms for MMTEL video and voice services.

	KDDI
	No
	In case of RAN congestion and prioritizing video call simulternously, RAN congestion will be worse. Because usually speaking, video call consumes wider BW than other services. Furthermore, we would like to point out that prioritizing video call might give negative impacts to voice call. From perspective of an operator, we don’t agree with this.

	Intel
	No
	We have only one spare value left in IE EstablishmentCause in RRC connection request message, so we have to be cautious for which purpose we want to use it.


10 companies provided view, and 7 companies agreed that the access of Video call shall be prioritized. We suggest to go for the majority’s opinion. 

Video-Issue 2: If the answer on issue 1 is yes, what call do we need to consider, MO, MT or both?
	Company 
	If the answer on issue 1 is yes, what call do we need to consider, MO, MT or both?

	
	MO/MT or both
	Remark

	Huawei, HiSilicon
	Both
	We would prefer to consider both.

	CMCC
	Yes
	Both

	Ericsson
	Both
	

	Qualcomm Incorporated
	Both
	It is a separate question if new mechanisms are needed for both though.

	ZTE
	Both
	

	Nokia Networks
	Both
	Both variants can be considered in analysis. Since duplication in functionalities should be avoided, we should take into account implementations made for SSAC, new establishment cause for VoLTE and mt-Access establishment cause and and try to identify  whether and what issues there are in the existing methods.


6 companies provided view, all companies agreed that the access of both MO and MT Video call shall be prioritized, so we provide the following observation and proposal:
Observation 2:  it is beneficial to prioritize the MO/MT Video access for some deployments;
Proposal 1: Capture the requirement on “prioritize the MO/MT Video access” in the TR;
Video-Issue 3: If the answer on issue 1 is yes, do existing solutions have problem on prioritizing the access of Video call? If yes, do we need other solutions? And which solution?
	Company 
	Video-Issue 3: If the answer on issue 1 is yes, whether existing solutions have problem on prioritizing the access of Video call? If yes, do we need other solutions? And which solution?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	Yes
	ACB related solutions require changing system information, which may have large impacts to system performance.
Similar to Voice, we prefer to introduce new cause value for Video call.


	CMCC
	Yes
	Cause value in a new MSG3 or in MSG5 is FFS.

	Ericsson
	No
	The currently available establishment cause for VoLTE calls can be used also for video calls. We do not see the need to separate the priority of a video call from a VoLTE call. Please see our comments for issue 1 above.

	Qualcomm Incorporated
	Yes
	We think introducing a new establishment cause for video call is the most flexible approach.

	ZTE
	Yes
	A new cause value is needed for MO, may not be required for MT.

	Nokia Networks
	No
	Following the reasoning brought under Topic1 (i.e. if certain service is prioritized all other services are dropped), we wonder if the new cause for video only would not dilute the other original purposes (VoLTE, MT prioritization). 

We are in the opinion that if one relies on existing priority mechanisms, NW have means to apply a few solutions jointly. It would be beneficial to understand what would be the actual use case for prioritization of VoLTE video, voice and considered along MT access, in order to work out which of the existing mechanisms could be a baseline and what complementing mechanism would be needed.  

If we agree to introduce new cause value for video call, similar to VoLTE MO in Rel-12, we need to remember that for consistency and backward compatibility aspects, we would also need to maintain System Information to indicate the NW capability to accept the new cause.




7 companies provided view, 5 companies agreed to introduce a new cause value for Video access. We suggest to go for the majority’s opinion. However regarding in which message (MSG 3 or MSG5), and for MO or MT call (or both) still need further discussion.
Proposal 2: introduce a “new cause value for Video call”, the details should be further discussed in RAN2.
Topic 2: Prioritize the signalling of VoLTE:

As discussed in [2], currently QCI =1 bearer is only used for VoLTE service, so the eNB can identify VoLTE service easily and prioritize the handling. 
VoLTE, 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 VoLTE with higher priority than the SIP signalling for SMS and RCS. 
Signalling-Issue 1: Do companies see the need to prioritize the SIP signalling for VoLTE compared to SIP signalling?
	Company 
	Do companies see the need to prioritize the SIP signalling for VoLTE compared to SIP signalling?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	Yes
	We see the benefit to prioritize SIP signaling for VoLTE from other SIP signaling.

	CMCC
	Yes
	In CMCC LTE network, the VoLTE call may fail in access procedure due to the transmission failure of SIP signalling. 

Besides the prioritized transmission of SIP signalling, we have also observed that the large size of the SIP signalling package, e.g., 16000 bits, during the MO procedure is another important cause of transmission failure of SIP signalling. The solutions to deal with this issue are also proposed to be studied.

	Ericsson
	No
	Prioritizing SIP signaling for VoLTE/video calls may be beneficial but it requires CN involvement so that SIP signaling can be marked with respect to the service. Note that eNB is unaware of which service a particular packet belongs to.

	Kyocera
	Yes
	It is reasonable to consider ways to prioritize SIP signaling associated with VoLTE to prevent call failures.

	Qualcomm Incorporated
	No
	We are not fully convinced that SMS or RCS blocking the SIP signaling for VoLTE is a frequent scenario.

	ZTE
	Yes
	It may be beneficial to prioritize the SIP signaling of VoLTE call type at RRC connection setup. Not sure about other cases. 

	Nokia Networks
	Not clear
	Currently the MO VoLTE establishment cause may already indicate also SIP signaling, as specified in section 5.3.3.2 of RRC. 

Whether eNB would have to handle distinguished signaling for different services in case of MT seems to go beyond RAN2 expertise and we should no consult relevant groups in this context.

	KDDI
	Not clear
	Same as Nokia’s view.

	Intel
	No
	We share the comment from Qualcomm.


10 companies provided view, 3 companies do not see the need to prioritize SIP signalling for VoLTE from other SIP signalling; 5 companies see the benefit to do so. 2 companies would like to understand whether the issue exists or not. 

There is not clearly consensus, further discussion is needed.

Proposal 3: Further discussion is needed on whether SIP signalling for VoLTE should be prioritized from other SIP signalling. 
For uplink transmission, if there is no UL resource, the UE will send SR first, and then BSR. Based on the current mechanism, the eNB cannot know whether SR/BSR is for VoLTE SIP signalling or not. In congestion situation, the eNB may not give UL grant in time. Therefore, delay will be increased or the SIP signalling may be dropped. 
Signalling-Issue 2: Do companies see the need to prioritize SIP signalling for VoLTE in SR/BSR?
	Company 
	Do companies see the need to prioritize SIP signalling for VoLTE in SR/BSR?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	Yes
	We see the benefit to prioritize SIP signaling for VoLTE in SR/BSR

	CMCC
	Yes
	It might be beneficial to consider such kind of optimization.

	Ericsson
	No
	We think that the potential problem can be addressed to a certain extend with the legacy scheduling prioritization mechanisms. We do not see the need for any enhancements.

	Kyocera
	Yes
	

	Qualcomm Incorporated
	Yes
	As the eNB scheduler today would differentiate data traffic from different QCIs, having a similar level of differentiation for SR is an interesting idea.

	ZTE
	No
	For UL, the LCP always prioritize the SRB which is also identified by the LCG ID in BSR. If the UE has several different types of SIP signaling to be sent in parallel, the LCP cannot differentiate the SIP signaling type. The MAC entity should be agnostic to SIP signaling type, as SIP signaling is above PDCP. Not sure how the eNB differentiates the SR related to SIP signaling,

	Nokia Networks
	No
	We see no immediate need to enhance the scheduling – since the intent is about prioritizing UE already in RRC_CONNECTED, it seems to slightly diverge from the other discussion in this context.

	KDDI
	No
	We don’t think immediate need to enhance the scheduling.

	Intel
	No
	We are not sure how frequent the SIP signalling issues for VoIP, SMS and RCS occur.


10 companies provided view, 5 companies do not see the need to prioritize SIP signalling for VoLTE in SR/BSR; 5 companies see the benefit to do so. 

There is not clearly consensus, further discussion is needed.

Proposal 4: Further discussion is needed on whether SR/BSR for SIP signalling of VoLTE should be prioritized. 
Topic 3: Mobility issues:

In the last meeting, RAN3 endorsed TP on redirection in [6], to save our time and since redirection mainly impact RAN3, we would suggest to do not discuss it again in this email discussion.
[3] mentioned that the call will be dropped in the following two mobility scenarios:

Scenario 1:
Inter-RAT change from LTE to 2G or 3G by redirection or PS HO when an IMS voice call for the terminating UE is under establishment or established and the terminating UE moves to an area of the other RAT where IMS voice is not supported. Then the IMS voice call will drop if SRVCC cannot be triggered in that non –LTE RAT. Currently, there is no possibility to notify the calling UE to retry the IMS voice call over CS for avoiding a call drop.
Mobility-Issue 1: Do companies agree on the problem mentioned in scenario 1? If yes, can existing solution solve the problem?
	Company 
	Do companies agree on the problem mentioned in scenario 1? If yes, can existing solution solve the problem?

	
	Yes or no
	Remark

	Huawei, Hisilicon
	Yes for Case 2
	In our understanding, there are two cases:
Case 1: The UE moves to 2G/3G or LTE which cannot support IMS voice when the call is ongoing;

For this case, we think existing solution can solve the problem, e.g. SRVCC to 2G/3G or maintain the call in LTE even if it does not support IMS call;

Case 2: The UE moves to 2G/3G or LTE which cannot support IMS voice during call setup procedure;

The bearer cannot be setup upon HO, therefore SRVCC cannot be used. The call will be dropped. Seems it is related to how core network handles the call, and should be discussed in SA2.



	CMCC
	No
	It seems there are two different cases:

Case 1: If the redirection or PS HO to an RAT where IMS voice is not supported is already initiated by eNB and the eNB receives a request to establish a dedicated bearer for VoLTE(QCI=1) soon afterwards, the eNB will reject the dedicated bearer setup request and accordingly the IMS voice call will drop. This might happen but we consider it is a rare case given that these two procedures (i.e. mobility procedure and bearer establishment procedure) colliding each other is at a quite low probability. So we do not consider optimization for this case.

Case 2: While if the dedicated bearer for VoLTE(QCI=1) is already established ahead, in CMCC LTE network, the redirection or PS HO to an RAT where IMS voice is not supported would not be initiated. If the inter-RAT change from LTE to 2G or 3G is necessary, then a SRVCC would happen considering that the SRVCC is already widely supported in CMCC network. So, we do not consider this case as a problem either.

	Ericsson
	No
	We agree that case 1, as described above, can be addressed with the existing solutions. Case 2 was discussed earlier and the solution is to redial.

	Kyocera
	No
	We agree with Ericsson.

	Qualcomm Incorporated
	No
	The problem scenario seems somewhat limited and does not seem to justify a new mechanism.

	ZTE
	No
	We agree with CMCC.

	Nokia Networks
	No 
	No problems identified either

	Intel
	Yes
	This is an issue we observed in the field, therefore we think it cannot be considered as a rare case. However, we agree that the issue can be avoided by proper network deployment and configuration.


9 companies provided view, 3 companies agree that the issue may exist; 6 companies do not see the problem. We suggest to go for the majority’s opinion, and do not discuss this issue in RAN2. 

Proposal 5: do not optimize the scenario below:
· Inter-RAT change from LTE to 2G or 3G by redirection or PS HO when an IMS voice call for the terminating UE is under establishment or established and the terminating UE moves to an area of the other RAT where IMS voice is not supported. Then the IMS voice call will drop if SRVCC cannot be triggered in that non-LTE RAT.
Scenario 2:
Intra-LTE handover when the UE moves from a tracking area with IMS voice support to a tracking area without IMS voice support.
Mobility-Issue 2: Do companies agree on the problem mentioned in scenario 2? If yes, can existing solution solve the problem?
	Company 
	Do companies agree on the problem mentioned in scenario 2? If yes, can existing solution solve the problem?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	
	See mobility issue 1.

	CMCC
	No
	In CMCC LTE network, if IMS voice is not supported in the targeted tracking area, then such kind of intra-LTE handover will not be initiated by the source eNB. Instead, a SRVCC will happen given that the 2G/3G network is well deployed there.

	Ericsson
	No
	Please see our comment for issue 1.

	Kyocera
	No
	We agree with CMCC.

	Qualcomm Incorporated
	No
	The description of the scenario itself is not a problem. Of course the network will have to make sure the UE is handed over to a cell where Voice is supported.

	ZTE
	No
	We agree with CMCC.

	Nokia Networks
	No
	See: Mobility issue 1

	Intel
	Yes
	This is an issue we observed in the field, therefore we think it cannot be considered as a rare case. However, we agree that the issue can be avoided by proper network deployment and configuration.


9 companies provided view, 3 companies agree that the issue may exist; 6 companies do not see the problem. We suggest to go for the majority’s opinion, and do not discuss this issue in RAN2. 

Proposal 6: do not optimize the scenario as below:
· Intra-LTE handover when the UE moves from a tracking area with IMS voice support to a tracking area without IMS voice support.
.
In addition, one similar scenario was raised in the last RAN2 meeting:

Scenario 3:
F1 is used as coverage layer, and supports VoLTE;

F2 is used as throughput layer, and does not support VoLTE;
The UE has an ongoing VoLTE call in cell 1 of F1, and suffers RLF. 

Step 1: Upon reestablishment procedure, the UE may select cell 2 of F2 and try to do reestablishment. 

Step 2: The cell 2 eNB will likely reject the UE due to no context found since the cell 1 eNB should not prepare the non-VoLTE capable cell for VoLTE.  

Step 3: The UE will do NAS recovery, may access the cell 2 in F2 again. The cell 2 will finally realize that the UE is doing MO VoLTE based on MO cause value, or upon the setup of QCI 1 bearer. The Cell 2 will move this UE to the cell in F1.

The interruption time will be increased, and call setup delay is increased. This will impact the user experience severely.  

NOTE: Even if in step 2 luckily the cell 2 eNB accepts the UE, the cell 2 eNB will realize that it is VoLTE based on QCI 1 bearer later, and has to move the UE to F1. The interruption time will also be increased.
Mobility-Issue 3: Do companies agree on the problem mentioned in scenario 3? If yes, can existing solution solve the problem?
	Company 
	Do companies agree the problem mentioned in scenario 3? If yes, can existing solution solve the problem?

	
	Yes or no
	Remark

	Huawei, HiSilicon
	yes
	The interruption time or call setup delay will be increased. Existing solution cannot work.

	CMCC
	No
	In CMCC LTE network, the scenario mentioned is avoided by the deployment strategy, i.e. all the cells operating in both F1 and F2 are VoLTE capable if that coverage area is expected to support VoLTE.

	Ericsson
	Maybe
	We think further discussion is required to understand the problem better for this scenario. We need to find out how common such “throughput layers” for which VoLTE service is not supported, exists and whether this is up to operator’s deployment strategy.

	Kyocera
	No Yes
	We also think it is strange to have deployments whereby F2 would not support VoLTE esp. if RLF in F1 is likely. 
Although this type of scenario should be avoided if possible, we do believe certain regions (e.g., Japan) may have limitation whereby VoLTE isn't allowed in certain band(s), so it's worth considering a solution for this scenario.

	Qualcomm Incorporated
	No
	I agree with the problem under such network deployment scenario. We should however be careful in trying to optimize for those very specific deployments.

	SoftBank
	Yes
	Just to echo the comment from Kyocera, we would like to point out that this scenario might happen in Japan because a specific band is not allowed to offer VoLTE service by the current Japanese regulation. Hence, deployment strategy may not solve the potential problems. 

	ZTE
	No
	We would like to know how common the case could be as the problem is related only to the RLF and in a very specific deployment.

	Nokia Networks
	Maybe – but likely the existing solutions might solve the problem
	In Rel-13, specifically for RLF with QCI=1, we introduced the UE indication to the NW to notify the connection failure happened for VoLTE. NW optimization and appropriate adjustments are assumed based on the indication, not in an immediate manner though. 

But it is not clear why UE would, upon experiencing RLF in coverage layer, re-establish in the throughput layer which would tend to have worse signal quality than the coverage layer. More details on the scenario would be needed to properly assess the problem.

	Intel
	Maybe
	We share the comment from Ericsson.


10 companies provided view, 4 companies agree that the scenario exist; 3 companies would like to understand whether it is the real problem. 3 companies do not think it is the valid scenario. 

There is not clearly consensus, further discussion is needed.

Proposal 7: Further discussion is needed on whether any problem exists for the case that not all layers support VoLTE in one network. 
3 Summary
In this email we discuss potential issues and scenarios for VoLTE from signaling perspective. Based on the input from companies, we have following observations and proposals:
Observation 1: Suitable network implementation can handle the access of MT VoLTE call well.

Observation 2:  it is beneficial to prioritize the MO/MT Video access for some deployments;
Proposal 1: Capture the requirement on “prioritize the MO/MT Video access” in the TR;
Proposal 2: introduce a “new cause value for Video call”, the details should be further discussed in RAN2.
Proposal 3: Further discussion is needed on whether SIP signalling for VoLTE should be prioritized from other SIP signalling. 

Proposal 4: Further discussion is needed on whether SR/BSR for SIP signalling of VoLTE should be prioritized. 
Proposal 5: do not optimize the scenario as below:
· Inter-RAT change from LTE to 2G or 3G by redirection or PS HO when an IMS voice call for the terminating UE is under establishment or established and the terminating UE moves to an area of the other RAT where IMS voice is not supported. Then the IMS voice call will drop if SRVCC cannot be triggered in that non-LTE RAT.
Proposal 6: do not optimize the scenario as below:
· Intra-LTE handover when the UE moves from a tracking area with IMS voice support to a tracking area without IMS voice support.
Proposal 7: Further discussion is needed on whether any problem exists for the case that not all layers support VoLTE in one network. 
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