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Introduction
In RAN2#94 meeting, the following agreements regarding the VoLTE/video quality related enhancements were agreed [1]:
· [bookmark: _Toc450831080][bookmark: _Toc450831408][bookmark: _Toc450910413][bookmark: _Toc450941379][bookmark: _Toc450947063]=> Focus the study of VoLTE/video quality related enhancements on the techniques introduced by the eMTC work item.
· [bookmark: _Toc450831081][bookmark: _Toc450831409][bookmark: _Toc450910414][bookmark: _Toc450941380][bookmark: _Toc450947064]=> Focus the study of VoLTE/video quality related enhancements on the techniques available in CE mode A (with/without SPS) for Cat-M1 and other UE categories.

As a consequence, a LS [3] with recommended evaluation assumptions provided in Table 1 [2] was agreed to be provided to RAN1 for further evaluation. 
However, these agreements and progress has not been captured into the TR [4] and hence we try to make it in this contribution. 
Discussion
Capture agreements
As mentioned above, the following agreements should be captured properly [1]:
· => Focus the study of VoLTE/video quality related enhancements on the techniques introduced by the eMTC work item.
· => Focus the study of VoLTE/video quality related enhancements on the techniques available in CE mode A (with/without SPS) for Cat-M1 and other UE categories.

Especially, in [3], it was further indicated that 3GPP should investigate the trade-off between packet delay budget and achievable coverage to assess the benefits of VoLTE/video quality related enhancements.
In RAN2#94 in Nanjing, a LS [2] was sent to RAN1, asking RAN1 to investigate and evaluate the candidate solutions within the scope of “extending packet delay budget” and “techniques introduced by eMTC” for VoLTE. In RAN1#86, a couple of contributions evaluated these candidate solutions, and were discussed in RAN1#86:
Solution 1: Relaxing delay budget
Contributions [5][6][7][8][9] all evaluated the packet delay budget relaxing, and remarkable coverage gain were observed, with the e2e delay still within the tolerable limit.
Solution 2: Packet aggregation
Contributions [5][9] evaluated the packet aggregation. Both two options for packet aggregation, RAN aggregation of RTP packets composed of one speech frame and application encapsulation of several speech frames into one RTP packet. In this way, the signaling overhead can be reduced. And VoLTE coverage gain was observed with this mechanism.
Solution 3: Techniques from CE mode A 
Contributions [5][6][8] evaluated the technologies from CE mode A. A couple of solutions from CE mode A e.g. asynchronous UL HARQ transmission, different repetition levels, and multi-subframe frequency hopping technique etc were evaluated. The results show eMTC framework may give significant improvements to the VoLTE coverage.

Capture evaluations
RAN1 has finished the evaluation based on RAN2 recommendation [3] and other criteria. After the investigation and evaluation in RAN1#86, the response R1-168256 to LS R2-164566 was approved, in which RAN1 concluded the candidate solutions above were beneficial for VoLTE coverage enhancement as follows: 
1. VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. As an example, if the delay budget is extended to 100ms, about 1~3dB coverage gain can be achieved compared with 50ms delay budget for full duplex UEs. Extending maximum packet transmission time beyond 100ms can further improve the coverage. Techniques that can be used to extend the coverage if the air interface delay budget is relaxed are asynchronous UL HARQ transmission and different repetition levels in combination with RTP packet bundling.
a) Note that the performance can be significantly impacted by the assumption of header compression.
2. The multi-subframe frequency hopping technique that was specified in CE mode A, which enables cross-subframe channel estimation, can be used to enhance the VoLTE coverage effectively.
3. The coverage for half-duplex FDD UEs is less than the coverage for full-duplex UEs. In order to maximize the VoLTE coverage that can be achieved in half-duplex FDD, opportunities to optimize the UL/DL resource utilization have been identified e.g. through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delay.
From the TR point of view, it would be useful to also record the recommended evaluation assumptions and analysis. In light of this consideration, we propose to capture the recommended evaluation assumptions and conclusions.
Conclusions
In this paper, we summarized the agreements and progress, and accordingly propose to capture them in the TR.
A Text Proposal is provided below.
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------------------------------------------------------------Text Proposals---------------------------------------------------------------
[bookmark: _Toc449471264][bookmark: _Toc450913311][bookmark: _Toc450913904][bookmark: _Toc450915759][bookmark: _Toc450915838][bookmark: _Toc450916035][bookmark: _Toc450916077][bookmark: _Toc450916181][bookmark: _Toc450916234][bookmark: _Toc450916381][bookmark: _Toc452101920]7	VoLTE/video enhancements to improve quality
[bookmark: _Toc449471265][bookmark: _Toc450913312][bookmark: _Toc450913905][bookmark: _Toc450915760][bookmark: _Toc450915839][bookmark: _Toc450916036][bookmark: _Toc450916078][bookmark: _Toc450916182][bookmark: _Toc450916235][bookmark: _Toc450916382][bookmark: _Toc452101921]7.1	Identified problems of existing mechanisms
In order to improve VoLTE end user experience, HD voice which requires high codec rates is widely deployed. However voice quality strongly relies on the radio transmission reliability, which may be critical in certain environments, such as indoor situations. 3GPP previously enhanced coverage specifically for 328bits MAC PDUs of AMR12.2kbps and did not consider EVS, and with the introduction of new features in Rel-13 eMTC WI, more potential coverage enhancement is possible to be reused by VoLTE UEs. Therefore it turns to be useful to study possible improvements in the coverage enhancements area.

[bookmark: _Toc449471266][bookmark: _Toc450913313][bookmark: _Toc450913906][bookmark: _Toc450915761][bookmark: _Toc450915840][bookmark: _Toc450916037][bookmark: _Toc450916079][bookmark: _Toc450916183][bookmark: _Toc450916236][bookmark: _Toc450916383][bookmark: _Toc452101922]7.2	Potential solutionsDesign Principles
During the study, following design principles should be considered when developing the candidate solutions:
· Focus the study of VoLTE/video quality related enhancements on the techniques introduced by the eMTC work item.
· Focus the study of VoLTE/video quality related enhancements on the techniques available in CE mode A (with/without SPS) for Cat-M1 and other UE categories.
· The study should investigate the trade-off between packet delay budget and achievable coverage to assess the benefits of VoLTE/video quality related enhancements. 

[bookmark: _Toc455661625]7.3	Candidate solutions
Editor’s note: This section is intended to capture the candidate solutions driven by the contributions and agreed by the meetings.
In RAN2#94 in Nanjing, a LS [2] was sent to RAN1, asking RAN1 to investigate and evaluate the candidate solutions within the scope of “extending packet delay budget” and “techniques introduced by eMTC” for VoLTE. In RAN1#86, a couple of contributions evaluated these candidate solutions, and were discussed in RAN1#86:
7.3.1 Relaxing delay budget
Contributions [5][6][7][8][9] all evaluated the packet delay budget relaxing, and remarkable coverage gain were observed, with the e2e delay still within the tolerable limit.
7.3.2 Packet aggregation
Contributions [5][9] evaluated the packet aggregation. Both two options for packet aggregation, RAN aggregation of RTP packets composed of one speech frame and application encapsulation of several speech frames into one RTP packet. In this way, the signaling overhead can be reduced. And VoLTE coverage gain was observed with this mechanism.
7.3.3 Techniques from CE mode A 
Contributions [5][6][8] evaluated the technologies from CE mode A. A couple of solutions from CE mode A e.g. asynchronous UL HARQ transmission, different repetition levels, and multi-subframe frequency hopping technique etc were evaluated. The results show eMTC framework may give significant improvements to the VoLTE coverage.

[bookmark: _Toc449471267][bookmark: _Toc450913314][bookmark: _Toc450913907][bookmark: _Toc450915762][bookmark: _Toc450915841][bookmark: _Toc450916038][bookmark: _Toc450916080][bookmark: _Toc450916184][bookmark: _Toc450916237][bookmark: _Toc450916384][bookmark: _Toc452101923]7.34	Evaluations and Conclusions
As stated in [3] for the recommended evaluation assumptions, the EVS 7.2 kbps is used as the baseline speech codec for evaluation and evaluate the effect of handling up to four speech frames in one transmission. Besides, in order to evaluate possible coverage enhancements benefits, both RAN aggregates up to four RTP packets with one speech frame encapsulated in one RTP packet and the application encapsulating up to four packets in one RTP packet are considered. Furthermore, full ROHC header compression is assumed, and BSR and PHR in each transmission. The resulting required transport block size including PDCP, RLC, and MAC headers for the different packet bundling strategies is presented in Table 1.

[bookmark: _Ref450829258]Table 1: Recommended evaluation assumptions for VoLTE quality related enhancements
	Codec
	RAN aggregation (Note 1)
	Application encapsulation (Note 2)
	Payload (Note 3)
	RTP header (ROHC)
	PDCP
	RLC
	MAC
	BSR
	PHR
	Inter tx time (ms)
	Total (bytes)
	TBS (bits) (Note 4)

	EVS 7.2kbps
	1
	1
	18
	3
	2
	2
	1
	4
	2
	20
	32
	256

	EVS 7.2kbps
	2
	1
	18*2
	3*2
	2*2
	4
	1
	4
	2
	40
	57
	456

	EVS 7.2kbps
	3
	1
	18*3
	3*3
	2*3
	5
	1
	4
	2
	60
	81
	648

	EVS 7.2kbps
	4
	1
	18*4
	3*4
	2*4
	7
	1
	4
	2
	80
	106
	848

	EVS 7.2kbps
	1
	2
	19*2
	3
	2
	2
	1
	4
	2
	40
	52
	416

	EVS 7.2kbps
	1
	3
	19*3
	3
	2
	2
	1
	4
	2
	60
	71
	568

	EVS 7.2kbps
	1
	4
	19*4
	3
	2
	2
	1
	4
	2
	80
	90
	720



Note 1:	RAN aggregation of RTP packets each composed of one speech frame
Note 2:	Application encapsulation of speech frames in one RTP packet may require updates to the VoLTE service description [6]
Note 3:	For Payload, Compact Format is used for RAN aggregation and Header-Full Format is used for Application encapsulation as described in Annex A of TS 26.445
Note 4:	Some of the TBS values do not match the valid TBS values in Table 7.1.7.2.1-1 in 36.213. It is assumed that lower layers will choose a suitable TBS value, equal to or greater than the values in this column.

Typically a rather tight packet delay budget is assumed for conversational services. While this is often required, there are also scenarios where a more relaxed packet delay budget can be considered acceptable (perhaps allowing for one-way delays of several hundred ms instead of 50-100 ms) if this means that the service can be provided with a larger coverage. Accordingly, the study investigates the possible trade-off between packet delay budget and achievable coverage to provide a better understanding of this aspect.

After the investigation and evaluation in RAN1#86, the response R1-168256 to LS R2-164566 was approved, in which RAN1 concluded the candidate solutions above were beneficial for VoLTE coverage enhancement as follows: 
1. VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. As an example, if the delay budget is extended to 100ms, about 1~3dB coverage gain can be achieved compared with 50ms delay budget for full duplex UEs. Extending maximum packet transmission time beyond 100ms can further improve the coverage. Techniques that can be used to extend the coverage if the air interface delay budget is relaxed are asynchronous UL HARQ transmission and different repetition levels in combination with RTP packet bundling.
a) Note that the performance can be significantly impacted by the assumption of header compression.
2. The multi-subframe frequency hopping technique that was specified in CE mode A, which enables cross-subframe channel estimation, can be used to enhance the VoLTE coverage effectively.
3. The coverage for half-duplex FDD UEs is less than the coverage for full-duplex UEs. In order to maximize the VoLTE coverage that can be achieved in half-duplex FDD, opportunities to optimize the UL/DL resource utilization have been identified e.g. through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delay.
Note more details including the necessary information exchange and configuration between the UE and eNB on the Uu interface to enable the above solution need further work in the work item phase.

[bookmark: _Toc449471268][bookmark: _Toc450913315][bookmark: _Toc450913908][bookmark: _Toc450915763][bookmark: _Toc450915842][bookmark: _Toc450916039][bookmark: _Toc450916081][bookmark: _Toc450916185][bookmark: _Toc450916238][bookmark: _Toc450916385][bookmark: _Toc458763523]8	Conclusions and Recommendations
Regarding the VoLTE/video enhancements to improve quality, the study concluded as follows:
1. VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. Techniques that can be used to extend the coverage if the air interface delay budget is relaxed are asynchronous UL HARQ transmission and different repetition levels in combination with RTP packet bundling.
2. The multi-subframe frequency hopping technique that was specified in CE mode A, which enables cross-subframe channel estimation, can be used to enhance the VoLTE coverage effectively.
3. The coverage for half-duplex FDD UEs is less than the coverage for full-duplex UEs. In order to maximize the VoLTE coverage that can be achieved in half-duplex FDD, opportunities to optimize the UL/DL resource utilization have been identified e.g. through techniques to reduce DL repetitions, new repetition factors, and adjusted scheduling delay.
Therefore, the detailed solutions are recommended to be further developed in a work item.


