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1. Introduction
This contribution discusses the impact of E2E delay and PLR on user experience using voice service.
2. Discussion
During April Kista meeting, Intel’s contribution S4-180349[1] provided the simulation results of E2E delay and quality enhancements with RAN delay budget reporting, and also proposed coordinated mode of delay budget reporting. This coordinated mode helps avoid inappropriate actions taken at the UE while the peer UE may not support or not be able to coordinate. The use case described in [1] is that the sending UE detects poor radio performance and notifies the receiving UE to provide additional delay budget. After receiving the request, the receiving UE turns off CDRX to enable additional delay budget. But there are some cases when the receiving UE may not be able to provide additional delay via turning off CDRX:
· The receiving UE need to keep CDRX on to save battery, and choose not to turn CDRX off.
· The receiving UE has already turned off CDRX on the sending UE’s request. For example, the sending UE has already asked for additional delay budget due to poor network performance, and the receiving UE’s CDRX is turned off accordingly. But the sending UE is experiencing continuous bad network performance, e.g. traversing through a channel or weak coverage, the sending UE needs extra delay budget.
It is proposed that in these cases jitter buffer in the receiving UE is extended longer to provide additional delay budget so that the sending UE could get more delay budget to conduct more retransmission or endure temporary interruption, so as to avoid packet loss. This proposal is based on the analysis of simulation results provided by [1] that user is more sensitive to PLR than E2E delay. Here some analysis of the results is provided.
2.1. Analysis of simulation results
2.1.1. E2E delay vs MOS
Referring to Table 1, there is the observation that with the same PLR and an E2E delay variation range of 76ms, change of MOS score is almost negligible, i.e. 0.17. 
[bookmark: _Ref512608368]Table 1 MOS change with E2E delay
	Mode#
	POLQA Score
	Mean End-to-End Delay (ms)
	Mean RTP-level Delay (ms)
	RTP-level Jitter (ms)
	RTP-level PLR (%)

	23
	3.99
	295
	181
	31
	0.9

	25
	3.89
	325
	195
	37
	0.9

	24
	3.89
	336
	225
	33
	0.9

	26
	3.82
	371
	236
	39
	0.9



2.1.2. PLR vs MOS
Referring to Table 2, the observation is that with a negligible variation of E2E delay, i.e. 6ms, and a PLR variation range of 5.6%, there is big change of MOS score, i.e. 0.86. 
[bookmark: _Ref515263815]Table 2 MOS change with PLR
	Mode#
	POLQA Score
	Mean End-to-End Delay (ms)
	Mean RTP-level Delay (ms)
	RTP-level Jitter (ms)
	RTP-level PLR (%)

	21
	4.06
	276
	172
	25
	1

	16
	4
	276
	171
	25
	1.1

	5
	3.95
	281
	193
	23
	1.2

	3
	3.2
	275
	191
	20
	6.6



2.2. Use case of jitter buffer adjustment
Signal strength may experience frequent fluctuation in wireless environment, sometimes the changes are unexpected, e.g. when a UE traverses a channel, there are also some changes that could be predicted ahead, e.g. when handover is pending referring to Figure 2.2‑1, or UE is under weak coverage and experiencing low RSRP/SINR. In the case of expected signal degradation, which translates into more PLR, the sending UE decides that packets may need more retransmissions to maintain a certain level of PLR. And in case of handover, there is expected interruption of data connection when UE disconnect with source cell and try to connect with target cell. And this will lead to longer E2E delay, and longer jitter observed by its peer UE. If this longer jitter exceeds jitter buffer setting in the peer UE, packets will be ditched. To deal with this problem, and take account of the analysis in clause 2.1, the following solution is proposed:
When sending UE determines that it needs more time budget for retransmission or is going to experience data connection interruption, it sends a request to its peer UE to ask for more delay budget by adjusting jitter buffer, indicating a certain amount of requested delay budget. The receiving UE may choose to adjust its jitter buffer considering the indication in the request and its own evaluation. This solution increases E2E delay for exchange of lower PLR for better user experience. And if the sending UE finds that network performance turns better, it could also notify the receiving UE to reduce the jitter buffer back. This mechanism enables flexible jitter buffer adjustment in response to the network performance.
[image: ]
[bookmark: _Ref514146502]Figure 2.2‑1 Use case of jitter buffer adjustment

3. Proposal
Jitter buffer adjustment is proposed to be one option to provide delay budget. The revision to TR26.910 is documented in the accompanying contribution S4-180724.
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