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Introduction
At RAN#73, a work item on Voice and Video enhancements for LTE has been approved [1]. The objectives of this work item are to specify the following features based on the outputs of the study item report [2]:
1. The codec mode/rate selection and adaptation solution details specification (RAN2)
1. VoLTE/ViLTE signalling optimization
1. VoLTE quality/coverage enhancements
With respect to the quality/coverage enhancements, one detailed objective is
0. Specify, if useful, the mechanism to enable the air interface delay budget relaxation, by e.g. the eNB awareness of available delay in air interface budget (RAN2)
In this contribution we discuss the potential interaction between the UE and the eNB with respect to the air interface delay budget.
[bookmark: _Ref178064866]Discussion
As outlined in [3], a VoLTE client may derive the round-trip delay of the RTP packets based on the RTCP reports. Since the contribution from the speech processing delay and the jitter buffer delay [4] to the transmission delay is not visible at the RTP level, the RTP round-trip delay does not exactly match the mouth-to-ear delay but it will give an indication of the transmission delay as perceived by the end-user.
As discussed in [4], depending on the physical location of the two parties the end-to-end delay may be in excess of the 200 ms for which the delay starts to significantly impact the quality of experience (QoE) of a voice call. Thus, in a situation with a long delay it may be beneficial for the QoE if the air interface delay, if possible, is reduced compared to the established QCI packet delay budget. One scenario with how air interface delay may be reduced is observed in [5]. A DRX cycle setting of 40ms causes a longer air interface delay and end-to-end delay compared to a shorter DRX cycle or no DRX.
An overview of the impact of the RAN air interface delay to the conversational quality of VoLTE is presented in [4]. A conclusion from [4] is that in a situation where RAN has either of the two options (A) of extending the packet delay and keeping the packet loss at a low level or (B) of keeping the delay and delay variations within a pre-defined level and introducing extra packet loss, it is always preferred to allow for an increased delay and keeping the loss rate low.
[image: ]
Figure 1: One-way transmission delay vs packet loss for different RAN operation.
There may however be situations where the end-to-end delay is below the service requirements and in such a situation it may be beneficial for the overall system performance if the packet delay budget is relaxed. 
It is proposed in [5] to allow for a possibly reduced end-to-end delay by introducing a mechanism for the eNB to be made aware that the QoE may benefit from a delay in the air interface that is below the current QCI setting. Based on the discussion above, it is considered that with such a mechanism it should also be possible to relax the delay budget requirement.
Figure 2 describes a use case how the UE and eNB may interact to adjust the RAN delay based on call specific RTP packet round-trip delay and conditions at the local air interface.
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[bookmark: _Ref465674205]Figure 2: Use case for call specific RAN delay.
Step 0: On-going call with RTP media flow including RTCP.
Step 1 A/B: The UE-1 and UE-2 measures RTP packet round-trip delay.
Step 2 A/B: If RTP packet round-trip delay is above threshold either or both of UE-1 and UE-2 may send an air interface delay message to their respective eNB to convey information that the currently established packet delay budget for the local RAN if possibly should be modified
Step 3 A/B: The eNB-1 and eNB-2 evaluates the local link conditions and user policies to decide if the packet treatment on the local RAN may be modified according to the respective message from UE-1 and UE-2. 
Step 4: Depending on the action from the respective eNB, the round trip delay of the RTP media flow may be adjusted based on the information provided by the UEs. 
The scheme above does not require that the UE is aware of the channel conditions for the remote UE, but the information exchange from the respective UE to the eNB is triggered based on the measured RTP round-trip delay.
Protocol used for UE to eNB information exchange on packet delay budget recommendation
The information provided from the UE to the eNB in Step 2 above is proposed to be provided via a MAC CE with information as described in Figure 3.




[bookmark: _Ref465867285]Figure 3: Example of MAC CE for UE to eNB packet delay budget information message.

The table index is proposed as a scaling factor to be applied to the packet delay budget of the established QCI, as outlined in Table 1. The reference for the scaling factor may be known to UE from the standardized QCI 1 characteristics in [6] or explicitly configured by the application layer.

[bookmark: _Ref465867384]Table 1: Example of tabulated QCI packet delay budget scaling factor
	Table index
	QCI packet delay budget scaling factor

	0
	0.25

	1
	0.5

	2
	0.75

	3
	1.0

	4
	1.25

	5
	1.5

	6
	1.75

	7
	Reserved



As an example, if the UE measures a delay of 40 ms in excess of the service requirements of the round-trip delay target and the packet delay budget of the established QCI is 80 ms (QCI1), it may signal the value 0.5 to the eNB. The respective eNB may then use this information to decide on possibly modifying the packet treatment accordingly.
Similarly, if the UE measures a delay of 40 ms below the service requirements of the round-trip delay and the packet delay budget of the established QCI is 80 ms (QCI1), it may signal the value 1.5 to the eNB. 

[bookmark: _Toc465445115][bookmark: _Toc465773367][bookmark: _Toc465845739][bookmark: _Toc465976670][bookmark: _Toc465976864][bookmark: _Toc465976930]Introduce MAC signaling for UE to eNB information exchange on delay budget recommendation as described above.

Conclusion
In this contribution we discuss the potential interaction between the UE and the eNB with respect to the air interface delay budget.
Based on the discussion in section 2 we propose the following:

Proposal 1	Introduce MAC signaling for UE to eNB information exchange on delay budget recommendation as described above.
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