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Introduction
In [1], RAN1 indicated that VoLTE coverage can be effectively enhanced by relaxing the air interface delay budget. For example, the relaxed delay budget can be used to extend the maximum packet transmission time, which can further improve the coverage. 
In RAN#73, the WID on Voice and Video Enhancement for LTE has been approved in [2]. One objective is: 
a. 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 paper, we discuss the details on delay budget reporting.
Discussion
Currently, the QoS requirement on VoLTE was provided in [3], in which E2E delay requirement between communicating entities is divided into three grades. That is, E2E delay less than 150ms is preferred, and less than 400ms is acceptable, but larger than 400ms is unacceptable. 
Table 1 End-user Performance Expectations – Conversational/Real-time Service

	Medium
	Application
	Degree of symmetry
	Data rate
	Key performance parameters and target values

	
	
	
	
	End-to-end One-way

Delay
	Delay

Variation within a call
	Information loss

	Audio

	Conversational voice


	Two-way
	4-25 kb/s
	<150 msec

preferred

<400 msec limit Note 1
	< 1 msec 
	< 3% FER 

	Video


	Videophone
	Two-way
	32-384 kb/s
	< 150 msec preferred

<400 msec limit

Lip-synch : < 100 msec 
	
	< 1% FER 




NOTE 1: The overall one way delay in the mobile network (from UE to PLMN border) is approximately 100msec.
Observation 1: E2E delay has big impact on MOS, less than 400ms can be acceptable. 
In past meeting, different use cases on how to use delay budget were discussion. Here we give the analysis on all possible use cases. 
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	Quality of Air interface
	E2E delay
	eNB implementation
	Peer side impact

	good
	<= 400ms
	For power saving purpose, the eNB could configure longer DRX;

To help the peer side,  the eNB could reduce DRX cycle(if DRX is configured) or schedule the UE faster;


	Increase the DRX will increase the E2E delay, but MOS is acceptable if E2E delay <=400ms;
Reduce the DRX, will help the peer side for power saving or coverage enhancement purpose;

	
	> 400ms
	In order to reduce E2E delay and help the peer side,  the eNB should reduce DRX cycle(if DRX is configured) or schedule the UE faster;

	Quality can be increased;

	bad
	<= 400ms
	Increasing the number of retransmission in order to reduce the packet loss, which is benefit for coverage improve as described in [1]. 
	Quality can be increased;

	
	> 400ms
	No good solution, only HO can be used;
	-


Based on the above analysis, we can see that it is benefit for eNB to know the E2E delay in order to do appropriate handling. 
Proposal 1: It’s beneficial for eNB to know the E2E delay, i.e. if E2E delay is shorter than 400ms, 
· in case signal quality is good, the eNB can configure longer DRX for power saving purpose or the eNB can reduce DRX cycle (if DRX is configured) or schedule the UE faster in order to help the peer side;
· in case signal quality is bad, the eNB can increase the retransmission times in order to reduce the packet loss.
Increasing the delay budget (configure longer DRX or increase the retransmission time) may cause ping-pong issue as mentioned during the offline discussion.  But we think this issue can be solved by suitable implementation. 
For example, assuming the requirement of E2E delay is 400ms, and now the actual E2E delay is 200ms, that means additional 200ms delay can be used. To be safe, the eNB could just use half of the additional delay, i.e. 100ms.

If the peer eNB does the same way, then the maximum E2E delay will be achieved, but will not be exceeded, see the below figure.
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Proposal 2: appropriate eNB implementation can avoid ping-pong issue. 
In the current LTE mechanism, the eNB has no idea about the E2E delay budget. Due to the variation of network condition, the delay of each hop in the path may change; it is also quite difficult for the operator to configure the fixed delay budget by OAM. 
Observation 2: In the current mechanism, the eNB is unable to know what actual delay budget can be used in the radio interface.
Different from the eNB, the UE can know the accurate end-to-end delay, for instance by monitoring the received sender report (SR) RTCP packet or receiver report (RR) RTCP packet. Both SR and RR include the LSR and DLSR field. In this paper, we take the SR RTCP packet for example, as defined in [5] the SR RTCP packet format is shown as below: 
· LSR, the middle 32 bits out of 64 in the NTP timestamp received as part of the most recent RTCP SR packet from a certain SSRC.

· DLSR, the delay, expressed in unites of 1/65536 seconds, between receiving the last SR packet from the certain SSRC and sending this reception report block. 
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Figure 2 SR RTCP packet format
As shown in the following figure, the sender sends a SRi RTCP packet at the time LSR to the receiver. After a delay DLSR, the sender receives a SRj RTCP packet from the receiver at the time A. Therefore, the round-trip time can be calculated as below:

RTT= (time A-time LSR-DLSR)
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Based on the existing mechanism as above, the UE can get the actual E2E packet transmission delay as below:

E2E delay = (time A-time LSR-DLSR)/2. 
Observation 3: The UE can derive the actual E2E packet transmission delay based on SR/RR RTCP packet. 

Therefore the UE should report  the actual E2E delay to the eNB in order to help the eNB to, further reduce the power consumption of the UE or increase the voice quality.

Proposal 3: UE reports the actual E2E delay to the network. 
The value range of reported E2E delay can be 0~400ms. In order to help the eNB to know the E2E delay clearly, the finer granularity of the report is better. For example, based on the TTIB RTT in Rel-12, the granularity can be 12, i.e. the reported value can be {0, 12, 24, 36, 48…396}, so 6bit is used for E2E delay report. 
Proposal 4: In order to improve the coverage, the value range of reported E2E delay can be up to 400ms, with 12ms granularity. 
In order to avoid unnecessary reporting from the UE, the UE should only report E2E delay based on network request as below:
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Proposal 5: The UE reports E2E delay based on network request.  

In [6], RAN1 asked RAN2 to provide information on the relaxed delay budget in voice and video enhancement for LTE.
Based on [3], the maximum accepted E2E delay is 400ms, and the preferred E2E delay is 150. Therefore at least addition maximum 250ms could be used for air interface. 
Proposal 6: reply RAN1 LS on the relaxed delay budget as:

· The maximum accepted E2E delay is 400ms, and the preferred E2E delay is 150. Therefore at least addition maximum 250ms could be used for air interface.
Conclusion
In this paper, we discuss the details on the delay budget reporting. Based on the above analysis, we have following observations and proposals:

Observation 1: E2E delay has big impact on MOS, less than 400ms can be acceptable. 
Observation 2: In the current mechanism, the eNB is unable to know what actual delay budget can be used in the radio interface.
Observation 3: The UE can derive the actual E2E packet transmission delay based on SR/RR RTCP packet. 

Proposal 1: It’s beneficial for eNB to know the E2E delay, i.e. if E2E delay is shorter than 400ms, 

· in case signal quality is good, the eNB can configure longer DRX for power saving purpose or the eNB can reduce DRX cycle (if DRX is configured) or schedule the UE faster in order to help the peer side;
· in case signal quality is bad, the eNB can increase the retransmission times in order to reduce the packet loss.
Proposal 2: appropriate eNB implementation can avoid ping-pong issue. 
Proposal 3: UE reports the actual E2E delay to the network. 

Proposal 4: In order to improve the coverage, the value range of reported E2E delay can be up to 400ms, with 12ms granularity. 
Proposal 5: The UE reports E2E delay based on network request.  

Proposal 6: reply RAN1 LS on the relaxed delay budget as:

· The maximum accepted E2E delay is 400ms, and the preferred E2E delay is 150. Therefore at least addition maximum 250ms could be used for air interface.
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