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1 Introduction

In this document, we discuss a VoLTE optimization for the UE to selectively report an indication of CDRX deactivation for a VoLTE call. 
2 Motivations 
Motivation 1: VoLTE Coverage Enhancement
As per current specifications, the eNB can set the C-DRX length based on the UE-eNB local link information. On the other hand, the UE VoLTE application layer is in a good position to know the explicit information about the ongoing VoLTE end-to-end (mouth-to-ear) performance, which is analyzed in detail below. 
Exact Mouth-to-Ear VoLTE delay and loss rate are known to the UE VoLTE App
The DL VoLTE RTP packets do not arrive in order because it is based on RLC UM. In order to play out the audio smoothly, the UE VoLTE application layer has to buffer the DL audio frames so that it can reorder the packets before playing them out to the user, which is illustrated in Table 2 below. This creates additional App layer reordering delay on top of the RTP layer delay, which is mainly known to the UE VoLTE App. 

Observation 1: UE buffers and reorders the audio frames before playing out, which creates extra reordering delay at the receiver side UE VoLTE App layer, hence the UE is in a good position to know the VoLTE end-to-end (mouth-to-ear) delay.
The VoLTE App layer reordering share some similarity with the LTE RLC reordering. The LTE RLC reordering time is bounded by a reordering timer, hence late packets are discarded if they arrive after the reordering timer expiry. Similarly, the UE VoLTE Application has to drop the VoLTE packets that arrive later than the reordering time. For example, if 0.1% VoLTE packets experience longer delay than the rest 99.9% packets, directly playing out the 99.9% received audio frames may give better user experience than waiting for the 0.1% of unreceived audio frames. In this case, the UE VoLTE application has to drop these 0.1% of VoLTE packets if they arrive later than the playout timeline. This 0.1% extra audio frame loss is not captured by the RTP level packet loss metric, which is illustrated in Table 2 below. 
In practice, the VoLTE Application layer’s maximum reordering time value is usually determined by individual UE vendors. So different UE VoLTE Applications may implement different maximum reordering time values.    

Observation 2: UE VoLTE application may discard some received VoLTE frames that exceed the maximum VoLTE Application reordering time, which creates extra audio frame loss at the UE, hence the UE is in a good position to know the end-to-end (mouth-to-ear) audio frame loss rate.
Table 2: Illustration of VoLTE packet flow and how receiver UE obtains delay and loss rate metrics.
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Use Case 1 for UE Indication of C-DRX Deactivation 
The Use Case 1 is below.
1. The initial network setting for the use case 1 is shown in Figure 1 below.

a. UE1 (near cell) is communicating with UE2 (cell edge) in VoLTE.

b. UE1 is configured with 40ms CDRX cycle, since eNB knows the CQI is good.

c. UE2 is not configured with CDRX due to bad CQI.
2. Existing situation using current spec: At UE1’s VoLTE application layer, the UE1 will discard received audio packets with delay longer than the maximum VoLTE Application reordering time, hence UE2’s 2nd or 3rd HARQ retransmissions may be useless because they may be discarded because of excessive delay. 
3. Our proposal: UE1 VoLTE Application detects excessive e2e delay or high packet discarding rate, which triggers the UE1 to suggest to the eNB “no CDRX” to improve the call quality. If eNB removes UE1’s 40ms CDRX configuration, the e2e delay can be shortened by 20ms on average. The 20ms reduction can accommodate at least 2 HARQ retransmissions (2*8ms=16ms), so UE2’s 2nd and 3rd HARQ reTx become less likely to be discarded. Hence, the proposal gives UE2 more opportunity to do HARQ retransmissions, which enhances VoLTE coverage.
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Figure 1. Initial network setting for the use case 1
Motivation 2: VoLTE Quality Enhancement

In some cases, the UE really wants to sacrifice power consumption to get better VoLTE quality. 
Use Case 2a: When the UE is making international calls (MO or MT), the end-to-end delay is usually very long due to long backhaul delay. In this case, the UE can suggest the eNB to deactivate CDRX in international VoLTE calls to reduce the VoLTE end-to-end delay. Based on the country code in the phone number of the other UE, the concerned UE knows it is in an international VoLTE call. When the UE is roaming in a foreign country, it can also know whether it is making international calls.  
Use Case 2b: Some UEs are connected to power supply, e.g., police UEs docked in police cars and the UE is fully charged. In this case, the UE can suggest the eNB to deactivate CDRX in VoLTE calls to reduce the VoLTE end-to-end delay. 
3 Conclusion 

Based on the observations 1-2 and use cases 1, 2a, 2b, UE indication to the eNB to deactivate CDRX can improve VoLTE coverage and quality. 
4 Proposal

The following text be inserted into clause 7 of 3GPP TR 36.750 v0.2.0, with reference to the present document.

	7
VoLTE/video enhancements to improve quality
7.1
Identified problems of existing mechanisms
The problem of poor uplink quality at cell edge has been observed in commercial LTE networks. 
In practice, VoLTE is based on the RLC UM which does not gurantee in-order delivery. So the UE VoLTE Application layer usually buffers and reorders the audio frames before playing out, which creates extra reordering delay at the receiver side UE VoLTE App layer. Hence the UE VoLTE Application is in a good position to know the VoLTE end-to-end (mouth-to-ear) delay. 

UE VoLTE application may have to discard some received VoLTE frames that exceed the maximum VoLTE Application reordering time, which creates extra audio frame loss at the UE, hence the UE is in a good position to know the end-to-end (mouth-to-ear) audio frame discarding/loss rate.
Although the UE is usually configured with a big number of maximum UL HARQ retransmissions in practice, the VoLTE packets that experienced HARQ retransmissions will have a long delay, hence they are likely to be discarded by the receiver side UE’s VoLTE application layer. This effectively reduces the number of useful UL HARQ retransmissions, therefore reducing the VoLTE coverage range and degrades VoLTE quality. This is why field tests showed that VoLTE coverage can be smaller than data coverage in the same LTE network.
The detailed Use Case 1 below explains the current issues.

1. The initial network setting for the use case 1 is shown in Figure 1 below.

a. UE1 (near cell) is communicating with UE2 (cell edge) in VoLTE.

b. UE1 is configured with 40ms CDRX cycle, since eNB knows the CQI is good.

c. UE2 is not configured with CDRX due to bad CQI.
2. Existing situation using current spec: At UE1’s VoLTE application layer, the UE1 will discard received audio packets with delay longer than the maximum VoLTE Application reordering time, hence UE2’s 2nd or 3rd HARQ retransmissions may be useless because they may be discarded because of excessive delay. 
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Figure 1. Initial network setting for the use case 1

In some cases, the UE really wants to sacrifice power consumption to get better VoLTE quality, but current the eNB will still configure CDRX for such UEs if the radio quality is good. The use cases are below. 
Use Case 2a: When the UE is making international calls (MO or MT).

Use Case 2b: When UE is connected to power supply, e.g., police UEs docked in police cars and the UE is fully charged.
7.2
Potential solutions
If the UE detects excessive end-to-end delay or high packet loss/discarding rate, the UE may suggest to the eNB “no CDRX” to improve the call quality. It is up to the eNB to decide whether to change the CDRX configuration or not. For example, in Use Case 1 above, when the UE1’s VoLTE Application detects excessive e2e delay or high packet discarding rate, it triggers the UE1 to suggest to the eNB “no CDRX” to improve the call quality. If eNB removes UE1’s 40ms CDRX configuration, the e2e delay can be shortened by 20ms on average. The 20ms reduction can accommodate at least 2 HARQ retransmissions (2*8ms=16ms), so UE2’s 2nd and 3rd HARQ reTx become less likely to be discarded. Hence, the proposal gives UE2 more opportunity to do useful HARQ retransmissions, which enhances VoLTE coverage.
If the UE can identify itself in Use Cases 2a and 2b, the UE may also suggest to the eNB “no CDRX” to improve the call quality.
7.3
Evaluations and Conclusions
The UE is in a good position to know the end-to-end (mouth-to-ear) delay and audio frame loss rate. Based on such information, the receiver side UE may suggest the eNB to deactivate CDRX configuration for a VoLTE call. If receiver side CDRX is deconfigured, this effectively relaxes the end-to-end delay budget for retransmissions for the transmitter side UE. In another word, this allows the transmitter side UE to perform more useful UL retransmissions that are not discarded by the receiver UE. Therefore, the VoLTE coverage can be enhanced.
In some cases, the UE really wants to sacrifice power consumption to get better VoLTE quality. If the UE can identify itself in Use Cases 2a and 2b, the UE may also suggest to the eNB “no CDRX” to improve the call quality.
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