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Discussion 

1 Introduction

In this document, we discuss a VoLTE optimization for the UE to report preferred CDRX cycle. 
In practice, a UE 1 in good channel condition may experience excessive end-to-end Volte delay due to bad channel condition in the far-end UE 2, not due to the concerned UE 1’s C-DRX setting or channel conditions. In this case, we propose that the UE 1 can report preferred C-DRX cycle with shorter C-DRX cycles or “No C-DRX” to the eNB, hence reducing the e2e VoLTE delay. When UE 1 is playing out the audio packets from UE 2, it usually discards packets that have e2e delay longer than a threshold. If a packet experiences more HARQ retransmissions, it has longer e2e delay and is more likely to be discarded. Hence, our proposal gives UE 2 an opportunity to perform more HARQ retransmissions, therefore enhancing VoLTE coverage and quality. 
2 Motivations for UE Preferred C-DRX Cycle Reporting
Motivation 1: VoLTE Coverage and Quality Enhancement
As per current specifications, the eNB can set the C-DRX length based on the UE-eNB local link information. The eNB may not have the end-to-end VoLTE performance information in setting the UE’s C-DRX configuration. 
On the other hand, the UE has explicit information about the ongoing VoLTE end-to-end (mouth-to-ear) performance, which is analyzed in detail below. 
Accurate end-to-end VoLTE delay and loss rate are only known to the UE
As we know, the DL VoLTE RTP packets do not arrive evenly due to the nature of packet switching. In order to play out the audio smoothly, the UE VoLTE application layer has to buffer the DL audio frames from the VoLTE packets before playing them out to the user, which is illustrated in Table 2 below. This creates additional delay on top of the RTP delay, which is only known to the UE. 

Observation 1: UE buffers the audio frames in order to play them out smoothly, which creates extra delay at the UE, hence the VoLTE end-to-end (mouth-to-ear) delay is only known at the UE.
In addition, the UE VoLTE application has to drop the VoLTE packets that arrive later than the playout timeline. 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. 
Observation 2: UE VoLTE application may discard some received VoLTE frames that exceed the playout timeline, which creates extra audio frame loss at the UE, hence the VoLTE end-to-end (mouth-to-ear) audio frame loss rate is only known at the UE.
Table 2: Illustration of VoLTE packet flow and how receiver UE obtains delay and loss rate metrics.
	Concerned UE 1:
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	Far-end eNB 2
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	Audio frame generation

	RTP/RTCP 

(RTCP provides jitter and packet loss rate, and derives round-trip delay)
	
	
	
	RTP/RTCP 
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PDCP/ RLC/MAC/PHY
	
	LTE RAN:

PDCP/ RLC/MAC/PHY
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Proposed UE C-DRX cycle reporting
When the UE is in cell edge, the uplink packets may have to go through multiple HARQ retransmissions. The more retransmission an audio packet goes through, the more e2e delay it will experience. The eNB may configure the UE with a big number of allowed UL HARQ retransmissions, however, based on Observation 2, the audio packets with many retransmissions are likely to exceed the discarding delay threshold at the receiver UE, so they may be discarded due to excessive e2e delay.

Observation 3: the audio packets with many retransmissions are likely to exceed the discarding delay threshold at the receiver UE, so they may be discarded due to excessive e2e delay.

Note that Observation 3 is consistent with the finding in some field tests that VoLTE coverage may be smaller than best-effort data coverage area. This is because best-effort packets have no tight delay constraint, so they can go through many HARQ retransmissions without being discarded; whereas VoLTE data may not. 

Based on the Observations 1-3. We propose that the UE can provide assistance information to the eNB about its preferred C-DRX length, in order to improve VoLTE coverage. The example below explains the underlying reasons. 
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Figure 1. Example 1 showing the proposal enhances VoLTE coverage
Example 1 (topology is shown in Figure 1):

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

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

3. UE2 is not configured with CDRX due to bad CQI.

4. At UE1’s VoLTE application layer, the UE1 will discard received audio packets with delay longer than a threshold 1, hence UE2’s 2nd or 3rd HARQ retransmissions may be useless because they may be discarded because of excessive delay. 

5. Our proposal: UE1 detects excessive e2e delay or high PER, which triggers the UE1 to report “no CDRX” to improve the call quality. If eNB removes UE1’s CDRX configuration, UE2’s 2nd and 3rd HARQ reTx are likely to be not discarded because the e2e delay is shortened by 20ms on average.

Hence, the proposal above gives UE2 more opportunity to do HARQ retransmissions, which enhances VoLTE coverage.
Motivation 2: Public Safety Use Case

As per current specifications, the selection of C-DRX length is dictated by eNB without the possibility for UE to indicate its preferred setting based on the applications running. Although a per QCI C-DRX length can be achieved by configuring different C-DRX parameter settings for different QCIs and eNB chooses one based on the primary QCI UE is currently running, the setting is not optimized in case multiple service data flows of different C-DRX length demands are mapped to the same QCI. Figure 1 illustrates a mapping example between service data flows and QCIs in public safety. Based on current specifications, up to 3 GBR bearers using RLC-UM mode for real-time applications are allowed. Because of the duty of a public safety user, such as a police officer, it requires multiple applications in real-time service. Given the versatility of applications and the limit of 3 GBR bearers, a QCI is often overloaded with several real-time applications of different packetization intervals. As illustrated in Figure 1, for example, a high-priority PTT (Push-To-Talk) service data flow of 60 ms packetization and a VoLTE of 20 ms are both mapped to the same QCI 1 bearer. Depending on the presence of the service data flows that could be either one of them or both, the bearer presents a different requirement of the optimal C-DRX length. Since UE knows the applications that are invoked and thus the optimal C-DRX length, a functionality for UE to indicate its preferred C-DRX length is highly desirable. 
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Figure 1: Public Safety Use Case - SDF/QCI Mapping

Observation 4: for the UEs used in public safety, Push-To-Talk service data flow (60 ms packetization interval) and VoLTE flow (packetization interval 20 ms) can both be mapped to the same bearer. It is desirable for these UEs to indicate the preferred C-DRX cycle based on its active application types.
For example, the UE may do the following:
· If only PTT application is running, the UE indicates its preference of C-DRX length 60ms.
· If both PTT and VoLTE applications are running and sharing the same bearer, the UE indicates its preference of C-DRX length 60ms.
· If only VoLTE application is running, the UE indicates its preference of C-DRX length based on the end-to-end VoLTE quality, see the example in Section 2.1.
3 Conclusion 

Based on the Observations 1-3, the accurate key end-to-end VoLTE quality metrics (delay, jitter and frame loss rate) are only known at the UE.

Therefore, we propose the following proposals with the objectives below: 
· Enhancing VoLTE coverage,
· Improving VoLTE quality,
· Enabling 60ms C-DRX cycle, and 
· Ensuring good battery performance and service quality for the UEs used in public safety.
Proposal 1: Introduce a new signaling for the UE to report its preferred C-DRX cycle length of “No C-DRX”, 20ms, 40ms and 60ms. The eNB decides which C-DRX cycle to use. A prohibit timer is configured by the eNB to prevent the UE from sending the reports too often.
To reduce signaling latency, we further propose below. This is because MAC layer signaling latency is shorter than RRC signaling and C-DRX cycle is mainly used by eNB/UE MAC layer. So we think MAC layer signaling is better than RRC signaling in implementing Proposal 1.
Proposal 2: the UE sends its preferred C-DRX cycle length via a new MAC layer control element.
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