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1 Introduction

A degraded VoLTE call usually involves a UE1 in good coverage and a UE2 in bad coverage. The UE2 in bad radio condition has many HARQ retransmissions, which increases the E2E delay and jitter. The UE1 in good coverage may be configured with CDRX due to good CQI. For a degraded VoLTE call, we propose that the UE1 in good coverage suggests the eNB to shorten CDRX cycle length (even though it consumes more battery power), so that both E2E delay and jitter will be reduced, hence improving the degraded VoLTE quality. In addition, after this scheme is applied, the peer UE2 in bad radio condition will have larger delay headroom available for eMTC repetitions.
We also propose a signaling design for the two schemes in this WI: CDRX cycle reporting (described above and in Section 2) and delay headroom reporting [2].
2 Shorten CDRX cycle for degraded VoLTE calls

Our simulation results in [3] showed that CDRX causes longer E2E VoLTE jitter and delay (Observation 1 of [3]). 

A degraded VoLTE call usually involves a UE1 in good coverage and a UE2 in bad coverage. For a degraded VoLTE call, we propose that the UE1 in good coverage suggests the eNB to shorten CDRX cycle length, so that both E2E delay and jitter can be reduced, hence improving the degraded VoLTE quality. In addition, after this scheme is applied, UE2 will have larger delay headroom for eMTC repetitions. This is explained in detail by Example 1 below.

Example 1: In Figure 1, UE1 is in good radio condition and configured with 40ms CDRX. UE2 is in bad radio condition and configured with no CDRX. The scenario in Figure 1 happens in the following sequence.

1. UE2 detects bad-radio condition (e.g., high BLER), it does many HARQ retransmissions, which cause long jitter and E2E at the receiver UE1. 

2. UE1 detects that VoLTE quality is bad (e.g., large jitter or delay), hence it suggests eNB1 to de-configure CDRX or shorten CDRX cycle. As a result, E2E delay and jitter are reduced.

3. UE2 detects that VoLTE E2E delay has dropped. UE2 reports larger delay headroom to eNB2, so eNB may apply more eMTC repetitions (or more HARQ retransmissions).
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Figure 1: Example 1 - UE1 shortening CDRX cycle for a degraded VoLTE call

Based on the analysis above, we have the following proposal.

Proposal 1 If configured, the UE may indicate to the eNB a CDRX cycle value that is different than the configured CDRX cycle value. The eNB decides which CDRX cycle to use. A prohibit timer is configured by the eNB to prevent the UE from sending the indication too frequently. 

To reduce signaling latency, we further propose below. This is because MAC layer signaling latency is shorter than RRC signaling and CDRX operates at the MAC layer. Although MAC signaling does not have RLC retransmission, the CDRX reporting is mainly used for good-channel UEs, as described above. So MAC signaling is reliable enough for the use case of CDRX reporting. Therefore, we think MAC layer signaling is better than RRC signaling in implementing Proposal 1. 

Proposal 2 The UE indicates preferred CDRX cycle length via new MAC layer control elements.
3 Separate signaling for CDRX cycle and delay headroom reporting
In this section, we discuss signaling for the two schemes: CDRX cycle reporting and delay headroom reporting [2].

3.1 Summary of CDRX cycle reporting and delay headroom reporting

As pointed out by [4]’s analysis (related to [4]’s Observation 1), the relative jitter of VoLTE is mainly known to the receiver UE. In addition, [2] points out that eNB may not know the E2E delay while UE knows. Therefore, we have the following observation. 

Observation 1 The eNB is not in a good position to know the ongoing VoLTE quality, whereas the UE knows the ongoing VoLTE quality.
Based on the above observation, we summarize in Table 1 various aspects of the two schemes: CDRX cycle reporting and delay headroom reporting.

Table 1: Summary of CDRX cycle reporting and delay headroom reporting

	
	Main Applicable Scenario
	Who triggers the report? 
	Content of the UE Report
	Expected eNB reactions from the UE report

	
	VoLTE Quality
	Local UE channel quality
	
	
	

	Delay headroom reporting
	Bad
	Bad
	eNB triggers the report. 

Example Trigger Condition: Upon detecting bad channel quality, the eNB requests the UE to report delay headroom. VoLTE quality is not part of the trigger condition.
	Upon receiving eNB’s request, the UE reports that it can tolerate X ms extra delay for more eMTC repetitions.
	Apply eMTC repetitions that incur X ms or less extra delay.

	CDRX cycle reporting
	Bad
	Good
	UE triggers the report. 

Trigger Condition: Upon detecting bad VoLTE quality and good channel quality, the UE reports preferred CDRX cycle to eNB, if configured. VoLTE quality is essential part of the trigger condition.
	If trigger condition is met, the UE reports that it wants a shorter CDRX cycle length (Y ms) to improve the bad VoLTE quality which has been degraded by e.g., peer UE’s bad channel quality.
	Decrease CDRX cycle length (may increase CDRX cycle length afterwards if condition recovers)


From the analysis in Table 1, we have the following observations.

Observation 2 Delay headroom reporting is triggered by the eNB based on bad channel quality (not VoLTE quality).
Observation 3 CDRX cycle reporting is triggered by the UE based on both VoLTE quality and channel quality, e.g., the UE reports shortening CDRX cycle under “bad VoLTE quality and good channel quality” condition.
Observation 4 The eNB reacts differently to CDRX cycle report and delay headroom report.
From the above Observations 1-4, we have the following proposal.
Proposal 3 RAN2 signalling should differentiate CDRX cycle report and delay headroom report.

3.2 Signaling for delay headroom reporting
As shown in Table 1, delay headroom reporting is mainly used by bad-channel UE. To ensure reliable delivery of the report in bad channel to the eNB, it is better to use RRC signalling rather than MAC CE because the RRC signalling has RLC retransmission while MAC CE does not.
Proposal 4 The UE reports delay headroom via RRC signalling.
4 Conclusion 

We have the following observations and proposals. Reference CRs are in R2-167635 [5] and R2-167636 [6].
Observation 5 The eNB is not in a good position to know the ongoing VoLTE quality, whereas the UE knows the ongoing VoLTE quality.

Observation 6 Delay headroom reporting is triggered by the eNB based on bad channel quality (not VoLTE quality).

Observation 7 CDRX cycle reporting is triggered by the UE based on both VoLTE quality and channel quality, e.g., the UE reports shortening CDRX cycle under “bad VoLTE quality and good channel quality” condition.

Observation 8 The eNB reacts differently to CDRX cycle report and delay headroom report.

Proposal 5 If configured, the UE may indicate to the eNB a CDRX cycle value that is different than the configured CDRX cycle value. The eNB decides which CDRX cycle to use. A prohibit timer is configured by the eNB to prevent the UE from sending the indication too frequently. 

Proposal 6 The UE indicates preferred CDRX cycle length via new MAC layer control elements.

Proposal 7 RAN2 signalling should differentiate CDRX cycle report and delay headroom report.

Proposal 8 The UE reports delay headroom via RRC signalling.
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