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1 Introduction

In this document, we discuss an optimization of C-DRX for VoLTE. 
In RAN2#92 meeting, a new C-DRX Cycle 60ms was introduced to Release 13 by R2-161967 in order to reduce UE VoLTE power consumption. Based on our analysis and simulations, the 60ms CDRX cycles can increase the end-to-end VoLTE delay by tens of milliseconds. So we believe that the C-DRX Cycle 60ms should be used mainly when the end-to-end VoLTE quality is good. However, the eNB may not be aware of the end-to-end VoLTE quality. Therefore, we propose that the UE can report preferred C-DRX cycle to the eNB. 
Even without the 60ms CDRX, some UEs may experience long end-to-end Volte delay due to bad channel condition in the far-end UE, not due to the concerned UE’s CDRX setting or channel conditions. In this case, with our proposal, the UE can report preferred C-DRX cycle with shorter CDRX cycles or “No CDRX” to the eNB. This can improve the VoLTE quality and reduce call drop rate KPI.
2 End-to-end VoLTE delay analysis for 60ms CDRX cycle
Compared to the 40ms DRX cycle, if 60ms DRX cycle is used at both sides of the UEs, the eNB-UE link delay increases by about 20ms on average. Hence, we have the following Observation 1. 

Observation 1: Compared with 40ms DRX cycle, if 60ms DRX cycle is used by both transmitter and receiver UEs, the VoLTE end-to-end delay increases by up to 40ms, excluding the de-jitter delay.
3 Simulation Results
To prove the above back of the envelope calculations, we evaluated the UE power cost and VoLTE delay via a simulation, assuming the following:
· The network topology is UE1 <--> eNB1 <--> core network <--> eNB2 <--> UE2. 
· The core network backhaul delay is modelled as a random variable with uniform distribution in the range [15, 35]ms.
· The UE always gets enough DL and UL grants to carry any queued VoLTE Tx/Rx.

· Overall audio frame processing (audio encoding/decoding) delay, including both sender and receiver, is 100ms.

· HARQ BLER: 10% or 20%.

· The audio replay delay (due to de-jitter processing) is 60ms for 40ms DRX cycle and 80ms for 60 DRX cycle. 

· C-DRX Configuration 

· onDurationTimer: 4ms.

· drx-InactivityTimer: 4ms.

· More detailed assumptions for the simulation is in the Appendix of this document.
We evaluate the simulation results in terms of the following metrics.
· VoLTE End-to-End Delay

· Wakeup Time Percentage:= Overall Wakeup Time / Overall Simulation Time × 100%
In case of 10% BLER, we compare the results for 60ms and 40ms DRX cycle configurations in the following table. By using 60ms DRX cycle instead of 40ms DRX cycle, the UE reduces active time by 27% and experiences an extra 40ms average end-to-end delay. 
	Average e2e delay / 95% percentile e2e delay (ms) (10% BLER)
	Receiver C-DRX Cycle 
	0 ms (No DRX)
	40 ms
	60 ms

	Sender C-DRX Cycle
	
	
	
	

	0 ms (No DRX)
	154.33 / 165.3
	189.8 / 208.1
	209.4 / 237.3

	40 ms
	188.87 / 207
	226.01 / 242.9
	243.77 / 277.7

	60 ms
	210.46 / 237.2
	245.79 / 278.1
	266.87 / 299.3


Observation 2: simulation results shows that by using 60ms DRX cycle instead of 40ms DRX cycle, the UE reduces active time by 27% and experiences an extra 40ms average end-to-end delay.

4 Preferred DRX Cycle Reporting
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 call end-to-end performance, such as de-jitter delay (as a function of inter-packet jitter and/or absolute jitter), and end-to-end delay of an RTCP feedback from the far-end UE. Based on these information, the UE can provide assistance information to the eNB about its preferred C-DRX length, in order to make a better tradeoff between UE power and VoLTE e2e quality. 
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In practice, there are many reasons for a UE to experience excessive packet delay from time to time, e.g., core network delay. Regardless of the actual reason for the excessive packet delay, UE reporting shorter preferred C-DRX cycles in such conditions can reduce the end-to-end delay.
For example, the UE may do the following:
· If the filtered VoLTE e2e delay < threshold 1, the UE indicates its preference of C-DRX length 60ms. This saves UE battery life.
· If the filtered VoLTE e2e delay > threshold 2 (this may be due to long delay in the core network or at far end UE), the UE indicates its preference of no C-DRX. This is improves VoLTE quality and reduces the call drop rate KPI. Based on this example, the proposal can be used without 60ms CDRX support.
· In other cases, the UE may not indicate its preference if it is satisfied with the current C-DRX length.
Hence, we propose:
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.

5 Conclusion 

Observation 1: Compared with 40ms DRX cycle, if 60ms DRX cycle is used by both transmitter and receiver UEs, the VoLTE end-to-end delay increases by up to 40ms, excluding the de-jitter delay.

Observation 2: simulation results shows that by using 60ms DRX cycle instead of 40ms DRX cycle, the UE reduces active time by 27% and experiences an extra 40ms average end-to-end delay.

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.
Proposal 2: the UE sends its preferred C-DRX cycle length via a new MAC layer control element.
The companion draft CRs are: 36.331 CR: R2-162916, 36.321 CR: R2-162914, 36.306 CR: R2-162913.

6 Appendix: Assumptions used in the simulations of Section 3
1. The UE always generates audio packet every 20ms.

2. The UE always gets enough DL and UL grants to carry any queued VoLTE Tx/Rx.
3. Overall audio frame processing (audio encoding/decoding) delay, including both sender and receiver, is 100ms.

4. The size of IP PDU containing one audio fame = 328bits.
5. C-DRX Configuration 
a) onDurationTimer: 4ms.

b) drx-InactivityTimer: 4ms.
c) drx-RetransmissionTimer: 4ms. 
d) longDRX-CycleStartOffset is modeled as a random variable with uniform distribution in the range between 0 and (DRX_Cycle - 1), which is configured by eNB at the beginning of the simulation and not changed afterwards.

6. The core network backhaul delay is modeled as a random variable with uniform distribution in the range [15, 35]ms.

7. The time offset between the first audio packet generation time and the first CDRX active TTI is modeled as a random variable with uniform distribution between 0 and (DRX_Cycle - 1), which is determined at the beginning of the simulation and not changed afterwards in the same run of simulation. It changes in different runs of the simulation.
8. HARQ BLER: 10%.
9. The audio replay delay (due to de-jitter processing) is 60ms for 40ms DRX cycle and 80ms for 60 DRX cycle. 

10.  Each scenarios of the simulation are run 10 times with different random seeds.
_1520952205.vsd
UE2
(far-end UE)



