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1 Introduction

In this document, we discuss an optimization of C-DRX Cycle Configuration for VoLTE. 
In current VoLTE deployments, the eNB usually configures C-DRX Cycles of 40ms, 20ms, or even no C-DRX. In practice, some UEs may experience very short end-to-end Volte delay, however, the eNB is not aware of that fact. If these UEs can request the eNB to configure a longer DRX cycle (e.g., 60ms), we can reduce UE power consumption while retaining good VoLTE quality. 

In the following, we analyze the reduction in wake up time of the UE, and the resulting effect on end to end delays. We then make proposals that try to take advantage of an extended DRX when possible.
An accompanying CR is in R2-161685.
2 Required reception/transmission time
In the table below, we compare the UE required reception/transmission time under different DRX cycle settings. 
If the UE is awake X ms every DRX ms, by using a 60ms DRX cycle rather than a 40ms DRX cycle, the UE reduces its active time by (2.5X% - 1.67X%) / (2.5X%) = 33%; the detailed calculation is in the table below. This assumes that the wake up time doesn’t increase when the DRX periodicity increases, and that is a valid assumption under good radio conditions where the eNB can schedule large payloads that terminate within the same timelines.
	DRX cycle length
	UE active time (percentage)

(DRX active time = X ms) 

	40ms
	Drx_Active_Time / DRX_Cycle * 100% = X/40 * 100% = 2.5X%

	60ms
	Drx_Active_Time / DRX_Cycle * 100% = X/60 * 100% = 1.67X%


Observation 1: in VoLTE scenarios, by using 60ms DRX instead of 40ms DRX cycle, the UE’s required reception/transmission time can reduce by about 33%.
This reduction in reception/transmission time, should translate into battery gains, the extent of which is dependent on the UE implementation.

Compared to the 40ms DRX cycle, if 60ms DRX cycle is used, the eNB-UE link delay increases by about 20ms on average. Hence, we have the following Observation 2. 

Observation 2: 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 upto 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 modeled 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 in Figures 1.
· 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


	C-DRX Cycle for both Sender and Receiver (ms)

(10% BLER)
	Active Wakeup Time Percentage

	0
	100%

	40
	11.2%

	60
	8.2%


	Average e2e delay / 95% percentile e2e delay (ms) 

(20% BLER)
	Receiver C-DRX Cycle (ms)
	0
	40
	60

	Sender C-DRX Cycle (ms)
	
	
	
	

	0
	156.81 / 171.7
	191.2 / 212.5
	210.77 / 241.7

	40
	190.4 / 212.9
	226.68 / 250.5
	244.82 / 278.5

	60
	211.63 / 240.1
	246.21 / 280.1
	267.22 / 303.3


	C-DRX Cycle for both Sender and Receiver (ms)

(20% BLER)
	Active Wakeup Time Percentage

	0
	100%

	40
	12.8%

	60
	9.4%


4 60 ms DRX 
From the theoretical and simulations results in the previous sections, we see that C-DRX length is essential in the tradeoff of UE power consumption and VoLTE e2e delay, and that a 60ms DRX strikes another balance not available today.

In existing 36.331 specifications, the 60ms DRX configuration is allowed only for IDC-capable UEs. So we propose to allow the 60ms DRX configuration for the UEs that support “C-DRX cycle length 60ms”.    

Proposal 1: Modify the existing 36.331 specifications to allow a 60 ms C-DRX cycle length configuration. 

Proposal 2: Introduce a UE capability of supporting “C-DRX cycle length 60ms”.

5 C-DRX indication preference 
As per current specifications, the eNB can set the C-DRX length based on the UE-eNB local link information. The eNB may also apply more intelligence to collect some implicit information about end-to-end VoLTE performance, and use such information in C-DRX configuration. 

On the other hand, the UE has explicit information about the ongoing VoLTE call performance, such as de-jitter delay (as a fuction of inter-packet jitter and/or absolute jitter) and end-to-end delay of an RTCP feedback from the far-end. Based on these information, the UE can provide assistance information to the eNB about its preference of C-DRX length, in order to make a better tradeoff between UE power and VoLTE e2e quality. 

As shown above, even if the reduction in DRX is done on one side of the end to end link, there is significant end to end delay reduction that can be had.

For example, the UE may do the following:
· If the filtered VoLTE e2e delay < 100ms, the UE indicates its preference of C-DRX length 60ms.
· If the filtered VoLTE e2e delay > 300ms (this may be due to long delay in the core network or at the other side UE), the UE indicates its preference of no C-DRX.
· In other cases, the UE may not indicate its preference if it is satisfied with the current C-DRX length.
Hence, we propose:
Proposal 3: Introduce a new RRC signaling for the UE to indicate its preference of C-DRX cycle length of “No C-DRX”, 20ms, 40ms and 60ms.
6 Conclusion 

Observation 1: in VoLTE scenarios, by using 60ms DRX instead of 40ms DRX cycle, the UE’s required reception/transmission time can reduce by about 33%.
Observation 2: 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 upto 40ms, excluding the de-jitter delay.

Proposal 1: Modify the existing 36.331 specifications to allow a 60 ms C-DRX cycle length configuration, using one of the following options:
a. Remove the restriction in existing specification that 60ms C-DRX cycle can only be used for UEs supporting IDC

b. Introduce new DRX 60 ms in ASN.1, independent of the exising 60ms C-DRX ASN.1.
Proposal 2: Introduce a UE capability of supporting “C-DRX cycle length 60ms”, using one of the following options:
a. Introduce it from Rel-12 using a new UE capability 

b. Introduce it from Rel-13
c. No explicit capabilities - it is implicitly assume that the UE support it if the UE indicate 60ms C-DRX length in proposal 1
Proposal 3: Introduce a new RRC signaling for the UE to indicate its preference of C-DRX cycle length of “No C-DRX”, 20ms, 40ms and 60ms, using one of the following options:

a. Extend the current PPI message 

b. Define a new RRC UE assistance information message
An accompanying CR is in R2-161685.
7 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% or 20%.
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.
