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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 C-DRX 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 metrics. Therefore, we propose that the UE can report preferred C-DRX cycle to the eNB. 
Even without the 60ms C-DRX, 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 C-DRX setting or channel conditions. In this case, with our proposal, the UE can report preferred C-DRX cycle with shorter C-DRX cycles or “No C-DRX” to the eNB. This can improve the VoLTE quality and reduce call drop rate KPI.
2 Motivations for UE Preferred C-DRX Cycle Reporting
Motivation 1: VoLTE Quality and UE Power Optimization
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 drop 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:
	Concerned eNB 1
	Core network
	Far-end eNB 2
	Far-end UE 2

	Speaker
	
	
	
	Mic

	VoLTE application (audio buffering and playout logic incurs extra delay and audio frame loss)
	
	
	
	Audio frame generation

	RTP/RTCP 

(RTCP provides jitter and packet loss rate, and derives round-trip delay)
	
	
	
	RTP/RTCP 

	LTE RAN:
PDCP/RLC/MAC/PHY
	LTE RAN:
PDCP/ RLC/MAC/PHY
	
	LTE RAN:

PDCP/ RLC/MAC/PHY
	LTE RAN:
PDCP/RLC/MAC/PHY


Proposed UE C-DRX cycle reporting
Based on the Observations 1 and 2, the accurate key end-to-end VoLTE quality metrics (delay, jitter and frame loss rate) are only known at the UE. We propose that 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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Based on our theoretical analysis and simulation results in Section 4, we think that C-DRX cycle length has significant impact on the end-to-end VoLTE delay. Hence, 60ms C-DRX cycle should be enabled only under good VoLTE quality conditions.

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 C-DRX support.
· In other cases, the UE may not indicate its preference if it is satisfied with the current C-DRX length.
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 3: 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 our analytical study and simulation results, it is apparent that 60ms C-DRX has significant end-to-end delay impact, so it should be enabled only under good VoLTE quality conditions.

Based on the Observations 1 and 2, 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 three objectives: 
· Enabling 60ms C-DRX cycle, 
· Improving VoLTE KPI for deployments with and without 60ms C-DRX, 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.

4 Appendix: End-to-end VoLTE delay impact for 60ms C-DRX cycle 

Theoretical analysis for 60ms C-DRX 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. 

Observation 4: Compared with 40ms DRX cycle, if 60ms C-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.

Simulation Results for 60ms C-DRX cycle
To prove the above analysis, we evaluated the 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. 

Table 1: e2e delay (Average and 95 percentile) for various CDRX combinations.

	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 5: simulation results shows that by using 60ms C-DRX cycle instead of 40ms C-DRX cycle, the UE reduces active time by 27% and experiences an extra 40ms average end-to-end delay.
Based on the observations 4 and 5, it is apparent that 60ms C-DRX has significant end-to-end delay impact, so it should be enabled only under good VoLTE quality conditions.  

Assumptions used in the simulations of Section 4
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 C-DRX 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.
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