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1
Introduction
The work item description for Enhancements for diverse data applications [RP-111372] lists DRX enhancements as one potential area of enhancements:
“2.
Enhancements to DRX configuration/control mechanisms to be more responsive to the needs and activity of either single or multiple applications running in parallel, with improved adaptability to time-varying traffic profiles and to application requirements, thereby allowing for an improved optimisation of the trade-off between performance and UE-battery-consumption.”
In this contribution we discuss the potential areas of enhancements.
2
DRX with background traffic
When UE is only having background traffic, it sends/receives a few packets infrequently. Thus the UE can sleep most of the time provided that suitable DRX has been configured. 
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Figure 1: Mean UE power consumption with different DRX configurations, Short DRX cycle length 40 ms, Long DRX cycle 160..2560 ms, short cycle timer 0, 80, or 80..640 ms (legend: “DRX: long cycle, short cycle timer”)

Some initial simulations were done to compare some basic DRX configurations. Figure 1 shows UE mean power consumption results with different DRX configurations for different traffic intervals (mean burst interval from 4 s to 120 s). Long DRX cycle length is varied from 160 ms up to 2560 ms, Short DRX cycle length is always 40 ms and short cycle timer is either 0 (only Long DRX cycle), 80 ms (fixed) or half of the Long DRX cycle length (80..640 ms). The more detailed simulation parameters are given in the Appendix.
The results show that the Short DRX cycle configuration is critical from power consumption point of view. This is especially clearly visible with higher traffic activity (e.g., 4 s burst interval) but also with long interval between bursts (120 s). Configuration without Short DRX cycle gives lowest power consumption but the latency may become an issue, especially for application running on top of TCP (these simulations were run without TCP). The results show that the power consumption with 80 ms short cycle timer is only slightly higher compared to Long DRX cycle only case and it is beneficial if short cycle timer is running until TCP ACK is received.
Observation: Longer Long DRX cycles give lower power consumption and can well be used for background traffic which is typically not very delay sensitive.

Observation: Longer short cycle timer values can cause significant power increase, especially with the longer Long DRX cycles (640..2560 ms) and shorter burst intervals.
3
Discussion
For background traffic having single or a few packets per burst, it is beneficial to have fairly long Long DRX cycle and at the same time some Short DRX cycle to cope with burst length variability and TCP ACKs. On the other hand, when some application enters more active phase it would be better to have shorter DRX cycle in order to reduce the latency for the packets. This could be achieved either by changing the Long DRX cycle length to a smaller value or by using longer short cycle timer. Entering into more active phase is easy to detect in the network and eNB can take any necessary actions, e.g., reconfigure the DRX settings. But entering background mode is not always as easy to detect. Here some UE assistance could be helpful, since the UE is better aware of its own state.
Rel8/9/10 DRX as specified in [2] has some self adapting features: a PDCCH received during OnDuration indicating a new transmission starts drx-InactivityTimer and when it expires, UE enters into Short DRX cycle (if configured). Thus any data activity triggers more active PDCCH monitoring. For background traffic this may not always be the best, especially for infrequent keep-alive type of messages which typically consist of a single message possibly followed by TCP ACK. If a keep-alive message always triggers long inactivity timer and after that long short cycle timer, considerable amount of unnecessary power consumption is generated. eNB can naturally reconfigure the DRX settings by RRC signalling but it might also be worth studying more dynamic ways of adapting the DRX settings for the background traffic and getting UE faster back to Long DRX.
Proposal: RAN2 to discuss possible enhancements to DRX schemes.
4
Conclusion
Based on the initial simulation results, optimum DRX settings for background traffic is different from DRX settings for more active traffic. Some possible areas for enhancements were discussed, like:
· UE assistance for DRX configuration

· More dynamic ways of adapting the DRX settings or getting UE faster back to Long DRX
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Appendix: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640, 1280, 2560 ms

40 ms

½ long cycle length (max 640 ms) or 80 ms

10 ms

5 ms

	RRC release timer
	
	100s

	Traffic model: background
	Packets per burst

Packet size

Idle time between bursts
	1

Geometric distr with mean 100B

Geometric distr with mean 4, 10, 30, 60, 100 and 120s

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout

Inter site distance (ISD)

Indoor penetration loss
	57 sectors/19 BSs

500 m

20 dB

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	BS Tx power
	
	46 dBm

	Shadowing
	Standard deviation

Correlation between cells/sectors

Correlation distance
	8 dB

0.5/1.0

50 m

	Multipath delay profile
	
	Typical Urban

	UE velocity
	
	3 km/h

	UE movement
	
	Random

	RSRP Measurement (IDLE)
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	1280 ms

6 RBs

2dB

2

	RSRP Measurement (CONNECTED)
	L1 measurement cycle

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms or DRX cycle length

6 RBs

2 dB


5

	Cell reselection (IDLE)
	Qhyst

Treselection
	3 dB

256 ms

	Handover (CONNECTED)
	Threshold

Hysteresis

Time to trigger
	2 dB

1 dB

256ms

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-10 dB

-6 dB

1000 ms

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	50 simultaneous UEs per cell

	DL Interference load
	Macro
	50% RBs loaded



