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Introduction

Subsequent to RAN2#77 in Dresden, the following email discussion took place:

[77#27] LTE: EDDA: TP for TR on power consumption and DRX [RIM]

-
Prepare a text proposal capturing simulation results on power consumption with DRX
-
Based on contributions provided to RAN2-77
=>
Intended outcome: TP for TR 36.822

The text proposal below, for TR 36.822, captures the output of this email discussion and is provided for approval.

Text Proposal
5
Evaluation of existing EUTRAN functionality

Editor’s note:  Intention is to include evaluations for existing functionality in Rel-8/9/10

5.4
Evaluation of UE power consumption

5.4.1
Power consumption as a function of DRX long cycle length

In this section, an evaluation of UE power consumption is shown for background traffic with varying burst inter-arrival times and for different RRC inactivity release timers and DRX configurations. Mobility is considered with UEs moving at 3kmph and 30kmph in random fashion.

The following DRX settings are used in the evaluations shown below in Figures 5.4.1-1 to 5.4.1-4.

	Feature/Parameter
	Configuration
	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)

10 ms

5 ms
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Figure 5.4.1-1 UE power consumption, DRX “off”, 3kmph
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Figure 5.4.1-2 UE power consumption, DRX long cycle duration 160ms, 3kmph
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Figure 5.4.1-3 UE power consumption, DRX long cycle duration 640ms, 3kmph
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Figure 5.4.1-4 UE power consumption, DRX long cycle duration 640ms, 30kmph

Note: Traffic profile C from Annex A.2 was used as the basis for the above evaluations. The above figure is taken from R2-120367. 

Another metric for UE power consumption is the battery duration. The impact of various DRX long cycle periods in connected mode on UE battery duration is shown in Figure 5.4.1-5 below, where the relative average battery duration (normalised to the battery duration at 3 kmph with no DRX) is shown at various velocities and for different DRX long cycle durations. 
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Figure 5.4.1-5: UE relative battery duration as a function of DRX period length

Note: Traffic profile D from Annex A.2 was used as the basis for the above evaluations. The above figure is taken from R2-120578.

The following observations can be made from the above results: 

-
The RRC release timer value has a large impact on the relative power consumption, especially with shorter DRX long cycles

-
Terminal speed does not have a strong influence on the power consumption

The evaluations above consider the case of the UE moving to idle mode at the expiry of the network idle inactivity timer.  Conversely the evaluations of Figure 5.4.1-6 below consider the power consumption of a UE which is held in RRC connected mode for most of the time (with a relatively large RRC release timer – 100 s). Different DRX configurations are used to study the impact of DRX on the UE power consumption in connected mode. 
[image: image6.emf]
Figure 5.4.1-6: Mean UE power consumption with different DRX configurations (legend: “DRX: long cycle, short cycle timer”)

Note: Traffic profile C from Annex A.2 was used as the basis for the above evaluations. The above figure is taken from R2-120500.

The following observations can be made from the above results: 

-
Longer Long DRX cycles give lower power consumption in RRC connected mode

-
In case of traffic with shorter inter arrival times (4-10 secs), a significant increase of power consumption in RRC connected mode can be observed for the DRX configurations comprising a longer short cycle timer. This is more noticeable in case of the configurations with longer long DRX cycles (640 … 2560 ms).
5.4.2
Trade-off between power consumption and latency
Increasing the overall proportion of sub-frames on which the UE may sleep naturally results in a reduction in active time thus reducing the UE’s power consumption. However, this comes with an increased risk of longer wake-up delays (i.e. the latency).  An example of this trade-off between average UE power consumption and latency can be seen in Figure 5.4.2-1 for background traffic (Trace 29, see Annex A.1) and in Figure 5.4.2-2 for interactive content pull traffic (Trace 50, see Annex A.1).  Power consumption is expressed in terms of an “Average Relative Power Metric” (ARPM) ranging from 0 to 1.  This is defined as the average power consumption of the UE relative to the case of continuous transmission and reception (assuming here an FDD UE).
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Figure 5.4.2-1a: UE power consumption as a function of Long DRX cycle period and DRX inactivity timer (background traffic)
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Figure 5.4.2-1b: DL latency as a function of Long DRX cycle period and DRX inactivity timer (background traffic)

	[image: image9.emf]10

-3

10

-2

10

-1

10

0

10

1

0.05

0.1

0.15

0.2

0.25

0.3

drx-InactivityTimer (s)

ARPM

Interactive Content Pull, Relative Power Consumption

 

 

Long DRX (ms)

  10

  32

  64

 128

 320

 640

1280


Figure 5.4.2-2a: UE power consumption as a function of Long DRX cycle period and DRX inactivity timer (interactive content pull traffic)
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Figure 5.4.2-2b: DL Latency as a function of Long DRX cycle period and DRX inactivity timer (interactive content pull traffic)


Note: The above figures are taken from R2-120544. 

Latency is likely to be a less-important consideration for background traffic and hence a DRX configuration that prioritises UE battery performance may be preferred.  As shown in Figure 5.4.2-1, this may be achieved through the use of shorter DRX inactivity timers and longer DRX cycle lengths.

However, for interactive content pull traffic, latency is significantly impacted by the application of such DRX parameters.  As shown in Figure 5.4.2-2b, these impacts may be largely avoided by increasing the inactivity timer to around 500ms, although application of such a latency-sensitive DRX configuration to the background traffic case could then lead to a several-fold increase in UE power consumption when compared with shorter DRX inactivity timers (Figure 5.4.2-1a).

The following observations can be made:

-
DRX configurations optimised primarily for UE power consumption in background traffic scenarios may differ substantially when compared to those optimised primarily for latency such as in the case of interactive or latency-sensitive traffic.

-
Application of a DRX configuration optimised primarily for latency (e.g. for interactive content pull traffic)  can significantly increase UE power consumption during times of background traffic whilst the DRX configurations optimised primarily for power consumption of background traffic may cause an increase in latency for the latency sensitive traffic.
5.4.3
Trade-off between power consumption and handover performance
The use of longer DRX cycles has some potential to impact handover performance and this is evaluated in this section. This impact may be due to reduced frequency of L1 measurements or increased latency of signalling messages. 

The results of Figure 5.4.3-1 below show the percentage of radio link failures per successful handover. 
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Figure 5.4.3-1: UE handover performance as a function of mobility and DRX cycle length 

Note: The above figures are taken from R2-120578. The following observations can be made from the above figure: 

-
Rate of radio link failure increases with longer DRX cycles

-
For high mobility cases, it is preferable to keep the UE either in RRC idle state or in RRC connected state with a short DRX cycle length
A.2
Additional Traffic Sources Used for Evaluation
Table A.2-1:  Additional Traffic Sources Used for Evaluation

	Trace-ID
	Source Company
	Description
	Mean Rate (Bytes/s)
	Mean IP Packets Per Second

	
	
	
	DL
	UL
	DL
	UL

	A
	Huawei
	R2-116167, Background Trace, Appendix 6.2
	
	
	
	

	B
	Huawei
	R2-116167, IM Trace, Appendix 6.3
	
	
	
	

	C
	Nokia Corporation, Nokia Siemens Networks
	R2-120367, burst model with geometric distribution of inter-arrival times
	
	
	
	

	D
	Renesas Mobile Europe Ltd
	R2-120578, burst model with geometric distribution of inter-arrival times
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