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1
Introduction
In RAN2#77 meeting, an agreement was reached:

The existing DRX mechanism with proper settings is a good mechanism from UE battery power savings point of view but further comparison with IDLE mode power consumption may be needed.
In this document, we evaluate UE power consumption in connected mode and idle mode and consider the average power consumption for background and IM traffic separately when the RRC connection is released after a certain time.
The observations that can be derived on the relationship between UE power consumption and RRC release timer values are different from [1] wherein the observation is “RT value can have large influence on the relative power consumption especially with shorter DRX cycles.” 
We make further observations and give some suggestions on how to continue the work on eDDA.
2
Discussion 
2.1
Simulation assumptions and scenarios
In order to compare the connected mode power consumption with idle mode, different values of RRC release timer are simulated which determine how long the UE is kept in idle and connected mode. 

In idle mode, a UE is only supposed to monitor paging messages and perform serving cell and intra-frequency cell measurements.  At every paging cycle, the UE requires 1 ms of RF activity to monitor and or receive a paging message. For serving cell and intra-frequency cell measurements, it can be done during the PO subframe, i.e. the serving cell and intra-frequency cell measurements do not add anything to RF activity. In the simulation, paging cycle is assumed to be 640ms.
In connected mode, different DRX cycles are considered to assess the influence of DRX configurations on power consumption. Like in idle mode, only serving cell and intra-frequency cell measurements are simulated, which can be done during the on duration. 
Two types of UE behaviours are considered: active with no data reception and active with data reception, which have different power consumption. For simplicity, power consumption in duration of state transition in [2] is not considered, neither in connected nor in idle state. Besides, since uplink transmission power mainly depends on power control, it is difficult to consider the absolute mean power consumption. The power consumption due to uplink transmission is also not considered, but this should not significantly affect the results. Default simulation parameters for UE power consumption model are listed below:

Table 1 Default simulation parameters for UE power consumption model
	Parameters
	Label/value
	Default value

	A: Absolute power consumption in “Active with data rx” state
	PA
	500mW[2]

	B: Relative power consumption in “Active with no data rx” state.
	PB/PA
	0.5[2]


2.2
Simulation results
2.2.1
Background
A UE power consumption evaluation for background traffic is made with varying RRC release timer and DRX cycles. Mobility is considered with UE moving at 3kmph, 30kmph, 60kmph and 90kmph, Figures 1~4.
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Figure 1 UE power consumption, 3kmph                       Figure 2 UE power consumption, 30kmph
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Figure 3 UE power consumption, 60kmph                   Figure 4 UE power consumption, 90kmph
2.2.2
IM

The same simulation for IM traffic is done, and the simulation results are listed in Figure 5~8.
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Figure 5 UE power consumption, 3kmph                       Figure 6 UE power consumption, 30kmph
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Figure 7 UE power consumption, 60kmph                   Figure 8 UE power consumption, 90kmph
2.3
Analysis
From the above simulation results, an obvious observation is that RRC release timer value has a large influence on UE power consumption with a very shorter DRX cycle (40ms), especially for background traffic. This is visible when comparing the results in Figure 1~4. The power consumption drops from 22mW to 6mW with 3kmph.
Observation 1: the RRC release timer value has a large influence on UE power consumption only with a very short long DRX cycle (40ms).
 As to longer DRX cycles, RRC release timer value has no essential influence on UE power consumption. When DRX cycle is configured to 640ms, UE power consumption almost does not vary with different RRC release timer values. The reason for that is that paging cycle equals to DRX cycle, i.e. UE has the same period to wake up to receive downlink data. Moreover, with shorter RRC release timer value, UE has to establish RRC connection more frequently, which may consume more power than handover procedure due to more numbers of signaling in RRC connection setup procedure. Therefore, when the paging cycle is comparable with DRX cycle, to release RRC connection of a UE with no data tx/rx or not has no evident difference from the power saving point of view. 
Observation 2: When a DRX cycle of 320ms or longer is used, releasing or keeping the RRC connection of a UE which has no data to receive or transmit does not affect the UE power consumption.
Proposal 1: We propose to capture the above results and observations in the TR.
Proposal 2: We propose RAN2 to discuss the issues of keeping UEs RRC connected without considering the power consumption. 

2.4
Discussion

The radio configuration for a UE should be compatible with the QoS indicated from the core network. With respect to the DRX configuration, the main constraint is the maximum long DRX cycle length. The configuration of a short DRX cycle may help to increase the long DRX length while fulfilling the same QoS requirements. The network may further minimize the UE power consumption by using a shorter DRX inactivity timer and a shorter on duration.

Given the current results, when a 640ms long DRX cycle timer is used, even without further optimizations, the UE power consumption is already low and the room for improvement seems rather small.

Proposal 3: We propose RAN2 to discuss the need for further optimization of UE power consumption.
3
Conclusion
In this document, we present the simulation results of UE power consumption in RRC connected state and idle state and the average power consumption for background and IM traffic when the RRC connection is maintained  shorter or longer after the last data transmission. We conclude that:
-
with a very short DRX cycle (40ms), the RRC release timer value has a large influence on UE power consumption.
-
with a DRX cycle of 320ms or longer, releasing or keeping the RRC connection of a UE which has not data to receive or transmit does not affect the UE power consumption.
-
when a 640ms long DRX cycle timer is used, even without further optimizations, the UE power consumption is already low and the room for improvement seems rather small
Proposal 1: We propose RAN2 to discuss the above results and observations and capture them in the TR. 
Proposal 2: We propose RAN2 to discuss the issues of keeping UEs RRC connected without considering the power consumption.
Proposal 3: We propose RAN2 to discuss the need for further optimisation of UE power consumption.
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Appendix

Table 2 Simulation Assumptions
	Parameter
	Assumption

	Simulation time
	1200 s

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 19 sites, 3 cells per site, with wrap-around

	Number of UEs
	2 per cell

	Inter-site distance
	500m

	UE speed
	3, 30, 60, 90 Km/h

	Paging cycle
	640 ms

	RRC release timer values
	1s, 4s, 15s, 30s, Infinity

	DRX cycles
	40 ms, 320 ms, 640 ms

	DRX inactivity timer
	2ms

	On_duration timer
	4ms

	DRX retransmission timer
	4ms

	UE trajectory
	20%UEs select direction randomly between -45 and 45 degrees, while others run directly. And the ones which run out of the 19*3 range will be wrap-arounded back.

	Handover A3 offset
	3dB

	TTT
	0ms

	L3 filter coefficient k
	4

	Antenna configuration
	2 tx , 4 rx (CELL) ; 1 tx, 2 rx (UE)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
[image: image13.wmf]etilt
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm – 10MHz carrier

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Channel model
	Large Fading channel model

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Lognormal shadowing model
	Reference to B1.4.1.4 in UMTS TR30.03

	Lognormal shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50 ms

	Shadowing correlation
	Between sites
	0.5
1

	
	Between cells
	

	Penetration loss
	20dB

	CQI measurement period
	5 ms

	SRS reporting period
	5 ms

	Number of RLC ARQ max transmit
	16

	Number of MAC HARQ max transmit
	3
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