Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #94
R2-163931
Nanjing, China, 23-27 May, 2016
Agenda Item:
8.9.1
Source: 
Huawei, HiSilicon
Title:  
Analysis of power consumption for paging area update
Document for:
Discussion
1 Introduction
In this contribution, we will make a quantitative analysis of the possible power consumption for paging area update which is discussed in [1].
2 Discussion
2.1 Evaluation assumptions and methodology
In the evaluation, as shown in the following figure1, a simplified UE power consumption model for DRX as discussed in [2] is used, for which the detail parameters are also listed in Annex A.1.
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Figure1: Time parameters for DRX
For the paging area update procedure, we assume that the UE transmits paging area update in Msg3 and receives confirmation in Msg4. The procedure for transmission of Msg3 in [3] is used as the baseline for power consumption modelling for paging area update, which is also listed in Annex A.2. We assume 
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 (for step 2 and step 6) is assumed for transmission of preamble and paging area update.
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Figure2: Time parameters for transmission of paging area update. 
2.2 Basic Power consumption per hour with configured DRX
In the evaluation of the power consumption, we define
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as the basic power consumption of a UE in one hour of “DRX maintenance” (i.e. power consumption when neither data transmission nor signalling transmission is performed), which could be calculated as:
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In addition, we define
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 as the power consumption for paging area update in one hour, which could be calculated as:
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Where, 
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 is the number of paging area update in one hour, which is depended on the UE speed and radius of paging area. 
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 is calculated in Annex 1.3
In the below table, the 
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 as the function of DRX cycle with 1ms on Duration Time is shown:
Table 1 
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[units]
	DRX Cycle
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 [units]

	320
	425812

	640
	230906

	1280
	133453

	2560
	84726


In the below table, power consumption for paging area update (PA-Update) and the ratio of PA-Update to the basic power consumption (P-Basic) are shown:
Table 2 PA-Update [units] and PA-Update/P-Basic
	      Radius of Paging area

	1 cell
	2 cell
	 3 cell
	4cell

	UE speed
	PA-Update

(units)
	PA-update/

P-Basic
	PA-Update

(units)
	PA-update/

P-Basic
	PA-Update

(units)
	PA-update/

P-Basic
	PA-Update

(units)
	PA-update/

P-Basic

	3
	477 
	0.1%-0.6%
	239 
	0.1%-0.3%
	159 
	0.04%-0.2%
	119 
	0.03%-0.1%

	10
	1592 
	0.4%-1.9%
	796 
	0.2%-0.9%
	531 
	0.1%-0.6%
	398 
	0.1%-0.5%

	20
	3183 
	0.7%-3.8%
	1592 
	0.4%-1.9%
	1061 
	0.3%-1.3%
	796 
	0.2%-0.9%

	50
	7958 
	
	3979 
	
	2653 
	0.6%-3.1%
	1989 
	0.4%-2.3%

	120
	19099 
	
	9550 
	
	6366 
	
	4775 
	1.1%-5.6%

	Average
	
	0.4%-2%
	
	0.2%-1%
	
	0.2%-1%
	
	0.4%-2%


Note: We assume the eNB will not configure very small paging area for fast moving UE, so the result marked as grey will not be considered in the evaluation.
In summary, transmission of paging area updates will increase the basic power consumption for a UE by 0.4%-2% in average. Furthermore, considering that the UE will have additional power consumption for data transmission the power consumption for paging area update will contribute even less, in percentage, to the UE total power consumption.
Conclusion 1: Transmission of paging area update will increase the basic power consumption for a UE by 0.4%-2% in average. 

Conclusion 2: Considering that the UE will have additional power consumption for data transmission in addition to the basic power consumption, the power consumption for paging area updates will contribute even less, in percentage, to the UE total power consumption.

3 Conclusion

In this contribution, we made a quantitative analysis of the possible power consumption paging area update, and the following conclusions:
Conclusion 1: update of paging area will increase the basic power consumption for UE by 0.4%-2% in average. 

Conclusion 2: Considering the UE will have additional power consumption for data transmission in addition to the basic power consumption, the power consumption for paging area update will contribute even less percentage of the UE total power consumption.
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5 Annex A
A.1 Power consumption model
A simplified UE power consumption model is illustrated as below. 
Table 4: UE power consumption model parameters
	Parameter
	Value
	Comments
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	1 unit/ms
	Power consumed for RX. For simplicity, it applies during both 
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	1-4 unit/ms
	Power consumed for TX, which is transmit power relevant.

The value is 1 unit/ms when transmit power is 0dBm and below, and is 4 unit/ms when transmit power is 23dBm. Linearly scaled with transmit power in between 1mW and 10^2.3mW.
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	0.01 unit/ms
	Power consumed during sleep mode, including power consumed for low accuracy clock and memory maintaining, leakage current (e.g. caused by power management unit), etc.
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	34 ms
	Time for UE preparation, which consists of the warm-up time, cell search and synchronization time. Here, the minimum requirement for UE SCell activation for Rel-10 CA is referred (assuming the SCell can be successfully detected on the first attempt).
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	1 or 2 ms

	Time that UE is on duty. For idle mode, the value is 1ms (one paging occasion). For connected mode, it is assumed that the value is configured as 2ms (onDurationTimer).
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	0 ms
	Time for UE shutdown. Here, it is omitted because generally the value is less than 0.5ms.


NOTE: For the consumed power, values after quantization (in number of unit) rather than that in Ampere or Watt are assumed. 
A.2 Paging Area update model
Table 16.2.1-1: Transition time from Idle to Connected mode in TR 36.912
	Component
	Description
	Time (ms)

	step1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	step 2
	RACH Preamble
	1

	step 3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	step 5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	step 6
	Transmission of RRC and NAS Request  [equal to Paging Area Update]
	1

	step 7
	Processing delay in eNB (L2 and RRC)
	4

	step 8
	Transmission of RRC Connection Set-up (and UL grant) [equal to Paging Area Update Confirm]
	1


A.2 Calculation of 
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We start with the assumption of a hexagonal cell pattern, where every cell has 6 neighbour cells. This result in the following number of cells paged depending on how wide the page target area is:
Table 4: paging area szie
	
	Last cell
	One ring
	two rings
	Three rings

	Size [cells]
	1
	7
	19
	37

	Radius[cells]
	1 
	2
	3
	4
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The last known cell is the last cell where UE is known to eNB, we assume a UE centric paging area is configured to UE in the last known cell. The ISD is assumed as 500m. 
[image: image40.wmf]hour

per

update

PA

N

-

-

-

 is shown in the following table:
	      radius of Paging area
UE speed[km/h]
	1 cell
	2 cell
	 3 cell
	4cell

	3
	9 
	5 
	3 
	2 

	10
	30 
	15 
	10 
	8 

	20
	60 
	30 
	20 
	15 

	50
	150 
	75 
	50 
	38 

	120
	360 
	180 
	120 
	90 
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