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1. Introduction
This text proposal is to capture in TR 36.885 the power consumption analysis for Uu-V2P.
2. Text proposal
Change 1
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8.3
Power consumption analysis

This section provides the power consumption analysis result for V2P services.
Reception of the paging and (WAN) synchronization only case can be considered as a baseline for power consumption analysis for V2P services [18]. The paging cycle of 1.28 seconds is assumed as shown in [4]. The power consumption occurs from WAN synchronization, paging and sleep power during the paging cycle. The equation and the analysis result for this baseline model is as follows:
· Baseline: 
(WAN synchronization power + Paging power + Sleep power)/(Paging period)
= (8 subframe*1 unit+1 subframe*1 unit+(1280-(1+8)) subframe*0.01 unit)/1280 subframe
= 0.017 unit/subframe
In PC5-based V2P/P2V, it is observed that the scenario of P-UE TX to V-UE RX is more battery efficient than the scenario of V-UE TX to P-UE RX. It is noted that this observation is made based on evaluations from a limited number of companies.
Figure 8.3-1 shows the result for PC5-based V2P for the two scenarios relative to the baseline power consumption with and without GPS reception power; the first scenario where V-UE is the transmitter (the left case of Figure 4-1(c)) and the second scenario where P-UE is the transmitter (the right case of Figure 4-1(c)).
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Figure 8.3-1: Power consumption in PC5-based V2P services
In Uu-based V2P/P2V, the multi-cell (7cell clustering) broadcast scheme is assumed as shown in Figure 1 in [19] (i.e., a cell transmits message generated in it in one subframe out of a set of 7 subframes, and it transmits messages generated in neighboring cells in the remaining 6 subframes of the set). In addition, each pedestrian UE knows which subframe is used for transmission of messages generated in which cell. Then, a UE can determine in each subframe whether one of the messages transmitted in the subframe potentially is generated by a vehicle within the target range from it. If so, the UE attempts to receive it, and goes to idle otherwise. As a result, the location of each pedestrian UE determines how many subframes the UE needs to monitor, and this is equal to the number of cells overlaps with the circle having the radius of the target range. 

Figure 8.3-2 shows an example of cell deployment and road grid. If the reception coverage of P-UE is the 75m, the ratio of the region which requires reception from 1, 2, 3 and more than 3 cell is about 12, 27, 60, and 0% of total sidewalk, respectively. 

For 100% usage of DL subframes, the average power consumption becomes 0.354 units/subframe (i.e. 0.354=(1*0124+2*0.273+3*0.604)/7) where  the power consumption becomes 1 units/subframe if the UE monitors all the subframes. It can be generalized as “0.354*X units/subframe” where X is the portion of DL subframes used for V2P transmissions. Table 8.3-1 and Figure 8.3-3 show the ratio of V2P Rx power consumption to baseline power consumption, with consideration for the portion of DL subframes used for V2P transmissions.
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Figure 8.3-2: Uu-based V2P for 7cell clustering
Table 8.3-1: Ratio of V2P Rx power compared to paging power
	Portion of DL subframes used for V2P transmissions
	10%
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	100%

	P-UE Rx for Uu V2P (w/o GPS)
	2.08
	4.16
	6.25
	8.33
	10.41
	12.49
	14.58
	16.66
	18.74
	20.82

	P-UE Rx for Uu V2P (with GPS)
	6.79
	8.87
	10.95
	13.04
	15.12
	17.20
	19.28
	21.36
	23.45
	25.53 
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Figure 8.3-3: Ratio of V2P Rx power compared to paging power (considering the portion of DL subframes used for V2P transmissions)
For Uu-based P2V Tx case, the power consumption depends on the scheduling methods. Both dynamic (i.e. SR w/o BSR and SR w/ BSR) and semi-persistent (i.e. SPS) scheduling methods can be considered. The baseline model for P2V power consumption is same as V2P case as described above. 
Basically, WAN synchronization is needed once per (P2V) data Tx (e.g. per 1 seconds). For P2V data Tx period of 1 seconds, the P-UE should receive 1/1.28 paging occasion in average. The power consumption occurs from WAN synchronization, paging, SR / BSR Tx (for dynamic scheduling), UL grant reception (for dynamic scheduling), P2V Tx, and sleep power during the P2V data Tx period. The interval between SPS activation / deactivation is different case by case and it can be assumed to be large enough compared to the SPS periodicity. Hence, no DCI reception for SPS activation / deactivation is assumed. Tx power for P-UE is assumed as 23dBm which is interpreted as 4 units in D2D power consumption model. The equations and the analysis results for P2V Tx are as follows:

· P2V – SR w/o BSR:  

(WAN synchronization power + Paging power + SR Tx power + UL grant Rx power (for data Tx) + Data Tx power + Sleep power)/(Data Tx period) + GPS power

= (8 subframe*1 unit + (1/1.28) subframe*1 unit + 1 subframe*4 unit + 1 subframe*1 unit + 1 subframe*4 unit + (1000-(8+1/1.28+1+1+1)) subframe*0.01 unit)/1000 subframe + 0.08 unit/subframe

= 0.0277+0.08 = 0.108 unit / subframe

· P2V – SR w/ BSR:  

(WAN synchronization power + Paging power + SR Tx power + UL grant Rx power (for BSR) + BSR Tx power + UL grant Rx power (for data Tx) + Data Tx power + Sleep power)/(Data Tx period) + GPS power

= (8 subframe*1 unit + (1/1.28) subframe*1 unit + 1 subframe*4 unit + 1 subframe*1 unit + 1 subframe*4 unit + 1 subframe*1 unit + 1 subframe*4 unit + (1000-(8+1/1.28+1+1+1+1+1)) subframe*0.01 unit)/1000 subframe + 0.08 unit/subframe

= 0.0326+0.08 = 0.113 unit / subframe

· P2V – SPS:  

(WAN synchronization power + Paging power + Data Tx power + Sleep power)/(Data Tx period) + GPS power

= (8 subframe*1 unit + (1/1.28) subframe*1 unit + 1 subframe*4 unit + (1000-(8+1/1.28+1)) subframe*0.01 unit)/1000 subframe + 0.08 unit/subframe

= 0.0227+0.08 = 0.103 unit / subframe

For P-UE TX case, it can consider some additional wake-up (or monitoring time) at the UE side around the actual TX subframe, e.g., to monitor whether eNB sends additional UL grant for retransmission. Table 8.3-2 and Figure 8.3-4 show the ratio of P2V Tx power consumption to baseline power consumption, with consideration for the additional monitoring time. It can be shown that the power consumption is increased linearly as the monitoring time increases. However, the message generation rate is rather low (e.g., 1Hz), the power consumption of P2V with some reasonable monitoring time (e.g., up to 100ms) of V2X message may be still lower than V2P with more than 40% of DL resource usage.
Table 8.3-2: Ratio of P2V Tx power compared to paging power
	Monitoring time
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	SR w/o BSR
	w/o
GPS
	1.63
	2.21
	2.79
	3.37
	3.96
	4.54
	5.12
	5.70
	6.29
	6.87
	7.45

	
	w/ 
GPS
	6.33
	6.92
	7.50
	8.08
	8.66
	9.24
	9.83
	10.41
	10.99
	11.57
	12.16

	SR w/ BSR
	w/o
GPS
	1.92
	2.50
	3.08
	3.67
	4.25
	4.83
	5.41
	6.00
	6.58
	7.16
	7.74

	
	w/ 
GPS
	6.63
	7.21
	7.79
	8.37
	8.96
	9.54
	10.12
	10.70
	11.28
	11.87
	12.45

	SPS
	w/o
GPS
	1.33
	1.92
	2.50
	3.08
	3.66
	4.25
	4.83
	5.41
	5.99
	6.58
	7.16

	
	w/ 
GPS
	6.04
	6.62
	7.20
	7.79
	8.37
	8.95
	9.53
	10.12
	10.70
	11.28
	11.86
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Figure 8.3-4: Ratio of P2V Tx power compared to paging power (considering the monitoring time)
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