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1 Introduction
In last meeting, there was some discussion on UE current consumption impact due to UL CLTD. In this contribution, we also give some analysis on UE power consumption and we focus on the total power consumption including not only PA but also baseband, transceiver, and etc. The assumption and calculation are the same for OLTD and CLTD so that the same conclusion might apply to both cases.
2 Discussion
2.1 Power consumption analysis
Figure 1 shows the efficiency characteristic of a PA with dynamic voltage scaling which is quoted from Figure 37 in [2]. In this contribution, we also used this efficiency curve for our analysis.
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Figure 1: PA Efficiency with Dynamic Voltage Scaling (DVS) or Average Power Tracking (APT)
For the UE power consumption analysis, both PA power consumption and total power consumption including UE's other circuitry (i.e. baseband, transceiver, etc.) are considered. The following assumptions are used:
1. ULTD UE using 2 full power PA with efficiency characteristic in figure 1;
2. UE's other circuitry in the calculation assumed to 590 mw in [2].
Power consumption with respect to the legacy UE is shown in table 1. PA power saving and total power saving are defined as below:
PA power saving= (legacy UE PA power consumption - ULTD UE PA power consumption) / legacy UE PA power consumption
Total power saving= (legacy UE total power consumption - ULTD UE total power consumption) / legacy UE total power consumption
The results of power consumption savings are given in case of ULTD gain of 1 dB, 2 dB and 3 dB with legacy UE output power of 20dBm, 10dBm and 0dBm. For example, with 2 dB ULTD gain, when the legacy UE transmits at 20dBm, the ULTD capable UE transmits at 15dBm at each antenna (resulting in total power of 18dBm). 
Table 1 Current consumption gain compared to non-ULTD legacy UE assuming the use of 2 full power PAs
	          Pout at antenna
ULTD gain
	20dBm
	10dBm
	0dBm

	1dB
	PA power saving
	6.60%
	-31.40%
	-99%

	
	Total power saving
	3.60%
	-6.40%
	-7.80%

	2dB
	PA power saving
	21.90%
	-16%
	-75.70%

	
	Total power saving
	12%
	-3.30%
	-6%

	3dB
	PA power saving
	33.30%
	-3.60%
	-57%

	
	Total power saving
	18.20%
	-0.70%
	-4.50%


As shown in table 1, it is noted that there is significant additional PA power consumption loss compared to the legacy UE in low and mid transmit power ranges. The percentage of the total power consumption loss is much lower because the PA power consumption is marginal comparing with the power consumption in the ancillary circuitry. The total power consumption will reduce further using 1 full power PA and 1 half power PA and it maybe still have gain of power saving in some cases of middle or low power ranges. The real battery life gain/loss is dependent on UE implementation and the choice of a PA. 
2.2 System benefit for ULTD
The total power consumption efficiency is slightly reduced for ULTD UE in mid and low UE transmit power ranges, but the UE can transmit at a lower output power level to meet the same SNR requirement in BS receiver comparing with non-ULTD legacy UEs. The lower output power of UE in adjacent cell would result in lower system noise and increase of system capacity. The table shown below was from [3] and it’s clear that the system benefit can be observed for CLTD enabled in the full power ranges. If CLTD is disabled in mid and low power ranges, the CLTD benefit could be compromised.
Table 2 Average UE Throughput for PA3
	Number of UE
	0.25
	0.5
	1
	2
	4
	10

	CLTD Pract. (kbps)
	1652 
	1574 
	1390 
	1100 
	664 
	216 

	CLTD Genie (kbps)
	1693 
	1619 
	1440 
	1136 
	685 
	226 

	Baseline (kbps)
	1468 
	1393 
	1210 
	918 
	529 
	155 

	Pract. gain (%)
	12.5 
	13.0 
	14.9 
	19.8 
	25.6 
	38.9 

	Genie gain (%)
	15.3 
	16.2 
	19.0 
	23.7 
	29.6 
	45.1 


3 Conclusion
In this contribution, we give some calculation on UE power consumption and we focus on the total power consumption including not only PA but also baseband, transceiver and display.
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