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1	Introduction
In this paper, we provide an overview of the UE power consumption issues in the uplink. While the focus so far has been on DL power consumption particularly in connected mode, it is useful to study the power consumption issues related to the uplink also. 
[bookmark: _Ref178064866]2 UE power consumptions in UL
UE transmissions on uplink contribute to UE power consumption, including PUCCH/PUSCH transmissions, SRS, etc and these are typically in response to downlink transmissions from gNB (e.g. PDCCH, etc). Therefore, it seems any reduction of the frequency of the DL transmission, equally saves power in the uplink also. Therefore, UL transmission and its associated power consumption should be considered in the studies.
An example, is shown in table below, where the uplink power consumption for an LTE implementation is shown, with a certain BW, data rate, and number of transmit chains, for different transmission power. Typically, as the transmit power of the UE increased (e.g. because of pathloss), the PA power can increase dramatically. Compared to PA, the baseband power consumption variation may not be as significant, especially when the PA is operated at full power. 

	 
	0dBm
	10dBm
	23dBm

	Baseband
	1
	1
	1

	RFIC
	0.5
	0.5
	0.7

	PA
	0.1
	0.44
	3.5



The above shows that it is important to take uplink into account in overall power consumption.  
[bookmark: _Toc525935929]UL power consumption plays a key role in the whole UE power consumption. Particularly, the PA consumption can become a dominant factor.

Similar adaptation (as for downlink) can be applied for uplink, e.g. time, frequency, BW, number of CCs, duration of the DRX (leading to lower number of PUCCH/PUSCH transmissions) and MIMO order.
2.1 Adaptation on the uplink
For time adaptation, as in the case of DL, time is also a highly valuable resource in UL transmission. Indeed, power consumption is a linear function of the time, while it is not exactly linear in other cases, e.g. the BW. Therefore, reducing the time spent on PUCCH/PUSCH transmission leads to reduction of the UL power consumption. 
For frequency adaptation, it is possible that for the case of UL, frequency related power consumption issues can become more important than the DL. The higher the frequency, the much higher the attenuation, and thereby a much higher transmission power. This results in a very much power-hungry PA which can consume a much higher power. 
For BW adaptation, as in the case of DL scenarios, the higher the BW in UL, the higher is the power consumed. However, higher BW for the same spectral efficiency leads to a higher data rate and thus lower time. Therefore, in adapting the BW, trade-off with the time needs to be considered. 
[bookmark: _GoBack]For antenna adaptation, increasing the number of Tx chains leads to a higher power consumption in the UE. Therefore, if the link performance limitations allow for a lower number of Tx chains, reducing the number of antennas can save some power. This can be even more pronounced in FR2 where if a beam is not used, the associated antennas can be turned off. Despite the above discussion, in the case of multiple antenna systems, special care needs to be given as in some cases, indeed, the UE maybe able to reduce the total Tx power consumption compared to the lower numbers if the array gain is high enough.
In certain cases, the UE can help the NW in making the decisions about UE scheduling decisions such that power consumption issues are also considered in the NW decision making. E.g., UE can provide indications to the NW regarding the traffic, power and so on.

[bookmark: _Toc525935930]Adaptation of the power consumption characteristics of a UE in the uplink such as time, frequency, BW, MIMO order can be considered in saving power. Nevertheless, there is always an inherent trade-off which needs to be considered.

Based on the above discussions and observations, we propose the following. 
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Conclusion
In the previous sections, the following observations and proposals were made: 
[bookmark: _Hlk525730507]Observation 1	UL power consumption plays a key role in the whole UE power consumption. Particularly, the PA consumption can become a dominant factor.
Observation 2	Adaptation of the power consumption characteristics of a UE in the uplink such as time, frequency, BW, MIMO order can be considered in saving power. Nevertheless, there is always an inherent trade-off which needs to be considered.

Proposal 1	RAN 1 should consider both uplink and downlink power consumption while evaluating power saving techniques.
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