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Introduction
In RAN #80, UE power saving SI has been approved [1] with following objectives:
1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a. Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
i. (Note: existing UE capabilities are assumed for UE processing timeline)
ii. Network and/or UE assistance information
iii. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b. Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics

2. Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3. Study the enhancement of higher layer procedures for UE power saving [RAN2]
a. Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
b. Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

As a part of RAN1 study, UE power consumption characteristics based on the operating bandwidth, UE active time, number of RF chains active for Tx and Rx, DRX configurations, and UE processing timeline needs to be investigated. In this contribution, we discuss on the power consumption characteristics based on the adaptation for power saving.
Discussions
A UE receiver can be modelled with two modules such as RF front-end and baseband, where RF front-end module includes filters, low noise amplifier (LNA), phase locked loop (PLL), downconverter, and ADC; and baseband module performs demodulation of received signals. Based on the traffic, adapting RF components (e.g., on/off RF chains, changing sampling rate) and baseband complexity (e.g., clock speed) could significantly reduce power consumption.
The number of active antennas could be adapted by turning off a subset of antennas at a UE which could reduce power consumption significantly in RF module. The power consumption reduction could be a linear scale based on the number of antennas. 
Also, adapting receiver architectures (or modes) with different capabilities can be considered for power saving. For example, a low power consumption receiver with a limited capability (e.g., maximum modulation order is limited to QPSK) could be additionally used on top of a regular receiver (e.g., full capability). Based on the power consumption ratio between lower power consumption receiver and regular receiver, the power consumption could be linearly scaled.
Proposal 1: UE power consumption is linearly scaled based on number of active antennas and/or receiver mode
The operating bandwidth for downlink signal reception will also impact the UE power consumption level as the clock speed will be adapted in baseband based on the operating bandwidth. However, as long as the same receiver is used, the power consumption level in RF module could be the same irrespective of the operating bandwidth. Therefore, we can scale the power consumption of baseband module only based on the operating bandwidth. The same could apply for PDCCH monitoring complexity adaptation. 
Proposal 2: baseband power consumption is linearly scaled based on operating bandwidth while RF power consumption is kept the same 
Assuming that a power saving signal is used, a UE may skip monitoring one or more PDCCH monitoring occasions if the UE doesn’t receive a power saving signal (e.g., wake-up signal) for the associated DRX on-duration(s). The UE power consumption for skipping PDCCH monitoring occasions with DRX could be modelled by linearly scaling the power consumption based on the number of DRX on-durations skipped. In this case, the power consumption for monitoring power saving signal in each DRX on-duration should be taken into account.  
Proposal 3: UE power consumption is linearly scaled based on the number of DRX on-durations skipped 
The table 1 shows an example of UE power consumption model based on the adaptation of RF and BB configurations.
[bookmark: _Hlk525824619]Table 1. UE power consumption model based on adaptation of RF and BB configurations
	
	Power [units/symbol]
	Adaptation time
[ms]
	Notes

	# of active antennas
	N/NTotal * P + Δ1
	0.1
	N: number of active antennas
NTotal: total number of antennas
Δ1: Adjustment factor

	A low power consumption receiver [up to QPSK]
	P_low/P_regular * P
	0.1
	P_low: power consumption level of low power receiver (e.g., max. modulation order to QPSK)
P_regular: power consumption level of regular receiver (e.g., max. modulation order to 256QAM)

	Operating bandwidth
	P*k1 + F_n/F_full * P*(1-k1)
	1
	F_n: operating bandwidth
F_full: carrier bandwidth
k1 ≤ 1: power consumption ratio between RF module and BB module

	PDCCH monitoring
	P*k1 + Nb/44 * P*(1-k1)
	-
	Nb ≤ 44: number of blind decoding 

	Number of carriers
	N_c * P + Δ2
	1
	N_c: number of active carriers assuming independent RF for each component carrier
Δ2: adjustment factor

	DRX On-duration skipped based on WUS/GOS
	D_mon/D_total * P + Δ3
	-
	D_mon: number of on-durations with active state
D_total: total number of on-durations
Δ3: power consumption due to monitoring WUS/GOS



Summary
In this contribution, we discussed on the UE power consumption characteristics based on adaptation techniques for power saving. From the discussions, we propose the following: 
Proposal 1: UE power consumption is linearly scaled based on number of active antennas and/or receiver mode
Proposal 2: baseband power consumption is linearly scaled based on operating bandwidth while RF power consumption is kept the same 
Proposal 3: UE power consumption is linearly scaled based on the number of DRX on-durations skipped
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