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Introduction
In RAN1#94bis meeting, evaluation methodology and assumptions are discussed and achieved many fruitful agreements [1]. While, there are some remaining issues which need to be further studied, including criterion in selection evaluation method, power scaling for FR2 (PDCCH-only, CSI-RS/SSB, PDSCH+PDCCH, PUSH etc), power scaling for reducing PDCCH decoding, formula for UE monitoring number of frequency layer for inter-frequency RRM measurements, power consumption model for combined signals within a slot (eg., PDCCH+CSI), etc. The document will discuss these issues respectively, and provide calibration results based on agreed assumptions.
Discussion on the evaluation methodology and assumptions for UE power saving
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Criterion in selection evaluation method 
Based on agreements in RAN1#94bis, numerical analysis, system level simulation, and link level simulation are included as evaluation methods for power saving proposals. Criterion for selection of the methods is up to each company. This sub-section provides our views on evaluation methodology according to potential techniques for UE power saving.
[bookmark: OLE_LINK20][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK126][bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]As agreements, power saving techniques is including adaptation in time domain, DRX configuration, frequency domain and antenna domain, UE processing time, PDCCH monitoring reduction and assistant information for adaption. Above power saving schemes with evaluation methodology and performance metric are listed as below table.  Furthermore, system overhead could be calculated by numerical analysis if needed.
[bookmark: OLE_LINK111]Table 1 Simulation methodology and performance metric for UE power saving scheme 
	Item
	Evaluation  methodology
	Performance metric

	Time domain/Frequency domain
	Numerical analysis
	UE power consumption,
UE transmission latency

	DRX configuration
	[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51]Numerical analysis
	UE power consumption,
UE transmission latency

	Antenna domain
	[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Numerical analysis /SLS
	UE power consumption,
UE transmission latency,
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]System throughput if needed

	UE processing time
	Numerical analysis
	UE power consumption,
UE transmission latency

	PDCCH reduction
	LLS, SLS
	[bookmark: OLE_LINK56][bookmark: OLE_LINK57]UE power consumption,
UE transmission latency
System throughput if needed

	Assistant information for adaption
	Numerical analysis
	UE power consumption,
UE transmission latency

	RRM measurement reduction
	LLS, numerical analysis
	Measurement accuracy, 
UE power consumption



[bookmark: OLE_LINK62][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal1: UE power saving schemes are subject to be evaluated by numerical analysis, link level simulation or system level simulation. Above evaluation methodology for different power saving scheme could be as the reference for evaluation

Power scaling for reducing PDCCH decoding
[bookmark: OLE_LINK83]In RAN1#94bis, power scaling scheme for power reduction due to PDCCH candidates processing reduction is discussed. PDCCH processing is including AL selection, CCE number configuration, and blind decoding.   Before PDCCH blind decoding, there would be power consumption on the front signal processing, such as FFT, channel estimation and compensation for PDCCH, and control information, such as resource mapping and received signals I/O to the memory. The scaled power consumption within a slot could be used for the reduced PDCCH blind decoding.  In order to achieve 36 time blind decoding in UE-specific search space, the Polar decoder needs to accelerate for pipeline processing.  The number of blind decoding reduction will be the linear reduction of number of Polar decoding. The power consumption of the front end processing, such as FFT and channel estimation, before the PDCCH decoding, is at the Δ(unit/slot).  Based on the decoding throughput, area efficiency, and power efficiency of the Polar and LDPC decoding shown in [9], the power consumption of the preprocessor Δ should be set at 20 U as shown in Table 2 .  

Table 2 PDCCH blind decoding scaling
	Parameters
	Power [units/slot] 
	Notes 

	PDCCH blind decoding 
	[bookmark: OLE_LINK72][bookmark: OLE_LINK76][bookmark: OLE_LINK77]B/36 * P + Δ 
	B is the number of PDCCH  blind decoding comparing to 36 blind decoding, Δ is the power consumption of signal processing , such as FFT,  channel estimation/compensation and other signal processing before blind decoding and Δ=20 U


Note: UE power consumption on PDCCH procedure P= UE power consumption on PDCCH-only – UE power consumption on micro-sleep at 2 PDCCH symbols - Δ = 100-45*2/14= 93.5 - Δ (unit/slot)
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]Proposal 3: Power scaling scheme for PDCCH reduction could be linearly scaled to BD number within a slot. 

Power consumption discussion on RRM measurement
After RAN1#94bis, email discussion continues to define basic power consumption for RRM measurement. While, how to combine RRM measurement and cell search is leaved to FFS. 
[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK127][bookmark: OLE_LINK133][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK117]In [3], requirement is defined TPSS/SSS_sync and TSSB_measurement_period as cell identification and RRM measurement in RRC_CONNECTED mode, and Tdetect,EUTRAN_Intra/Inter for  cell identification and at least one DRX-cycle to get one RRM measurement L1 sample in RRC-IDLE/INACTIVE mode. Neighbor cell search should be performed in periodically due to variability of wireless channel and UE mobility. RRM measurement could be performed periodically after the search of neighbor cell PSS/SSS. Both neighbor cell search and RRM measurement could be based on the SSB.
[bookmark: OLE_LINK134]The power consumption of the cell search is dependant to number of detected cells and channel quality measurements.  The cell search is usually consisting of a set of 8 parallel processors to support up to 8 neighboring cell detection.   Considering different time requirement for cell search and RRM measurement, e.g., when DRX cycle is configured as less than 320ms, 600ms TPSS/SSS_sync and 200ms TSSB_measurement_period is required for neighbor cell search and RRM measurement. The additional power consumption reduction due to non-frequent cell search could be considered. While, total power consumption combining cell search and RRM measurement could be FFS.
[bookmark: OLE_LINK65]Proposal 4: RRM measurement and neighbor cell search could be combined as total power consumption, and value is FFS.

Power consumption model for combines signals within a slot
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK137]Considering UE procedure, UE could handle multi-procedures at the same slot, e.g., UE could receive SSB and PDCCH-only at the same slot. The power consumption for PDCCH-only is measured on at the first two symbols of the slot.   The rest 12 symbols would be the power consumption of the micro sleep, where each symbol is in average at 3.3unit/per symbol.  Since the power consumption is the average power per slot, the power consumption of combined signal processing should be derived by replacing the power consumption of micro sleep for that symbol to the power consumption of certain signal processing, such as CSI measurements. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 5: The power consumption of combined signals within a slot is to replace the power consumption of micro sleep at each symbol to the power consumption of the signal processing, such as CSI measurements or PDCCH only. 

Power consumption model for power saving signal
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Power saving signal is an effective power saving scheme to reduce PDCCH monitoring.  As reference for power saving signal design, it provides different power consumption receivers with related parameter and configuration. Receiver power consumption is from tens of W to nW, details are listed as following table. From the configuration, it can be observed that lower power consumption can be designed by simple baseband circuit, e.g., integrator, sequence detection. The related receiver sensitivity is from -64dBm to -97dBm which could be used in different coverage scenario. Transmission data rate and wakeup latency could be used in traffic type for different latency requirement. The summary of low power consumption receiver is listed as following table.
Table 3 Parameter configurations for different power consumption receiver 
	Ref.
	Data rate (kbps)
	Sensitivity(dBm)
	Power (W)
	Voltage (V)
	Modulation type
	Operation frequency (GHz)
	BER
	Base-Band
	Wakeup latency (ms) 

	[4]
	10 /50
	-97 /-92
	99
	0.5
	OOK
	2.4 
	
	[bookmark: OLE_LINK105][bookmark: OLE_LINK106]integrator
	/

	[5]
	0.3
	-69
	0.0045
	0.4
	OOK
	0.113
	
	[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Sequence detection 32 bits

	50

	[6]
	1.024

	-80
	6.9
	2.5
	OOK
	2.4 
	/
	Sequence detection 32 bits

	30

	[7]
	100
	-72
	52
	0.5
	/
	2 
	
	/
	/

	[8]
	100
	-64 /-75
	51
	/
	OOK
	2.4 /0.915 
	/
	integrator
	/



For the purpose of evaluation, almost similar assumption or even lower power assumption could be used for power saving signal, e.g., 1/slot unit, 0.1unit/slot, even less than 0.1unit/slot.

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Proposal6: for evaluation purpose, power consumption of power saving signal could be reused deep sleep power consumption 1unit/slot, 0.1unit/slot, even less than 0.1unit/slot.

Procedure modeling on tracking and CSI processing
In RAN1#94bi, power consumption model is defined.  The UE power consumption model of UE procedure should be based on all UE signal processing, which include the front end processing and signal processing of the feature.  The front signal processing includes the channel tracking and CSI processing procedure before the start of the ON period of DRX. The front end processing could use the SSB for the time and frequency tracking as well as the channel estimation. . On the other hand, before gNB scheduling, CSI information is also needed by means of UE reporting. The power consumption on the front end processing before PDCCH monitoring and PDSCH reception is needed to be modeled. The procedure of UE channel tracking and CSI is illustrated as following figure.

[image: ]
Figure1: procedure of UE channel tracking and CSI
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Proposal7: It is necessary to model the power consumption of the front end processing before real activation to get complete knowledge of DRX ON/OFF switching.

Calibration results  
In this section, basic calibration of traffic modeling, FTP3 and VoIP model are provided. As assumption, C-DRX inactivity timer is triggered by a new transmission. During inactivity timer activated time, UE needs to monitor PDCCH until inactivity timer is expired. MAC-CE scheme to terminate inactivity timer in advance did not support in the evaluation. Simulation parameters are aligned with [1]. Calibration results for FTP3 model and VoIP model with C-DRX and no-DRX are listed as following figures.
 (
Fi
gure2: calibration results for FTP3 with C-DRX and no-DRX
)[image: ][image: ]
 (
Figure3: calibration results for VoIP with C-DRX and no-DRX
)[image: ]

From the evaluation results, it could be observed that:
· When  C-DRX is configured,
· PDCCH-only time ratio is increased with higher traffic load for FTP3.
· PDCCH+PDSCH time ratio is varied little because fast transmission time is achieved for both 0.1Mbytes FTP3 and VoIP due to high transmission rate.
· When no-DRX is configured, 
· PDCCH+PDSCH ratio and PDCCH time ratio is varied little due to high data transmission rate and small packet size for both FTP3 and VoIP.
Observation1: time ratio for FTP3 and VoIP are observed. 
Conclusion
In this contribution, we provide our considerations on remaining evaluation methodology and assumptions, and we have the following proposals:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal1: UE power saving schemes are subject to be evaluated by numerical analysis, link level simulation or system level simulation. Above evaluation methodology for different power saving scheme could be as evaluation reference.
Proposal 2: Power scaling scheme for FR2 could reuse FR1 scaling scheme. For multiple beam processing in FR2, need X% additional power consumption compared to available mode. X% is FFS. 
Proposal 3: Power scaling scheme for PDCCH reduction could be scaled to BD number within a slot. 
Proposal 4: RRM measurement and neighbor cell search could be combined as total power consumption, and value is FFS.
Proposal 5: The power consumption of combined signals within a slot is to replace the power consumption of micro sleep at each symbol to the power consumption of the signal processing, such as CSI measurements or PDCCH only.    
Proposal6: for evaluation purpose, power consumption of power saving signal could be reused deep sleep power consumption 1unit/slot, 0.1unit/slot, even less than 0.1unit/slot.
Proposal7: It is necessary to model the power consumption before real activation to get complete knowledge of DRX ON/OFF switching.
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