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Introduction
In RAN#80 meeting, UE power saving SID [1] was approved. One of the objectives for UE power saving is to identity techniques for the UE power saving study. The evaluation methodology is defined to evaluate the power saving quantitatively of the identified UE power saving techniques. In this document, it provides the performance metrics, evaluation methodology, UE power consumption modeling and assumptions for UE power saving.
Discussion on the evaluation methodology for UE power saving
Based on agreements of SID, there are some candidates for UE power saving scheme, including:
· UE adaptation to the traffic and UE power consumption in frequency, time, antenna, DRX configuration, UE processing timeline.
· Power saving signal/channel/procedure for triggering adaptation of UE power consumption. 
· UE power consumption reduction in RRM measurements in synchronous and asynchronous network.
Performance metrics
In order to justify the power saving of different UE power saving schemes. It is necessary to define the performance metrics, UE power consumption modeling and simulation assumptions.
The following performance metrics are defined for the evaluation of different power saving schemes and its impact to the UE and network performance:
· Modeling of UE power consumption characteristics
· Additional latency of achieving power saving
· Network resource utilization
· Link/system performance at UE/network
The evaluation methodologies for the performance evaluation of UE power saving include the link level simulation, numerical analysis, system level simulation, link budget analysis. 
[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75]UE power consumption modeling is critical to quantify the amount of the power saving of any proposed power saving schemes. The deployment scenarios, system level and link level configurations and operations, e.g., DRX-configurations, system load are also part of the evaluation methodologies.  
UE power consumption state 
The UE power consumption states include the network access state and the power efficient state. Network access state is characterized by the normal power consumption of PDSCH reception and PDCCH decoding when no any enhancement of power saving scheme is used based on NR-R15 feature. The power efficient state is the state that UE operation with reduced power consumption, such as deep sleep, light sleep, and micro sleep when there is no data transmission is occurred. The power efficient state could also include the PDSCH reception or PDCCH decoding with reduced power by the power saving scheme with the adaptation in antenna, frequency, time, DRX configuration, and UE processing time. Furthermore, additional two power consumption needs to be considered as below.
· UE power consumptions during state transition
For deep sleep mode and light sleep mode, UE needs additional time to warm up and warm down to active the components. The UE power consumption from deep/light sleep mode to other power consumption state, e.g., transition from deep sleep mode to network access mode or transition from light sleep mode to network access mode, need to be modeled. 
· Power saving on RRM measurement
Power consumption on RRM measurement includes the preparation of RRM measurements, intra/inter-frequency RRM measurement and serving/neighbor-cell RRM measurement. The study of the power consumption reduction for RRM measurement is to analyze the power consumption for the preparation of RRM measurements and the number of RRM measurements to meet the performance requirements.
Proposal1: for the study of UE power saving scheme, the performance metric, the UE power consumption modeling and simulation parameters need to be agreed.
Power saving signals/channel/procedures
The evaluation of the power saving signals/channel/procedures is to identify the performance of the design in triggering the UE power saving adaptation to the antenna, time and frequency. 
· Power saving signal performance
The design of the Power saving signal depends on the target performance of the receiver sensitivities and the desired coverage area.  The detection performance of the power saving signals, such as detection performance, false alarm performance, and miss-detection performance would be captured by the link level simulation.
· Power saving channel
The power saving channel is the physical channel carried the power saving signals. The characteristic of the power saving channel is the multiplexing capability, which the number of the power saving signals multiplexed on one power saving channel and the separation of the power saving signals for easy UE decoding without additional interference. The radio resource configured for power saving channel would be used to determine the additional latency for the Power saving signal triggering mechanism. Resource utilization or resource overhead of the configured Power saving channel is part of the performance metric to be reported with power saving signal.
· Power saving procedure
The power saving procedure describe the configuration of the power saving channel and the procedure for the power saving signal to trigger UE wakeup.  The quantitatively analysis would be used to calculate the overhead of the power saving channel and the amount of the power reduction for the power saving triggering UE wakeup.  
System and link level performance
The system throughput is used as the benchmark for the evaluation of the power saving scheme with adaptation to the traffic and power consumption in different domain.  The system performance would be impacted if the radio resource or the signal processing, such as number of Rx antenna, adapt to the traffic arrival for the purpose of UE power saving. Additional resource and signaling usage for UE power saving schemes could be reported as part of the performance metrics. Additional latency caused by the adaptation to the traffic of the power saving scheme needs to be included in the system performance metrics. From link level aspect, SNR-BLER performance, detection and decoding performance for power saving scheme could also be reported.  For RRM measurement, RSRP and RSRQ measurement accuracy with power saving scheme could be evaluated.
Proposal2: from link level aspect, detection performance, false alarm, miss detection, RRM measurement accuracy and coverage area could be evaluated. From system level aspect, system throughput, resource utilization/overhead, latency could be also evaluated.
Evaluation methodology 
System level simulation
[bookmark: OLE_LINK114][bookmark: OLE_LINK115]Most of UE and network performance could be evaluated by the system level simulation. The system level simulation would include different traffic type and packet size for the evaluation of the UE power saving schemes adaptation to the traffic arrival. The system simulation also include the measure of the interference,    and link quality, gNB scheduling algorithm, link adaption algorithm, etc. UE power saving performance, UE transmission latency, and network throughput could be evaluated based on inter-action UE and network using system level simulation.  
Numerical analysis
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK20]The UE power consumptions evaluation could also be based on numerical analysis of the power variation for any proposed power saving scheme. The numerical analysis assumes single communication link from gNB to UE with fixed interference scenario with dynamic data arrival.  The power saving scheme would allow the UE to transition from the network access state to the power efficient state. It could be assumed different packet arrival rate and packet size to evaluate UE performance, e.g., UE power consumption, transmission latency. 
As summary, the following table is listed the comparison between system level simulation and numerical analysis from performance metric, complexity and variable factor including traffic, interference, and scheduling algorithm. 
Table 1 Comparison between system level simulation and numerical analysis on UE power saving evaluation 
	Item
	System level simulation
	Numerical analysis
	Note

	[bookmark: _Hlk523472951]Traffic impact
	√
	[bookmark: OLE_LINK100]√
	Both SLS and numerical analysis can reflect the impact of the traffic arrival when traffic type and traffic packet size vary.

	Interference impact
	√
	[bookmark: OLE_LINK101][bookmark: OLE_LINK102]×
	Numerical analysis did not impact the interference from other transmission node because only single link is modeled.

	[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Scheduler impact
	√
	×
	Scheduler will determine the transmission opportunity of the specific UE. Numerical analysis did not model gNB scheduling. 

	[bookmark: _Hlk523473164]Link adaptation
	√
	×
	[bookmark: OLE_LINK112][bookmark: OLE_LINK113]Numerical analysis is used fixed MCS and transmission scheme.

	Performance on UE power consumption
	√
	√
	

	Performance on latency
	√
	√
	Numerical analysis could be only reflected variable traffic on latency performance, but scheduling link quality and variable interference could not be reflected.

	System Throughput 
	√
	×
	

	Complexity
	high
	low
	



Link level simulation
Link level is used to evaluation the detailed performance of the physical signals and channel, such as PDCCH decoding performance with PDCCH reduction, RRM measurement performance with RRM measurement reduction, power saving signal reception performance with false detection ratio and error detection ratio, synchronization performance with power saving signal, etc.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK126]Link level simulation would be considered for the evaluation of the following power saving schemes.
· Frequency/Time adaption: it could be evaluated single communication link based on numerical analysis used varied traffic load. Performance metric could be observed in UE power consumption, UE transmission latency. 
· Antenna adaptation: the performance of different number of RX antenna adapted to the traffic variation would be evaluated by both link level simulation and system level simulation.   The link level simulation captures the BLER performance of different number of RX antenna.  The system level simulation captures the system performance of the antenna adaptation to the traffic arrival with the UE power consumption.
· DRX configuration: NR-R15 DRX configuration and scheme could be as the baseline for the evaluation. Enhancement of UE power saving scheme could be evaluated based on numerical analysis. The evaluation of the UE power saving adaptation to the DRX configuration includes performance metric, UE power consumption, and UE transmission latency.
· PDCCH reduction: PDCCH decoding performance could be evaluated through both link and system level simulation. LLS could provide PDCCH decoding BLER. The SLS could provide PDCCH decoding performance with interference measurement. The evaluation of UE power saving on reducing PDCCH monitoring and decoding includes the performance metric, UE power consumption, PDCCH decoding performance with SNR-BLER mapping.  
Other adaption schemes could also be based on SLS or numerical analysis.
· Power saving signal/channel/procedure: for signal design, link level could be evaluated by false-alarm ratio, error detection ratio. The UE power consumption should also be provided which could be based on numerical analysis.
· RRM measurement: UE power consumption based on numerical analysis. RSRP/RSRQ measurement accuracy could be based on LLS.
As summary, power saving scheme with evaluation methodology and performance metric are listed as below table.  Furthermore, system overhead could be calculated by numerical analysis if needed.
Table 2 summary on simulation methodology of UE power saving scheme 
	Item
	Evaluation  methodology
	Performance metric

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

	Antenna adaptation
	LLS/SLS
	UE power consumption,
UE transmission latency,
System throughput.

	Power saving signal
	Numerical analysis, LLS
	UE power consumption,
UE transmission latency

	DRX configuration
	Numerical analysis
	UE power consumption,
UE transmission latency

	PDCCH reduction
	LLS, SLS
	UE power consumption,
UE transmission latency

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



Proposal3: UE power saving schemes are subject to be evaluated by either numerical analysis, link level simulation or system level simulation with the baseline assumption of UE power consumption modelling.    
Power consumption modeling and assumptions 
As general simulation assumption, UE power consumption, link level assumption, and system level assumption could be defined. As summary, the mainly assumption and parameters are listed as following table. As reference point for power consumption, I-DRX deep sleep mode could be assumed value 1 unit/slot. In this case, UE did not require maintaining synchronization with network and long DRX cycle could be configured.
Table 3 Assumptions on UE power consumption 
	Parameter
	Power [unit/slot] 
	Ramp u/d
time [slots]
	Notes 
(the power consumption is assumed to be the same for every symbol in the slot) 

	PDSCH Reception(small BW) 
	 [6600] 
	
	RF and baseband circuitry (for small BW data processing but full system BW operation and not including PDCCH decoding) 

	PDSCH Reception(Full BW) 
	 [13200] 
	
	RF and baseband circuitry (for full system BW data processing not including PDCCH decoding) 

	PDCCH decoding 
	[10000] 
	
	PDCCH full blind decoding.  Average power during a slot where UE performs PDCCH processing and no PDSCH is scheduled for this slot. Same-slot scheduling is assumed and UE goes to micro-sleep after DCI processing is finished.

	micro sleep
	[66] 
	
	Maintaining accurate timing by keeping RF frequency reference active and Baseband processing and controller in standby mode. 

	Light sleep
	[33] 
	
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	I-DRX Deep sleep
	1 
	
	Deep sleep for DRX/eDRX in RRC_IDLE/RRC_INACTIVE mode. UE is not required to maintain DL synchronization 

	C-DRX Deep sleep
	[3] 
	
	Deep sleep for  DRX in RRC_CONNECTED mode UE is not required to maintain DL synchronization 

	Transitions  from light sleep
	[660]
	[1]
	

	Transitions from deep sleep
	[660] 
	[3]
	

	Power Saving signals Reception 
	 [0.06-6 or 6600] 
	
	Depending on the power saving receiver architecture 

	RRM measurements 
	[6600] 
	
	



On the other hand, considering power consumption on adaption in antenna, frequency, time, DRX configuration, and UE processing time to traffic, simple modeling could be assumed in order to reduce measurement complexity in practice.
Table 4 Assumptions on UE power consumption adaptation
	Parameters
	Power [units/slot] 
	Adaptation 
time [slots]
	Notes 

	Antenna adaptation 
	N/4 * P + δ 
	
	N is the number of Rx or Tx antenna comparing to 4 Rx/T.  The value δ is the adjustment factor 

	PDCCH blind decoding 
	B/44 * P + Δ 
	[3] 
	B is the number of PDCCH  blind decoding comparing to 44 blind decoding, Δ is the processing power of FFT and  channel estimation/compensation before blind decoding

	Adaptation in Frequency 
	F/BW* P+ Δ 
	[14] 
	F is the bandwidth of narrow band BWP comparing to full bandwidth BW.  The value Δ is the adjustment factor 

	DRX  ON triggered by power 
saving signal 
	 D/D_Total 
	
	D is the number of DRX cycle  that UE waked up comparing to total number of periodic DRX cycle  D_Total 

	Adaptation in Time 
	
	
	Modeling of cross-carrier scheduling 


Note: UE power consumption modeling for adaptation in antenna, frequency, time, and DRX configuration could apply to both DL and UL data transmission.     
[bookmark: OLE_LINK19][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal4: the UE power consumptions modeling needs to be finalized for the evaluation based on the proposed parameters and value as the starting point for discussion.   
For link level simulation, system level simulation and link budget, mainly simulation assumptions are listed as following table and most of parameters are referred to ITU report [2]. 
Table 5 Assumptions on system level simulation, link level simulation, and link budget
	Case
	case1
	case2
	case3

	Scenario
	Indoor hotspot
	Dense Urban
	Rural macro

	UE dropping
	100%indoor UE
	20%outdoor UE
80%indoor UE
	50%outdoor UE
50%indoor UE

	UE speed
	3km/h
	3km/h for indoor;
30km/h for outdoor
	3km/h for indoor;
120km/h for outdoor

	Channel model
	LLS: TDL(LOS/NLOS)
SLS: ITU indoor hotspot
	LLS: TDL(LOS/NLOS)
SLS: ITU dense urban
	LLS: TDL(LOS/NLOS)
SLS: ITU rural macro

	carrier frequency (FR1) 
	4G
	4G
	700M

	carrier frequency (FR2) 
	26G 
	26G 
	N/A 

	System bandwidth
	10M/24 RB (FR1)
100M/66RB (FR2) 
	10M/24 RB (FR1)
100M/66RB  (FR2) 
	10M/24 RB (FR1)
100M/66RB (FR2) 

	Subcarrier Spacing 
	30 kHz (FR1)
120 kHz (FR2) 
	30 kHz (FR1)
120 kHz (FR2) 
	30 kHz (FR1)
120 kHz (FR2) 

	Total transmission power per TRxP
	21dBm
	41dBm
	46dBm

	UE noise figure
	7 dB
	7 dB
	7 dB

	Antenna configuration 
	2TX4RX (FR1/FR2) 
	 2TX4RX (FR1/FR2) 
	2TX4RX (FR1/FR2) 

	Frequency stability 
	0.1 ppm 
	0.1 ppm 
	0.1 ppm 



Furthermore, some parameters for RRC-connected and RRC-Idle/Inactivity mode could be assumed as an example configuration as below table.
Table 6 Assumptions on RRC-Connected mode
	Item
	parameters 

	scenario
	NR [indoor hotspot, dense urban, rural], 12TRPs, 10UEs per TRP

	Bandwidth
	FR1,10MHz, FR2 100 MHz 

	Duplex
	TDD,FDD; DL only

	TDD configuration
	DSUUD

	Traffic type
	FTP model 1 or 3, 
0.5Mbytes and FFS: bursty traffic arrival model (e.g., Pareto) for gaming[3], web browsing, messaging, VoIP 

	traffic load
	light load: λ=0.1; medium load: λ=0.4; high load: λ=0.8 (for 0.5Mbytes)

	DRX cycle
	 40ms,  160 ms,   1280 ms 

	DRX on-duration
	10ms, 100ms for FDD;20ms,200ms for TDD;

	DRX inactivity timer
	10ms,100ms for TDD;20ms,200ms for FDD;

	Power Saving signals scheme
	Periodic/Aperiodic 



Table 7 Assumptions on RRC-Idle/Inactivity mode
	eMBB Scenario 
	case1
	case2
	case3

	DRX cycle [s] 
	10.24 
	1.024
	0.32

	Paging rate [%] 
	10
	10
	10



Proposal5: the simulation assumptions on link level and system level need to be finalized using the proposed parameters and values as the starting point for discussion.
Conclusion
In this contribution, we provide our preliminary considerations on evaluation assumptions and methodology, and we have the following proposals:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal1: for the study of UE power saving scheme, the performance metric, the UE power consumption modeling and simulation parameters need to be agreed.   .
Proposal2: from link level aspect, detection performance, false alarm, miss detection, and coverage area could be evaluated. From system level aspect, system throughput, resource utilization/overhead, latency could be also evaluated.
Proposal3: UE power saving schemes are subject to be evaluated by either numerical analysis, link level simulation or system level simulation with the baseline assumption of UE power consumption modeling.  .
Proposal4: the UE power consumptions modeling needs to be finalized for the evaluation based on the proposed parameters and value as the starting point for discussion.   
Proposal5: the simulation assumptions on link level and system level need to be finalized using the proposed parameters and values as the starting point for discussion.
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