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1. Introductions
In RAN #80, the new Rel-16 study item on NR UE power saving was approved [1] with the 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

(Note: existing UE capabilities are assumed for UE processing timeline)
i. Network and/or UE assistance information

ii. 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  
Evaluation methodology for the study of different power saving schemes included in power saving SI may be different. In this contribution, we discuss the evaluation metrics, traffic model and evaluation methodology for different NR UE power saving schemes.  
2. Evaluation methodology for NR UE power saving
2.1 Evaluation Metrics
For Objective 1-a: 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, the evaluation metrics include:

· Power saving gain of R16 power saving schemes
· Rel-15 scheme is the baseline

· Latency of packets
· User throughput
For Objective 1-b: the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics, the evaluation metrics include:

· Quality of power saving signal/channel
· For power saving channel
· Sensitivity, e.g., SNR-BLER curve
· For power saving signal
· Sensitivity, false alarm ratio, misdetection ratio, etc.
· System overhead of power saving signals/channels

For Objective 2): the enhancement of RRM for UE power saving, the evaluation metric includes:
· Power saving gain of RRM enhancements

· How much power can be saved by schemes, e.g., reducing the number of cells/carriers, increasing the measurement periodicity
· RRM measurements accuracy (e.g., RSRP, RSRQ) for RRM enhancement schemes, 

In summary, Table 1 below gives the evaluation metrics for different objectives of SI.
Table 1. Evaluation metrics for different objectives of SI

	Objective
	Evaluation Metric

	UE adaptation
	Power saving gain

Latency of packets
User throughput

	Triggering of UE adaptation
	Quality of power saving signal/channel

· For power saving channel

· Sensitivity, e.g., SNR-BLER curve

· For power saving signal

· Sensitivity, false alarm ratio, misdetection ratio, etc.
System overhead of power saving signals/channels

	RRM enhancement
	Power saving gain

RRM measurements accuracy


Proposal 1: Evaluation metric for different objectives of SI in Table 1 is used.
2.2 Traffic model

To evaluate the metric of different power saving schemes, dirvese traffic with different charicteristic need to be considered. In Table 2, the proposed traffic models and related charicteristic for UE power saving are listed. The proposed traffic models are mainly for Objective 1-a: 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.
Table 2. Proposed traffic models and related charicteristic for UE power saving
	No
	Traffic model
	Traffic Charicteristic

	1
	FTP model 3
	· Large packets size, e.g, Mbytes

· Less frequent packet arrival, e.g., hundreds of ms or several seconds

	2
	Gaming
	· Smaller packets size, e.g., hundreds of bytes

· Frequent and random packet arrival, e.g., tens of ms

	3
	VoIP
	· Small packets size, e.g., tens of bytes

· Shorter and fixed packet arrival, e.g., tens of ms

· Asymmetric in UL and DL traffic


Table 3 and Table 4 provide the relevant parameters of the VoIP traffic and gaming traffic that shall be assumed in the simulations, respectively. For detailed description of the traffic model for gaming, please refer to our companion contribution [2] and NGMN paper [3]. The packets size distribution and packet arrival distribution for gaming based on our test results are liiustrated in Figure 1 and Figure 2, respectively.
Proposal 2: FTP Model 3, VoIP and gaming should be evaluated for power saving. Parameters in Table 3 and Table 4 are used for VoIP and gaming modelling, respectively.
Table 3. Parameter for VoIP 
	Parameter
	Characterization[4]

	Codec
	RTP AMR 12.2, Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	SID payload
	Modelled
15 bytes (5Bytes + header)
SID packet every 160ms during silence

	Total voice payload on air interface
	40bytes (AMR 12.2)


Table 4. Parameter for gaming

	Parameter
	Statistical Characterization

	Packet arrival
	· For packet arrival of <60ms,  fixed probability of 0.4%, i.e., packet arrival for any value from 0 to 59ms has fixed 0.4% probability;

· For packet arrival of >= 60ms, Largest Extreme Value Distribution (also known as Fisher-Tippett distribution),

[image: image1.emf] ,x is the packet sarrival (in ms) and fx is the probability of x.

a= 66 and b= 3.

Without loss of generality, a= [30-80] and b= [2-5] can be considered.

Values for Fisher-Tippett distribution can be generated by the following procedure:

x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]

	Packet size
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution):

[image: image2.emf], x is the packet size (in Bytes) and fx is the probability of x.

a= 220 and b= 25.

Without loss of generality, a= [200-300] and b=[20-30]

Values for Fisher-Tippett distribution can be generated by the following procedure:

x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]
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Figure 1: packets size distribution of online gaming
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Figure 2: packets arrival distribution of online gaming
2.3 Power model

2.3.1 General power model
The normalized average power for different UE operating modes including deep sleep, light sleep, PDCCH only, PDSCH Reception, etc. are given in Table 5. For different RRC states, different UE operating modes in Table 5 can be used. For example, paging reception is not used in RRC connected state. 

Proposal 3: General power model in Table 5 is considered as the baseline for discussion.
Table 5. The power models for different UE operating modes
	UE Operating mode
	Normalized average power [unit per slot]
	Notes
	

	PDCCH only (same-slot scheduling)
	TBD
	Same-slot scheduling  but without PDSCH

Full blind decoding

1 CC,20Mhz BWP, 4RX  
	

	PDCCH only (cross-slot scheduling)
	TBD
	Cross-slot scheduling  but without PDSCH

Full blind decoding

1 CC,20Mhz BWP, 4RX
	

	Deep sleep
	TBD
	Both RF and baseband closed
	

	Light sleep
	TBD
	RF closed and baseband partial closed. FFS: micro sleep
	

	PDSCH Reception
	TBD
	UE receives PDCCH and PDSCH. The power depends on lots of factors including bandwidth, data rates, etc. For simplicity, a typical bandwidth and typical data rate can be assumed, e.g., 1 CC,20Mhz BWP, 4Rx
	

	PUSCH transmission
	TBD
	1CC (100MHz, 1Tx);

FFS: power for other data rates, Tx power level, smaller BW
	

	Transitions  from and to  light sleep
	TBD
	Include the Ramp up and Ramp down time
	

	Transitions from  and to deep sleep
	TBD
	Include the Ramp up and Ramp down time
	

	Paging reception
	TBD
	Including PDCCH and PDSCH reception related 

to page information
	

	Reception of power saving channel/signal
	TBD
	The power for receiving power saving channel/signal depends on power saving channel/signal is PDCCH-like or sequence based signal. If it is PDCCH-like, similar power of PDCCH only can be assumed. If it is sequence based, a smaller power can be assumed. For simplicity, the same power for both PDCCH only and power saving channel/signal can be considered. Also depending on the power saving receiver architecture.
	

	Pre-Synchronization
	TBD
	power consumption on active duration before C-DRX ON and before PO in IDLE /INACITVE mode when wake up

Including synchronization refinement and channel tracking
	


In Table 6, some preliminary test results are given for three UE operating modes with specific test configurations. Companies are encouraged to submit normalized average power of more UE operating modes. Based on these submissions, the power models for different UE operating modes can be worked out.
Table 6. The power models for some UE operating modes based on test results
	Operating mode
	Power [units per slot]
	Configurations

	PDCCH monitoring without data
	[40]
	1CC, 100MHz, 4Rx.

	PDCCH+PDSCH
	[350]
	1CC (100MHz, 4x4MIMO, 2Gbps);

	PDCCH+PUSCH
	[150]
	1CC (100MHz, 1Tx, 0.5 Gbps);


Baseline and aggressive processing timeline are specified in Rel-15, the aggressive timeline is supported by high-end UEs to satisfy the stringent latency requirement for URLLC, or enhanced throughput for eMBB. However, to support aggressive processing timeline, UE has to use more baseband processors which increase the power consumption. Therefore if network configures the aggressive scheduling and HARQ timeline based on the reported UE capability regardless of service requirement, UE will suffer from unnecessary high power consumption. Some mechanisms to enable the processing timeline adaptation based on the traffic demand would be beneficial. So power models for baseline and aggressive processing timeline need to be given.

Proposal 4: Power models for baseline and aggressive processing timeline should be developed.
2.3.2 Power model for RRM measurements

For objective 2): Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2], some specific power model in Table 7 should be considered.  Some highlights for Table 7 are as follows.
Considering neighbor cell measurement is carried out only when the serving cell quality is not sufficiently good (e.g., meets S criteria), serving cell measurements and neighbor cell measurements may not always performed simultaneously. In another example, the inter-frequency neighbor cell measurement using measurement gap are performed in different time instance as serving cell measurement. Therefore, in the RRM power model, it should be able to separately model the serving cell and neighbor cell measurement. 
In an asynchronous network deployment, the UE may have to measure different neighbor cells in different time instance, thus the power consumption for neighbor cell measurement may have to be further scaled with the number of measured neighbor cells. In an synchronous network deployment, UE measures the neighbor cells in the same active time thus the RF power consumption is not scaled but the based band power consumption is still scaled with the number of measured neighbor cells. 
Table 7. The power models for RRM measurements
	Operating mode
	Power [unit per slot]
	Notes

	Serving cell measurements (inc. sync)
	 
	 

	Neighbor cell measurements (inc. sync)
	 
	Further refinement to model the power consumption due to different number of measured neighbor cells 

	Sleep 
	 
	

	Power ramping up and down
	 
	


Proposal 5: Power models for RRM measurements in Table 7 is considered and further refinement to model the power consumption due to different number of measured neighbor cells is needed. 
2.4 Evaluation methodology

Different evaluation methods are used for different metric. Table 8 summarizes the evaluation metric and their relevant evaluation methods. Details of evaluation methods are described in subsections.

Table 8. Evaluation Metric and the relevant evaluation method
	Objective
	Evaluation Metric
	Evaluation method

	1-a
	Power saving gain
	· Numerical analysis, or

· System level simulation if necessary

	
	Latency of packets/user throughput 
	· Numerical analysis
· System level simulation if necessary

	1-b
	Quality of power saving signal/channel
	· Link level simulation

	
	System overhead of power saving signals/channels
	· Numerical analysis

	2
	Power saving gain
	· Numerical analysis

	
	RRM measurements accuracy
	· Link level simulation


2.4.1 Numerical analysis
To assess the power saving gain for power saving schemes, single user power consumption numerical analysis can be done. The baseline is Rel-15 mechanisms. Users with different channel conditions can be tested, e.g., low, medium and high SINR or RSRP can be considered. Configurations for Rel-15 schemes, e.g. DRX settings, PDCCH monitoring parameters, and enhanced schemes in R16 should be reported by companies. Traffic arrival and traffic can be based on the traffic models in Section 2.2. Multi-user system level simulation can also be carried out when necessary.
Numerical analysis consists of two following steps:
Identify the power models for different UE operating modes.

This is already discussed in Section 2.3.
Evaluation of performance metric based on the power model
Typical eMBB traffic types, such as gaming VoIP and ftp model 3, etc can be used for evaluation, which includes the traffic arrival rate and packet sizes.  
Based on the given traffic model, for a targeting user throughput, the UE power consumption can be calculated by the following equation (1), where the  time duration for UE operating mode can be obtained from system level evaluation. 
· Calculate total power consumption according to the power model for different UE behaviors, i.e., 
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where 
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is the index of operating mode;

The latency of each packet can be obtained by: 
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The system overhead of power saving signals/channels can be counted if power saving signals/channels are configured by power saving schemes.
The above evaluation methodology is applicable to UE adaptation in time and DRX configuration in both RRC_connected state and RRC_idle/inactive state. The evaluation methodology for power saving gain based on this contribution should be considered and adopted.
Proposal 6: Numerical analysis to calculate power saving gain, packet latency and system overhead based on power model is used as the starting point. 
2.4.2 System level simulation
The duration of different operating modes for different UEs can also be provided by multi-user system-level simulation if necessary. 
Proposal 7:
System level simulation can be used if necessary, and the following proposals are given:

· Indoor scenario with 12 cells is the starting point.

· Both FR1 and FR2 should be considered.
· Different system load with low, medium and high resource utilization should be considered. 

· The scheduling methods used should be reported by companies.
2.4.3 Link level simulation
As mentioned in Section 2.3, link level simulation is needed to evaluate the quality of power saving signal/channel, and the RRM measurements accuracy.
Similar performance as legacy PDCCH can be achieved if existing PDCCH DCI format in Rel-15 is reused for power saving channels. Sensitivity, e.g., SNR-BLER curve is needed for quality evaluation of power saving channels. For sequence-based power saving signals (if any), sensitivity, false alarm ratio and mis-detection ratio could be evaluated, as what has be done for wake-up signals (WUS) in NB-IoT/eMTC in Rel-15. Table 9 gives the simulation assumptions for evaluation the quality of power saving signal/channel.
Table 9: Simulation assumptions for evaluation the quality of power saving signal/channel
	Technical configuration Parameters
	Values

	Carrier frequency for evaluation
	4 GHz

	Waveform
	CP-OFDM

	Numerology
	15 kHz SCS

	CORESET RB
	48

	CORESET time duration
	2 symbols

	CCE-to-REG 

Mapping
	Non-interleaved

	REG bundle size
	6

	Propagation condition
	TDL-C, 300ns, 100Hz

	Antenna configuration
	2x2 Low and 2x4 Low

	Aggregation level 
	[1,2,4,8,16]

	Power saving channel payload
	Depends on design; Company need to report the value

	Power saving signals and the time and frequency resources
	[x] RBs and [y] OFDM symbols, depends on design of companies

	Frequency stability
	[x] ppm


For RRM measurements enhancement, if additional RS or measurement reduction are introduced, the measurements accuracy (e.g., RSRP) need to be evaluated by link-level simulation. Table 10 gives the simulation assumptions for RSRP accuracy evaluation.
Table 10: Simulation assumptions for RSRP accuracy evaluation
	Simulation parameters
	values

	bandwidth
	10 MHz; 20 MHz

	Es/N0
	0dB

	Channel model
	TDL-A Low 100ns 10Hz

1X2

	Subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period(paging cycle)
	320ms

	Number of measurement samples per measurement period (MP)
	1,2

	Subcarrier spacing
	15 kHz

	Number of SS blocks per SS burst set/ SS burst periodicity
	1/20ms

	New measurement RS
	CSI-RS:
1) Density: 3RE/RB

2) 1 port

3) 2 symbols per slot

4)  Whole bandwidth

	L3 filter
	Defined in section 5.5.3.2 in TS 38.331
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Where a = 1/2(ki/4)   and k=1

	Evaluation metric
	Delta RSRP(dB) = measured RSRP – ideal RSRP


Proposal 8: Link level simulation parameters in Table 9 and Table 10 is used to evaluate the quality of power saving signal/channel and the RRM measurements accuracy evaluation, respectively.
3. Conclusions
In this contribution, the evaluation metric, traffic model and evaluation methodology for different NR UE power saving schemes are discussed and proposals are given as follows
Proposal 1: Evaluation metric for different objectives of SI in Table 1 is used.
Proposal 2: FTP Model 3, VoIP and gaming should be evaluated for power saving. Parameters in Table 3 and Table 4 are used for VoIP and gaming modelling, respectively.
Proposal 3: General power model in Table 5 is considered as the baseline for discussion.

Proposal 4: Power models for baseline and aggressive processing timeline should be developed.
Proposal 5: Power models for RRM measurements in Table 7 is considered and further refinement to model the power consumption due to different number of measured neighbor cells is needed. 
Proposal 6: Numerical analysis to calculate power saving gain, packet latency and system overhead based on power model is used as the starting point. 
Proposal 7:

System level simulation can be used if necessary, and the following proposals are given:

· Indoor scenario with 12 cells is the starting point.

· Both FR1 and FR2 should be considered.
· Different system load with low, medium and high resource utilization should be considered. 

· The scheduling methods used should be reported by companies.
Proposal 8: Link level simulation parameters in Table 9 and Table 10 is used to evaluate the quality of power saving signal/channel and the RRM measurements accuracy evaluation, respectively. 
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