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1. Introduction
According to the SID for UE power saving in NR [1], followings are approved for the RAN1’s study scope:
	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]


This contribution discusses evaluation methodology for UE power saving to compare potential power saving schemes including key performance indicator, and system/link-level simulation assumption. 

2. Discussion 
First of all, it is necessary to clarify what is the purpose of the evaluation, and which output is expected from the evaluation. According to the scope of the SID for UE power saving in NR, the potential power saving scheme would be related to the PDCCH monitoring, and power saving signal/channel to change UE power consumption. In those points of views, the purpose of system-level simulation would be how amount of UE power could be saved at the expense of throughput performance loss across various combinations of the traffic scenarios (e.g. traffic model, the packet size, and the traffic load), and the potential power saving schemes. Meanwhile, the purpose of link-level simulation would be to evaluate the power saving signal or channel if it is introduced. In this contribution, we provide our views on system/link-level evaluation assumptions and methodology considering these purposes. 

2.1. System-level simulation assumption
In our view, the UE power saving in NR would have two targets; one is to optimize power consumption by efficiently reducing PDCCH monitoring at UE side considering traffic situation, and the other is to support power saving mode intended by a UE to prolong the UE battery life. For both cases, the power saving scheme would cause additional signalling overhead and/or latency due to the reduction on PDCCH monitoring and/or data rate restriction, and they would make throughput performance loss. In that point of view, it is necessary to check the throughput performance loss compared to the reference system without additional power saving scheme. Meanwhile, it is necessary to consider how amount of UE power is saved by using the power saving scheme compared to the reference system without additional power saving scheme. In this case, it would be necessary to define power consumption model for a various conditions of UE based on the UE implementation. For the reference system, it can be considered that the existing power saving scheme such as DRX operation and wideband RS are used. 
In summary, the potential power saving scheme could be evaluated based on both the user perceived throughput performance and the power consumption metric. 
Proposal 1: The key performance indicator of system-level simulation for UE power saving includes the user perceived throughput performance and the power consumption metric. 

According to TR38.802 [2], a lot of layouts and the corresponding parameters are well defined for system-level simulation. In our view, these evaluation assumption could be a starting point, and some modification can be further considered for UE power saving in NR. 
Proposal 2: Table A2.1-1 in TR38.802 is a starting point for system-level evaluation assumption of UE power saving in NR. 
In general, the conventional system-level simulation assumes that UE can perform PDCCH monitoring in a given search space (e.g. the beginning of every slot) without any restriction, and the PDCCH overhead is fixed regardless of how many PDCCH are transmitted by gNB and which aggregation level is used. Furthermore, DRX operation and paging procedure are not considered. Instead, it is assumed that a UE can receive PDSCH a certain value of delay after the packet arrives. However, considering UE power saving in NR, it would be important to check when and how UE monitors PDCCH. For instance, the simulation methodology could be modified as follows: after the packet arrives, first of all, UE waits to receive paging message in a given paging occasions, and then UE will receive PDCCH and PDSCH in Active Time which is derived by a given DRX parameters. In this case, it is assumed that UE power consumption occurs in paging occasions and in Active Time and in PDSCH reception time. 
Proposal 3: Define the model for paging and/or DRX operation for system-level evaluation. 
· For paging, the period of paging occasions needs to be defined. 
· For DRX operation, DRX parameters including drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL need to be defined. 

Next, it would be necessary to investigate how to reflect the impact of the PDCCH BD reduction to the system-level simulation. To be specific, when the number of PDCCH candidates is reduced, it is expected that UE power consumption is reduced as well at the expense of the blocking probability increase. In the perspective of system-level simulation, the block probability can be modelled to generate additional latency of PDCCH and PDSCH scheduling. For instance, when multiple UEs are co-scheduled in the same monitoring occasion, each UE may decide aggregation level and PDCCH candidate based on the number of PDCCH candidates and the channel condition at UE side. In this case, for a given CORESET, some portion of PDCCH would be dropped due to the blocking, and then these dropped PDCCHs can be re-scheduled in the next monitoring occasions. Nevertheless, in system-level simulation, depending on the arrival rate, smaller number of UEs (e.g. up to 3) will be co-scheduled in the same time in most cases. In this case, it is unclear whether the negative impact of the PDCCH BD reduction is shown in system-level simulation results whereas the PDCCH BD reduction will have positive impact in the UE power consumption. 
Proposal 4: Define the model for PDCCH transmission/reception based on actual scheduling for system-level evaluation. 
· Company provide how the aggregation level for PDCCH is selected for a UE.
· Company provide how to handle blocking between multiple PDCCH for a given CORESET and the number of PDCCH candidates. 

Regarding the traffic model, it would be better that UE is scheduled with multiple burst transmissions to check the impact of power saving of a UE multiple times during the simulation runtime. To be specific, in case of FTP model 1, since UE would have a single burst transmission during the overall simulation runtime in general, the effect of UE power saving could be underestimated compared to other traffic models. In those of point of view, FTP model 2 or 3 can be a baseline for evaluation assumption for UE power saving scheme. 
Proposal 5: FTP model 2 or 3 is a baseline for evaluation assumption for UE power saving. 

2.2. Link-level simulation assumption
In our view, link-level simulation will be used to evaluate power saving signal/channel which may be used to adjust UE behaviour on PDCCH monitoring across various combinations of wireless channel model, UE speed. In this case, the miss-detection probability and false-alarm probability could have impact on the UE power consumption and the throughput performance due to the unnecessary latency. Meanwhile, when the signalling overhead for power saving signal/channel increases to enhance the miss-detection and false-alarm performance, it may cause the throughput performance loss and the additional UE power consumption. In those points of views, the potential power saving signal/channel could be evaluated based on the miss-detection probability, false-alarm probability, signalling overhead, and power consumption metric for power saving signal/channel reception. 
Proposal 6: The key performance indicator of link-level simulation for UE power saving includes the miss-detection probability, false-alarm probability, signalling overhead, and power consumption metric for power saving signal/channel reception.
According to TR38.802 [2], various link-level evaluation assumptions are defined for various purposes such as channel coding or multiple access scheme or synchronization channel. In our view, considering the KPI of the power saving signal/channel, simulation assumptions for synchronization signals/channels could be a starting point, and some modification can be further considered depending on the role of the power saving signal/channel for UE power saving in NR. 
Proposal 7: Table A1.5-1 in TR38.802 is a starting point for link-level evaluation assumption of UE power saving in NR. 
If power saving signal/channel is introduced, it can be used to adjust UE behaviour on PDCCH monitoring. To be specific, UE may not perform PDCCH BD attempt until the UE detects the power saving signal/channel successfully. Meanwhile, UE may not perform tracking DL synchronization based on SS or TRS during the time UE does not perform PDCCH BD attempts for UE power saving. Depending on the assumption on DL synchronization, UE may need to perform DL synchronization procedure by using the power saving signal/channel. In this case, the frequency offset for non-initial acquisition could be assumed. Alternatively, if UE may keep the DL synchronization during the time where UE waits to receive power saving signal/channel with a help of the existing SS or TRS, it can be considered to support the frequency offset of 0 as a evaluation assumption. 
Proposal 8: For the frequency offset, the value of 0 is supported for the link-level evaluation assumption for power saving signal/channel. 

3. Conclusion
We discussed evaluation methodology for UE power saving in NR, and proposed the followings. 
Proposal 1: The key performance indicator of system-level simulation for UE power saving includes the user perceived throughput performance and the power consumption metric. 
Proposal 2: Table A2.1-1 in TR38.802 is a starting point for system-level evaluation assumption of UE power saving in NR. 
Proposal 3: Define the model for paging and/or DRX operation for system-level evaluation. 
· [bookmark: _GoBack]For paging, the period of paging occasions needs to be defined. 
· For DRX operation, DRX parameters including drx-onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-HARQ-RTT-TimerDL, and/or drx-HARQ-RTT-TimerUL need to be defined. 
Proposal 4: Define the model for PDCCH transmission/reception based on actual scheduling for system-level evaluation. 
· Company provide how the aggregation level for PDCCH is selected for a UE.
· Company provide how to handle blocking between multiple PDCCH for a given CORESET and the number of PDCCH candidates. 
Proposal 5: FTP model 2 or 3 is a baseline for evaluation assumption for UE power saving. 
Proposal 6: The key performance indicator of link-level simulation for UE power saving includes the miss-detection probability, false-alarm probability, signalling overhead, and power consumption metric for power saving signal/channel reception.
Proposal 7: Table A1.5-1 in TR38.802 is a starting point for link-level evaluation assumption of UE power saving in NR. 
Proposal 8: For the frequency offset, the value of 0 is supported for the link-level evaluation assumption for power saving signal/channel. 
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5. Appendix
Following table is provided in TR38.802 for system-level evaluation assumption for NR. 
Table A.2.1-1: System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12
	Single layer:
Macro layer: Hex. Grid

Two layer
Macro layer: Hex. Grid
Micro layer: Random drop (All micro BSs are all outdoor)
-	3 micro BSs per macro BS
-	6, or 9 micro BSs per macro BS (optional)
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8
	Single layer
Macro layer: Hex. Grid

	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 1732m and 5km for 700 MHz
	500m

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz or 70GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz and 70 GHz: Up to1GHz (DL+UL)
	700MHz: Up to 20MHz(DL+UL)
4GHz: Up to 200MHz (DL+UL)
 (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)
Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used
	ITU Rural
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa
Note: When 5GCM is found to be applicable to below 6GHz, 5GCM should be used

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm
Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)
	Macro layer:
Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
Micro layer:
4 GHz: 33dBm for 20MHz system bandwidth
Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 
EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm
EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4.

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 7dB

	UE antenna configuration
	See Table A.2.1-4.

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Step1 (**): Uniform/macro TRP (10 users per TRP for full buffer traffic) 
Step2 (**): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (***) 
- 80% indoor (3km/h), 20% outdoor (30km/h) 
- In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.
- In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)
10 users per TRP for full buffer traffic
User distribution: Uniform
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRP for full buffer traffic
(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.)

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
-	Option2
-	Low loss model – 50%
-	High-loss model – 50%

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	(*):	See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.
(**):	Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
(***):	Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping (See Figures A.2.1-3 and A.2.1-4 and Table A.2.1-8)



Following table is provided in TR38.802 for link-level evaluation assumption for NR. 
Table A.1.5-1: Simulation assumptions for synchronization signals/channels
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C for 4 and 30 GHz, and CDL-D for 70 GHz (other CDL models are not precluded), AWGN
-	with delay scaling values of 100ns (mandatory), 300ns (optional) and 1000ns (optional) for 4 GHz, 30 ns for 30/70 GHz
-	with combination of ASA and ASD scaling values in sec. 7.7.5.1 in TR 38.901 [15], for above 6 GHz cases
-	ZSA = 5 degree, ZSD = 1 degree 
-	The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Subcarrier Spacing(s)
	15, 30, 60, 120, 240, or 480 kHz (to be clarified by each proponent; other values are not precluded)

	SNR range
	> -6dB
	> -18dB

	UE speed
	3 km/h and 120 km/h (mandatory)
 30km/h and 500km/h (optional)
	3 km/h

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the TRP
	(1, 1, 2) with omni-directional antenna element
	(4, 8, 2), with directional antenna element (HPBW=65 °, directivity 8 dBi)
Optional: (M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ

	Antenna Configuration at the UE
	(1, 1, 2) with omni-directional antenna element
	(2, 4, 2), with directional antenna element (HPBW=90 ° , directivity 5 dBi)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 
(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	-	Initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 5, 10, 20 ppm (each company to choose one)
-	Non-initial acquisition
-	TRP: uniform distribution +/- 0.05 ppm
-	UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	1. 0 TRP: mandatory
2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP




