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[bookmark: _Hlk102058846]Introduction
In RAN#94-e [1], the study item for LP-WUS has been approved for NR. In this contribution, we discuss evaluation methodology, KPI and target scenarios for LP-WUS.      
Discussions
KPIs
For KPIs, the following aspects should be considered to accurately evaluate benefits for LP-WUS.
· UE power consumption and potential power saving gain 
· UE power consumption and potential power saving gain from LP-WUS and Low Power-Wake Up Receiver (LP-WUR) should be carefully evaluated. Power saving gain is typically shown as power consumption ratio over baseline receiver/configuration. Therefore, baseline receiver/configuration need to be properly determined to evaluate potential power saving gain from LP-WUS/LP-WUR. For the baseline, lowest power consumption device in 3GPP specification should be considered. 
· Extended battery life of UE 
· For mobile IoT devices, device battery life is a most important factor as battery replacement would be difficult considering huge number of IoT devices and potential deployment scenarios. Given that, battery life improvement by using LP-WUS should be carefully investigated. 
· Coverage
· As shown in Fig. 1 [3], a trend line with a slope of -1 decade / 20dBm of power consumption vs. receiver sensitivity is observed. The trend line implies that there is 20 dB degradation in sensitivity for every 10x power consumption reduction. Having said that, the sensitivity of LP-WUR will be worse than the sensitivity of normal NR receiver and the coverage loss should be carefully investigated. 
· Implementation cost and complexity 
· Implementation cost and complexity is a crucial factor for IoT devices considering required number of IoT devices and expected budget. In addition, for LP-WUS reception, additional receiver may need to be implemented and such additional implementation may lead to increased cost and complexity at UE. 
· Potential specification impact
· Potential specification impact is also a crucial factor for deciding whether the specification enhancement is needed or not. Potential specification impact should be justified based on benefits such as power saving gain, extended battery life, resource utilization and coverage. If the benefits from the enhancement are not large enough to justify required specification impact, the enhancement should be avoided. 

Proposal 2: Support the following KPIs for evaluating benefits from LP-WUS
· UE power consumption and potential power saving gain
· Extended battery life of UE
· Coverage
· Implementation cost and complexity
· Potential specification impact.
Evaluation methodology
For evaluation of LP-WUS, evaluation methodology used for power saving [2] could be a good starting point. In this section, we provide our view on evaluation methodology for LP-WUS based on evaluation methodology for power saving. 
Frequency range
As shown in Fig. 1 [3], most receivers consuming low power operate at frequencies below 3 GHz as required power consumption generally increases as carrier frequency increases. Therefore, it is preferred to focus on FR1 for evaluation in Rel-18 and FR2 can be studied later if needed.
[image: ]
Fig. 1 Ultra low power radios

Observation 1: Most receivers consuming low power operate at frequencies below 3 GHz as required power consumption generally increases as carrier frequency increases.
Proposal 1: Focus on FR1 for evaluation in Rel-18 and study FR2 later if needed.

Link level simulation
As discussed in the above, coverage is an important KPI for evaluating benefits of LP-WUS. For coverage, link level simulation can be a tool as link level simulation can identify whether proposed LP-WUS satisfies required BLER or not. In addition, false alarm rate and miss detection rate of LP-WUS can be evaluated as well as coverage. For the link level simulation, the evaluation assumptions used for power saving (Table 4 in Appendix) can be a starting point for further discussion. 
Observation 2: Link level simulation is a tool for evaluating coverage as well as false alarm rate and misdetection rate.
Proposal 2: Support link level evaluation as baseline evaluation for LP-WUS.
Proposal 3: Link level evaluation assumptions used for power saving (Table 4 in Appendix) can be a starting point for further discussion.  

System level simulation
System level simulation is an important tool to evaluate actual power saving gain. For the system level simulation, the following aspects should be considered. 
· UE power consumption model and UE power consumption during the state transition
· In [2], UE power consumption model and UE power consumption during the state transition was captured as shown in Table 1 and 2 for regular receiver. To evaluate power saving gain from LP-WUS, relative power, additional transition energy and total transition time should be additionally defined with a newly defined power state for LP-WUS.  
Table 1 UE power consumption model for FR1 with NR regular receiver
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



Table 2 UE power consumption during the state transistion with NR regular receiver
	Sleep type
	Additional transition energy:
(Relative power x ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

	*	Immediate transition is assumed for power saving study purpose from or to a non-sleep state



· Traffic model 
· FTP traffic and Instant messaging used for power saving (Table 3) can be used as baseline. Other traffic models can be considered as optional if needed. 

Table 3 Traffic model
	
	FTP traffic
	Instant messaging

	Model
	FTP model 3
	FTP model 3

	Packet size
	0.5 Mbytes
	0.1 Mbytes

	Mean inter-arrival time
	200 ms
	2 sec

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
	Period = 320 ms
Inactivity timer = 80 ms




· Simulation assumption
· As well as the link level evaluation assumption, the evaluation assumptions used for power saving (Table 5 in Appendix) can be a starting point for further discussion.

Proposal 4: To evaluate power saving gain from LP-WUS, relative power, additional transition energy and total transition time should be additionally defined with a newly defined power state for LP-WUS.
Proposal 5: FTP traffic and Instant messaging used for power saving (Table 3) can be used as baseline. 
Proposal 6: For system level simulation, the evaluation assumptions used for power saving (Table 5 in Appendix) can be a starting point for further discussion. 
Summary
In this contribution, we discuss KPIs and evaluation methodology for LP-WUS. From the discussions, we made the following observations and proposals:
Observation 1: Most receivers consuming low power operate at frequencies below 3 GHz as required power consumption generally increases as carrier frequency increases.
Observation 2: Link level simulation is a tool for evaluating coverage as well as false alarm rate and misdetection rate.

Proposal 1: Focus on FR1 for evaluation in Rel-18 and study FR2 later if needed.
Proposal 2: Support link level evaluation as baseline evaluation for LP-WUS.
Proposal 3: Link level evaluation assumptions used for power saving (Table 4 in Appendix) can be a starting point for further discussion.  
Proposal 4: To evaluate power saving gain from LP-WUS, relative power, additional transition energy and total transition time should be additionally defined with a newly defined power state for LP-WUS.
Proposal 5: FTP traffic and Instant messaging used for power saving (Table 3) can be used as baseline. 
Proposal 6: For system level simulation, the evaluation assumptions used for power saving (Table 5 in Appendix) can be a starting point for further discussion. 
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Appendix
Table 4 Link level simulation assumption
	
	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




Table 5 System level simulation assumption
	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
	Table A.2.1-4 from TR38.802

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

	BS antenna element gain + connector loss
	Table A.2.1-4 from TR38.802

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

	UE antenna configuration
	Table A.2.1-4 from TR38.802

	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)
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