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1 Introduction
In this contribution, we discuss the FFS aspects of methodology for evaluating the impact of UE power saving techniques that will be considered in the study item [1]. present the calibration results on the time distribution of different power states for the target scenarios.
2. Discussion
2.1 UE Power consumption model 
2.1.1 FR2 model
Table 1 summarized the values we recommended for FFS states of power consumption models for FR2. 
Table 1: UE power consumption model paramters for FR2
	Power State	
	Characteristics
	FR2 (for reference only)

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	 240

	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. 
(Note 2 SSBs in a slot for the ref. config.)
	240

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	400

	UL
	Long PUCCH or PUSCH. 
	400


2.1.2 RRM Measurement and Search
Like in LTE, NR supports two types of RRM measurements, intra-frequency measurments and inter-frequency measurements. In the post-meeting email discussion after RAN1 #94bis, the power consumption values of RRM measurement have been agreed for FR1. However, it remains FFS for FR2.  
For intra-frequency measurements for FR2:
For FR1, two different cases were defined for power consumption modelling based on the timing difference between SSB blocks of different cells.
· Synchronous case: It means actual SSB tranmissions from cells are time-aligned e.g., timing of SSBi from cell i is aligned with timing of SSBi from cell j.
· Asynchronous case: It represents the case where actual SSB transmissions from cells are not time-aligned e.g., timing of SSBi from cell i is not aligned with timing of SSBi from cell j
This may be a valid category for FR1. However, unlike FR1, the following RRM requirement for FR2 has been specified in RAN4 specification [2]: 
	7.7.1       Minimum requirements 
When deriveSSB-IndexFromCell is enabled, the UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the same frequency carrier is within a tolerance not worse than min(2 SSB symbols, 1 PDSCH symbol) and the SFN of all cells on the same frequency carrier are the same. 


Following this requirement for FR2, synchronous case definition above is not a valid use case and there is no need to model it for FR2 [2]. To ensure the power consumption model to present the UE’s power consumed on FR2, we therefore propose to model asynchronous case with up to 1 symbol timing difference.
Table 1 summarized the UE power consumption model parameters and the values we recommended.
Table 1: UE power consumption model paramters for FR2
	N: Number of cells for intra-frequency measurement
	Asynchronous case

	
	FR1
	FR2

	N=8
	170
	290

	N=4
	140
	260



For neighbor cell search:
Another FFS aspect of power consumption model is the power value for neighbor cell search, which is defined as the power averaged over a slot during which search is performed and is independent of the number of cells.  Our preferred values were provided in Table 2 below. 
Table 2: UE power consumption for full neigbhor cell searchs
	FR1
	FR2

	200
	350



For combined measurement and search:
In general, for cell search, there is no knowledge about RF channels of neighbour cells at he UE. Hence, the UE scans the frequency bands to find a suitable cell. However, for RRM measurement, UE can utilize the information about frequency and optionally cell parameters received and stored from previously-detected cells. In addition, different requirements were defined for cell search and RRM measurments in [2]. As a consequence, the rate of RRM measurement and cell search is typically different due to these various requirement: 
· Based on the basic assumption, the SMTC period = 20ms,  
· Up to 5 SMTC within 600ms is sufficient for cell identification.
· Up to 5 SMTC within 200ms is sufficient for SSB measurement.
This can be reflected using the following power consumption modelling to combine the power of cell search and measurement: 

Where  is the combined power;  is the baseline power for intra-frequency measurement and  is the power csonumption of full cell measurement. 
2.2 Calibration results 
To facilitate power saving evaluations, simulators are preferably calibrated to ensure that comparable results are produced. During the RAN1 #94bis meeting, the following evaluation assumptions have been agreed to calibrate the simulator for this purpose:
	Agreements:
For the purpose of basic calibration of traffic modeling, FTP model 3 (use 0.1 Mbytes packet size, mean inter-arrival time 200msec) and VoIP model (as defined in R1-070674) should be used to generate time distribution for different power states, for the following scenarios
1. No C-DRX configured
· For both VoIP and FTP
2. C-DRX cycle 40msec for VoIP
· 10 msec inactivity timer
· Assume max two packets bundled
3. C-DRX cycle 160msec for FTP
· 100 msec inactivity timer

The time distribution for different power states shall be reported (e.g. x% in PDCCH-only, y% in PDCCH+PDSCH, z% in microsleep, etc), as a result of the calibration exercise.




In this section, we provide calibration results based on agreed configuration and values. We assume DU scenario and show results for 95%, 50%, and 5% geometry.
According to our evaluation based on TBS values obtained for the considered UE geometry, 0.1Mbyte packet requires approximately 3, 5, and 14 consecutive slots to complete a single transmission, for 95%, 50%, and 5% geometry respectively. Furthermore, we assume that in a PDCCH-only slot, UE can go to micro-sleep for half of the slot, i.e., remaining half of the slot is accounted for PDCCH monitoring and decoding. After active state (i.e., effective ON duration including Onduration, inactivity timer etc.) ends and there is  x ms duration remaining before next ON duration, UE follows the procedure as below
                                                                                             (1)


FTP Model
Table 1. Power calibration results for FTP Model 3 with and without CDRX, 95% geometry
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power units / ms

	Without CDRX
	Time ratio
	49.63%
	0.75%
	0%
	0%
	49.63%
	74.2044

	
	Energy ratio
	66.88%
	3.03%
	0%
	0%
	30.09%
	

	With CDRX
	Time ratio
	17.29%
	0.75%
	64.81%
	0.15%
	17.30%
	30.4737

	
	Energy ratio
	56.74%
	7.38%
	10.29%
	0.0433%
	25.55%
	





Table 2. Power calibration results for FTP Model 3 with and without CDRX, 50% geometry
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power units / ms

	Without CDRX
	Time ratio
	49.37%
	1.25%
	0%
	0%
	49.37%
	75.3503

	
	Energy ratio
	65.53%
	4.99%
	0%
	0%
	29.49%
	

	With CDRX
	Time ratio
	17.10%
	1.25%
	64.67%
	0.16%
	17.11%
	31.07

	
	Energy ratio
	53.94%
	11.86%
	9.87%
	0.0436%
	24.29%
	




Table 3. Power calibration results for FTP Model 3 with and without CDRX, 5% geometry
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power units / ms

	Without CDRX
	Time ratio
	48.24%
	3.52%
	0%
	0%
	48.24
	80.4981

	
	Energy ratio
	59.93%
	13.10%
	0%
	0%
	26.97
	

	With CDRX
	Time ratio
	16.12%
	3.52%
	64.39%
	0.15%
	16.13%
	37.0615

	
	Energy ratio
	43.50%
	28.46%
	8.42%
	0.035%
	19.59%
	




VoIP Model 

Table 4. Power calibration results for VoIP with and without CDRX, 95% geometry
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power per ms

	Without CDRX
	Time ratio
	48.13
	3.75
	0%
	0%
	48.13
	81.0264

	
	Energy ratio
	59.40
	13.88
	0%
	0%
	26.73
	

	With CDRX
	Time ratio
	8.95
	3.75
	79.19
	0
	8.95
	36.2567

	
	Energy ratio
	24.67
	31.01
	33.21
	0
	11.10
	





Table 5. Power calibration results for VoIP with and without CDRX, 50% geometry
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	
	Light sleep
	Micro sleep
	Average Relative Power per ms

	Without CDRX
	Time ratio
	46.88
	6.25
	0%
	
	0%
	46.88
	86.7107

	
	Energy ratio
	54.06
	21.61
	0%
	
	0%
	24.33
	

	With CDRX
	Time ratio
	8.11
	6.25
	78.36
	
	0
	8.11
	42.5392

	
	Energy ratio
	19.08
	44.05
	28.29
	
	0
	8.58
	





Table 6. Power calibration results for VoIP with and without CDRX, 5% geometry
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep
	Average Relative Power per ms

	Without CDRX
	Time ratio
	41.25
	17.49
	0%
	0%
	41.25
	112.29

	
	Energy ratio
	36.74
	46.73
	0%
	0%
	16.53
	

	With CDRX
	Time ratio
	4.86
	17.49
	67.96
	5.6
	4.86
	70.1483

	
	Energy ratio
	6.93
	74.80
	14.53
	0.63%
	3.12
	



It can be seen that the PDCCH_only state occupies about 20% time in case of DRX configuration for FTP model 3, which consume above 50% UE power. It was reduced to 8% for VoIP model for DL distributions of 95th and 50th percentile user (20% power consumption) and 4% for UE in cell-edge (~7% power consumption). The PDCCH_only state is approximately 50% for both FTP-3 and VoIP model for the case without DRX. To avoid this unnecessary power consumption on PDCCH_only state, wake-up-signal (WUS) and go-to-sleep (GTS) should be studied. 
Next, we provide calibration results for time distribution of different UE states assuming one packet can fit within a PDSCH in a slot, i.e., not taking effect of UE geometry on TBS into account. For the following observation, micro-sleep is only taken into account during DRX OFF state, cf. to (1). Micro-sleep is not considered in PDCCH-only slot.
FTP
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep

	Without CDRX
	99.75%
	0.25%
	0%
	0%
	0%

	With CDRX
	34.96%
	0.25%
	64.62%
	0.15%
	0.02%



VoiP
	Power State
	PDCCH only
	PDCCH +PDSCH
	Deep sleep
	Light sleep
	Micro sleep

	Without CDRX
	98.75%
	1.25%
	0%
	0%
	0%

	With CDRX
	18.72%
	1.25%
	80.03%
	0%
	0%
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3. Conclusion 
In this contribution, we have provided our views on the FFS aspects of evaluation methodology, mainly focusing on power consumption model for FR2 and RRM measurement operations. We recommend to adopt the proposed values for respective power consumption model. 
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