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1. Introduction
Requirements on cell identification delay are divided into two equations depending on necessity of SSB index reporting, and these equations are captured in TS38.133. For FR1, PSS/SSS detection delay and measurement period have been determined as following. However, PSS/SSS detection delay and measurement period for FR2 and SSB time index acquisition delay are still under discussion. At the RAN4 AH1801, structures of equations to derive these delay requirements were agreed. 
In this contribution, we provide our views on requirements of cell identification delay and measurement period.
	TS38.133
Tidentify_intra_without_index = TPSS/SSS_sync + TSSB_measurement_period ms

Tidentify_intra_with_index = TPSS/SSS_sync + TSSB_measurement_period + TSSB_time_index ms

TPSS/SSS_sync - the PSS/SSS detection delay

TSSB_measurement_period - the measurement period of SSB based measurement

TSSB_time_index - the SSB Index acquisition delay

Following equations are also captured in TS38.133.
TPSS/SSS_sync = max( 600, [5 or 6] × SMTC_period ) ms
TSSB_measurement_period = max( 200, [5] × SMTC_period )

RAN4 AH1801 Agreement [1]
For FR1,
TSSB_time_index = max( [TBD], [2+X] × SMTC_period ) ms
For FR2,
TPSS/SSS_sync = max( [X1], [Y1] × N1 × SMTC_period ) ms
TSSB_time_index = max( [X2], [3+Y2] × N2 × SMTC_period ) ms
TSSB_measurement_period = max( [X3], [Y3] × N3 × SMTC_period ) ms

Parameter N is related to Rx beamforming and Rx beam sweeping.


2. Discussion
At the last RAN4 meeting, requirements on cell identification delay including PSS/SSS detection, SSB index acquisition delay, and measurement period were discussed, and structures of equations to derive these requirements were agreed [1]. For FR1, required number of samples for PSS/SSS detection delay is still FFS between [5 or 6]. Considering that most companies provided sufficient detection performance by using less than 4 samples in their link level simulation results, 5 samples would be enough even including impairment margin. In addition, 5 samples would also be sufficient for measurement period based on evaluation results.
Proposal 1: For FR1, square brackets in the equations of PSS/SSS detection delay and measurement period could be removed, and these would be expressed as following.
TPSS/SSS_sync = max( 600, 5 × SMTC_period ) ms
TSSB_measurement_period = max( 200, 5 × SMTC_period ) ms
Regarding SSB time index acquisition delay, following equation was agreed at the last RAN4 meeting, i.e. TSSB_time_index = max( [TBD], [2+X] × SMTC_period ) ms. Now, minimum value of that delay is still TBD and impairment margin X needs to be considered. One sample would be sufficient for impairment margin, and 40 ms could be assumed for minimum measurement periodicity as same as in measurement period definition. Thus, minimum value of SSB time index acquisition delay would be 120 ms.
Proposal 2: For FR1, SSB time index acquisition delay would be expressed as following equation.
TSSB_time_index = max( [120], [2+1] × SMTC_period ) ms
For FR2, we need to consider not only minimum delay value and required number of samples but also scaling factor N related to Rx beam sweeping. Required number of samples Y1, Y3 should be derived based on evaluation results in order to keep appropriate system performance. In previous RAN4 meetings, companies had provided their evaluation results. Based on these results, 5 samples would be sufficient for PSS/SSS detection [2]. Moreover, especially for RSRP measurement, Rx beamforming gain could be taken into consideration to derive required number of samples. Since side condition assumption to derive required number of samples to meet accuracy requirement could be better than the case without Rx beamforming, 3 samples for intra frequency measurement would be sufficient even if impairment margin would be considered [3]. Then, since Y2 represents impairment margin for SSB time index acquisition according to agreements made at the last RAN4 meeting, Y2 would be 1 sample as same as FR1. Regarding constant value X, if time interval of subsequent samples is too short, e.g., 5 ms, utilizing multiple measurement samples within such short period might not help for SSB detection due to high correlation between these samples. Hence, assuming 40 ms for SSB periodicity as same as FR1, X would be the values shown in Table 1, i.e. X = required number of samples × 40ms. In addition, as show in Appendix, too long delay in cell detection and measurement would cause degradation of system performance due to difference between measurement report and actual condition when the report is provided. Therefore, it would be useful to consider acceptable delay requirement to derive scaling factor N. In case of SSB periodicity = 40 ms and N ≥ 5, cell identification delay would be too long to keep mobility performance. In this case, PSS/SSS detection delay would be equal to or larger than 1 sec, and SSB measurement delay would be equal to or larger than 600 ms. As shown in the simulation results with Case I, even if UE could monitor 24 beams for cell detection, at least 13 % of UEs would actually receive some better beams than monitored 24 beams after long cell detection delay such as > 700 ms. This means that UE might report some degrading beams or cells to NW and might miss some strong beams or cells due to limited number of cells/beams that UE is capable of monitoring. In terms of measurement period, RSRP values that UE is going to report would have already changed during measurement, and it means RSRP difference between reported value and actual latest value would increase if measurement period is too long. Besides, scaling factor N for SSB time index acquisition would not need to be larger than that for PSS/SSS detection. Therefore, scaling factor N should be less than 5 in all cases.
Table 1: Possible proposal on values of X, Y, and N.
	
	Constant value
X1, X2, X3
	Number of SSBs
Y1, Y2, ​Y3
	Parameter
N1, N2, N3

	TPSS/SSS_sync
	200
	5
	≤ 4

	TSSB_time_index
	160
	1
	≤ 4

	TSSB_measurement_period
	120
	3
	≤ 4


Proposal 3: For FR2, PSS/SSS detection delay, SSB time index acquisition delay, and measurement period would be expressed as following.
TPSS/SSS_sync = max( [200], [5] × N1 × SMTC_period ) ms

TSSB_time_index = max( [160], [3+1] × N2 × SMTC_period ) ms
TSSB_measurement_period = max( [120], [3] × N3 × SMTC_period ) ms

N1, N2, N3 ≤ 4
3. Conclusion
In this contribution, we provide our views on cell identification delay requirements for both FR1 and FR2, and we make following proposals.
Proposal 1: For FR1, square brackets in the equations of PSS/SSS detection delay and measurement period could be removed, and these would be expressed as following.
TPSS/SSS_sync = max( 600, 5 × SMTC_period ) ms
TSSB_measurement_period = max( 200, 5 × SMTC_period ) ms
Proposal 2: For FR1, SSB time index acquisition delay would be expressed as following equation.
TSSB_time_index = max( [120], [2+1] × SMTC_period ) ms
Proposal 3: For FR2, PSS/SSS detection delay, SSB time index acquisition delay, and measurement period would be expressed as following.
TPSS/SSS_sync = max( [200], [5] × N1 × SMTC_period ) ms

TSSB_time_index = max( [160], [3+1] × N2 × SMTC_period ) ms
TSSB_measurement_period = max( [120], [3] × N3 × SMTC_period ) ms

N1, N2, N3 ≤ 4
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Appendix
As discussed at the last RAN4 meeting, Rx beam sweeping aspect should be taken into consideration to derive requirements on cell identification delay. However, it might cause too long cell identification delay, and it would be critical issue due to dynamic channel variation in FR2. Therefore, some companies insisted that dynamic simulation should be done to evaluate relationship between measurement delay and mobility performance. Here, we provide initial system level evaluation results regarding RSRP measurement with respect to measurement period. We assume two scenarios as shown in Table A-1, and simulation assumption details are referred from our previous contribution [4]. Table A-2 and Table A-3 show evaluation results of Case I and Case II, respectively. In these tables, K is number of beams UE is capable of monitoring, and UE selects K beams at t = 0. Each value in the tables shows probability that at least one beam except for selected K beams has better RSRP value at t = t1 than all K beams. Here, K beams at t = 0 include at least one beam from each of the best 8 cells. Table A-4 and Table A-5 show ∆RSRP with respect to certain delay in Case I and Case II, and ∆RSPR is expressed as following equation. 
∆RSRP = |RSRP(t = t1) – RSRP(t = 0)|
t1 = 0 ~ 700 ms
From Table A-4 and A-5, even if Case II, i.e., slower mobility case would be assumed, ∆RSPR is larger than 2.5 dB at 600 ms. This delay, i.e. 600 ms, corresponds to N ≥ 5 when SSB periodicity = 40 ms and number of SSBs = 3 are assumed.
Table A-1: Simulation scenario
	
	Case I
	Case II

	Frequency
	30 GHz
	30 GHz

	Scenario
	UMa
	UMa

	Inter-BS distance
	200 m
	200 m

	Number of SSBs
	64 SSBs
	64 SSBs

	SSB periodicity
	20 ms
	40 ms

	Number of UEs
	114
	114

	UE velocity
	60 km/h
	30 km/h


Table A-2: Existence probability of better beam except for initial K beams in Case I
	
	100 ms
	200 ms
	300 ms
	400 ms
	500 ms
	600 ms
	700 ms

	K = 8
	0.132 
	0.228 
	0.333 
	0.421 
	0.430 
	0.500 
	0.544 

	K = 16
	0.009 
	0.018 
	0.044 
	0.088 
	0.096 
	0.149 
	0.167 

	K = 24
	0.000 
	0.000 
	0.009 
	0.044 
	0.053 
	0.088 
	0.132 

	K = 32
	0.000 
	0.000 
	0.009 
	0.035 
	0.044 
	0.053 
	0.088 

	K = 48
	0.000 
	0.000 
	0.009 
	0.026 
	0.026 
	0.035 
	0.044 


Table A-3: Existence probability of better beam except for initial K beams in Case II
	
	200 ms
	400 ms
	600 ms

	K = 8
	0.096 
	0.228 
	0.298 

	K = 16
	0.000 
	0.026 
	0.026 

	K = 24
	0.000 
	0.009 
	0.009 

	K = 32
	0.000 
	0.009 
	0.000 

	K = 48
	0.000 
	0.000 
	0.000 


Table A-4: ∆RSRP with respect to certain delay in Case I
	
	100 ms
	200 ms
	300 ms
	400 ms
	500 ms
	600 ms
	700 ms

	∆RSRP
	1.56 
	2.03 
	2.60 
	2.93 
	3.43 
	3.87
	4.26 


Table A-5: ∆RSRP with respect to certain delay in Case II
	
	200 ms
	400 ms
	600 ms

	∆RSRP
	1.53 
	2.03 
	2.56 


