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1. Introduction
Requirements on cell identification delay have been discussed in previous meetings, but some parts of the delay requirements were still under discussion. For FR2, it was agreed to consider scaling factor N related to Rx beam sweeping to derive delay requirements. In this paper, we provide our views on requirements of cell identification for FR2.
2. Discussion
At the last RAN4 meeting, requirements on cell identification delay including PSS/SSS detection, SSB index acquisition, and RSRP measurement were discussed and following requirements were captured in TS 38.133. However, some parts of the requirements have been still under discussion, e.g. number of samples for PSS/SSS detection and scaling factor N related to Rx beam sweeping.
	TS 38.133
Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	max([X1], [5 or 6] x N1 x SMTC period)Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Editor’s note: The values of X1, and N1 are to be updated.



Table 9.2.5.1-4: Time period for time index detection (Frequency range FR2)
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	max([X2], [5] x N2 x SMTC period)Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Editor’s note: The values of X2 and N2 are to be updated.



Table 9.2.5.2-2: Measurement period for intrafrequency measurements without gaps(Frequency FR2)
	DRX cycle
	T SSB_measurement_period  

	No DRX, or DRX cycle < SMTC periodicity
	max([X3], 5 x N3 x SMTC period)Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
Editor’s note: The values of X3 and N3 are to be updated.






Regarding required number of samples for PSS/SSS detection, 5 sample would be enough as same as FR1 case based on companies’ link level simulation results [1]. For FR2, we need to consider not only minimum boundary of delay requirement and required number of samples but also scaling factor N related to Rx beam sweeping. Value of scaling factor N was discussed at the last RAN4 meeting, but there was no conclusion on the value. From system performance point of view, too large value of N would cause degradation of performance since delay requirements would be too long considering dynamic channel variation in FR2. On the other hands, UE would have some Rx beams, so it would be necessary to relax delay requirements to allow flexibility on UE implementation. However, N would not need to reflect actual number of Rx beams. If UE has larger number of Rx beams, UE could complete measurements with fewer samples per beam since UE would have benefit from higher Rx beamforming gain. Therefore, N should be a just scaling factor to relax the requirements, and it would be important to consider final delay requirements derived from determined values, i.e. actual value of sample number × N × SMTC periodicity. Table 1 shows calculated values with respect to N and SMTC periodicity. If N would be 5 or larger, each PSS/SSS detection, SSB index acquisition, and RSRP measurement delay would be 1 sec or longer even in case of SMTC periodicity = 40 ms.
Table 1: Calculated values with respect to N and SMTC periodicity (5 x N x SMTC periodicity ms)
	SMTC periodicity
	5 ms
	10 ms
	20 ms
	40 ms
	80 ms
	160 ms

	N = 2
	50
	100
	200
	400
	800
	1600

	N = 3
	75
	150
	300
	600
	1200
	2400

	N = 4
	100
	200
	400
	800
	1600
	3200

	N = 5
	125
	250
	500
	1000
	2000
	4000

	N = 6
	150
	300
	600
	1200
	2400
	4800


As we mentioned in [2], 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. 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. Regarding SSB index acquisition, UE would have some knowledge about Rx beam UE could utilize for that cell since UE has already completed PSS/SSS detection. Therefore, N2 for SSB index acquisition could be smaller than N1 for PSS/SSS detection.
Regarding minimum boundary of delay requirements, i.e. X1, X2, and X3, two aspects should be taken into consideration. One is minimum sample interval due to high channel correlation between samples, and the other is boundary corresponding to minimum requirement from system performance perspective. If sample interval is too short, multiple samples with such a short interval might not help UE for detection of signal due to high channel correlation. Thus, minimum interval should be taken into consideration as same as RSRP measurement for FR1, e.g. minimum boundary is 200 ms = 5 samples × 40 ms. For FR2, channel variation would be more dynamic than that in FR1, and hence minimum interval of samples could be 20 ms as discussed at the last RAN4 meeting. On the other hands, if minimum boundary would be too short even considering minimum sample interval based on channel correlation, it would cause UE power consumption because UE might need to perform measurement frequently. In addition, too short measurement period would not be required even from system performance perspective as same as PSS/SSS detection for FR1, e.g. 600 ms is reused from LTE case. 
For FR2, restriction due to Rx beam causes longer measurement delay than FR1, and hence minimum boundary should be determined based on minimum interval of samples. In other words, shorter delay requirements would be required from system performance perspective. Therefore, minimum boundary could be simply calculated in the way sample number × N × 20 ms.
Proposal 1: For FR2, PSS/SSS detection delay, SSB time index acquisition delay, and measurement period would be expressed as following except for some cases where additional scaling factor would be necessary such as in case with overlapping with measurement gap, or CA case.
TPSS/SSS_sync = max( [400], [5] × [4] × SMTC_period ) ms
TSSB_time_index = max( [200], [5] × [2] × SMTC_period ) ms
TSSB_measurement_period = max( [400], 5 × [4] × SMTC_period ) ms

As well as in FR1, when SMTC window timings of intra-frequency measurements for multiple serving carriers in FR2 are overlapped, additional scaling factor based on SMTC configurations needs to be applied to delay requirements due to the assumption on limited number of cell searchers [1].
Proposal 2: When SMTC window timings on multiple serving carriers are overlapped, delay requirements on intra-frequency measurements for those carriers should be relaxed by using scaling factor derived by SMTC configurations of those carriers.
· Method to derive scaling factor in gap sharing case [3] should be considered as baseline.
· FFS on how scaling factor for intra-frequency measurement on PCell/PSCell carrier is derived.

3. Conclusion
In this contribution, we provided our views on cell identification delay requirements for FR2, and we made following proposals.
Proposal 1: For FR2, PSS/SSS detection delay, SSB time index acquisition delay, and measurement period would be expressed as following except for some cases where additional scaling factor would be necessary such as in case with overlapping with measurement gap, or CA
TPSS/SSS_sync = max( [400], [5] × [4] × SMTC_period ) ms
TSSB_time_index = max( [200], [5] × [2] × SMTC_period ) ms
TSSB_measurement_period = max( [400], 5 × [4] × SMTC_period ) ms
Proposal 2: When SMTC window timings on multiple serving carriers are overlapped, delay requirements on intra-frequency measurements for those carriers should be relaxed by using scaling factor derived by SMTC configurations of those carriers.
· Method to derive scaling factor in gap sharing case [3] should be considered as baseline.
· FFS on how scaling factor for intra-frequency measurement on PCell/PSCell carrier is derived.
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