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1. Introduction
In the previous RAN4 meetings, delay requirements of intra-frequency measurement have been discussed, but there are still some remaining issues including scaling factor related to Rx beam sweeping and scaling factor for SCell measurement in case of CA. In this contribution, we provide our views on remaining issues for requirements of intra-frequency measurement.
2. Discussion
Delay requirement for FR2
Latest specification for requirements of intra-frequency measurement is following.
	TS38.133 [1]
Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[ 600ms, ceil( [5] x Kp x KRLM) x N1 x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5 x [5] x Kp x KRLM) x N1 x max(SMTC period,DRX cycle) ]

	DRX cycle>320ms
	Ceil( [5] x Kp x KRLM) x N1 x DRX cycle

	…
	…

	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



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

	No DRX
	max[ 400ms, ceil( 5 x Kp x KRLM) x N3 x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 400ms, ceil(1.5x 5 x Kp x KRLM) x N3 x max(SMTC period,DRX cycle) ] 

	DRX cycle>320ms
	ceil(5 xKp x KRLM ) x N3 x DRX cycle

	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


 


In the previous RAN4 meetings, delay requirement of intra-frequency measurement for FR2 have been discussed, but scaling factors related to Rx beam sweeping, i.e. N1 and N3, are not concreated yet because companies have different views on value of N, e.g. N = 4 or N = 8. As we have argued in the last several meetings [2], too long delay requirements for PSS/SSS detection and measurement would cause degradation of system performance since difference between actual channel condition and measurement results calculated during measurement period would be quite large due to too long measurement delay. Table 1 shows calculated values with respect to number of measurement samples and SMTC periodicity. Even if we assume 40 ms SMTC periodicity, calculated delay values are longer than 1 second with more than 24 samples. It would be critical issue for system performance, and these calculated values would become longer with taking collision with RLM-RS and/or MG into consideration. Since UE cannot perform RRM measurement and RLM simultaneously in FR2, some of SSB timings covered by SMTC window are utilized for RLM in case where SMTC periodicity is same as RLM-RS periodicity. In addition to relationship between SMTC and RLM-RS, measurement gap configuration has some impact on measurement delay because some SMTC window occasions would be punctured by measurement gap when SMTC window is partially overlapped with measurement gap. For example, if we assume SMTC periodicity is same as RLM-RS periodicity as typical deployment scenario, UE can utilize only two of three SMTC window occasions, and this fact means measurement delay would be 1.5 times longer than calculated values in Table 1. 
[bookmark: _GoBack]From system performance point of view, we have proposed N = 4 both for PSS/SSS detection and RSRP measurement delay requirements, and these scaling factors correspond to 20 samples with 5 samples for each measurement. At the RAN4 AH1807, it was proposed to calculate the delay requirement based on total number of required samples for measurement. We think that this would be good approach to reach consensus. As we mentioned above, 20 samples are preferable from system performance perspective, but some companies have insisted that UE would need more samples for PSS/SSS detection and measurement from UE implementation perspective. Considering both aspects of system performance and UE implementation, 24 samples for delay requirements would be acceptable as compromise.
Observation 1: For FR2, delay requirements for PSS/SSS detection and RSRP measurement could be derived based on total number of samples required for each measurement.
Proposal 1: Number of samples to derive delay requirements for PSS/SSS detection and measurement should be 24, and delay requirements are specified as following.
PSS/SSS detection (no DRX): max( 600 ms, ceil( 24 × Kp × KRLM) × SMTC period )
RSRP measurement (no DRX): max( 400 ms, ceil( 24 × Kp × KRLM) × SMTC period )

Table 1: Calculated values with respect to number of samples
 (Number of samples × SMTC periodicity ms)
	SMTC periodicity
	5 ms
	10 ms
	20 ms
	40 ms
	80 ms
	160 ms

	20 samples
	100
	200
	400
	800
	1600
	3200

	24 samples
	120
	240
	480
	960
	1920
	3840

	28 samples
	140
	280
	560
	1120
	2240
	4480

	30 samples
	150
	300
	600
	1200
	2400
	4800

	32 samples
	160
	320
	640
	1280
	2560
	5120


Requirements in case of CA
In the last several meetings, delay requirements in case of CA have been discussed, and it was agreed that PCell/PSCell measurement was not relaxed even if some SCell measurement are configured at RAN4 #86bis meeting. However, scaling factor Kca for multiple SCells have been still under discussion. In this section, we provide our views on scaling factor for multiple SCells.
As mentioned above, RAN4 already agreed that PCell/PSCell measurement was not relaxed, i.e. Kca = 1 for PCell/PSCell. In terms of Kca for multiple SCells, however, some companies provided their concerns on processing time of searcher for SCell measurement at the last RAN4 meeting. If we assume that somewhat processing time would be required for a SCell measurement, measurements of the other carriers might be affected during such processing time, and taking processing time into account would make specification more complicated. Therefore, it was proposed to define delay requirements based on number of measured SCell carriers irrespective of SMTC configurations. However, this would cause long delay requirements even for the carrier which would not need to be relaxed due to measurement for the other carriers. On the other hand, scaling factor based on SMTC configurations on each carrier was also proposed, e.g. same methodology as scaling factor for inter-frequency measurement, but some companies pointed out that utilizing minimum SMTC periodicity for Kca instead of MGRP for CSFinter to derive the scaling factor would be problematic since interval between subsequent samples could be too short from UE measurement point of view. According to above discussion, there would be several discussion points as following.
· SMTC configuration on each carrier
· Processing time of searcher for SCell measurement
· Appropriate minimum interval between consecutive samples from measurement point of view etc.
We think it would be difficult to determine how to derive scaling factor with taking all above aspects into consideration. However, requirements at least for carriers which are not affected by measurements for the other carriers should not be relaxed. For example, as shown in Case A in Figure 1, measurement for CC#3 might be affected by measurement for CC#1 or CC#2 if we assume 15 ms processing time after 5 ms SMTC window. On the other hand, as shown in Case B, when processing time is much shorter than SMTC periodicity and SMTC window offset is different from other carriers, e.g. CC#3, measurement for such carrier would not be affected by measurement for the other carriers, and hence, requirements should not be relaxed by any scaling factors.
[image: ]
Figure 1: Illustration of intra-frequency measurement in case of CA

Observation 2: Requirements of SCell measurement at least for the carrier which is not affected by measurements for the other carriers should not be relaxed.
Proposal 2: When SMTC window on a carrier is separated by [TBD] ms from SMTC windows on the other carriers, delay requirements for such carrier should not be relaxed, i.e. Kca = 1 for that carrier.
3. Conclusion
In this contribution, we provided our views on remaining issues on delay requirements for intra-frequency measurement, and we made following observations and proposals.
Observation 1: Delay requirements for PSS/SSS detection and RSRP measurement could be derived based on total number of samples required for each measurement.
Proposal 1: Number of samples to derive delay requirements for PSS/SSS detection and measurement should be 24, and delay requirements are specified as following.
PSS/SSS detection (no DRX): max( 600 ms, ceil( 24 × Kp × KRLM) × SMTC period )
RSRP measurement (no DRX): max( 400 ms, ceil( 24 × Kp × KRLM) × SMTC period )
Observation 2: Requirements of SCell measurement at least for the carrier which is not affected by measurements for the other carriers should not be relaxed.
Proposal 2: When SMTC window on a carrier is separated by [TBD] ms from SMTC windows on the other carriers, delay requirements for such carrier should not be relaxed, i.e. Kca = 1 for that carrier.
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