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Introduction
This paper presents Nokia’s view on RRM aspects related to the operation between 52.6 GHz and 71 GHz when LBT is required for channel access. In the last RAN4 meeting, RAN4 endorsed the first set of RRM requirements with LBT in FR2-2 in [1]. It was agreed the following regarding the requirements with LBT [2]:
	· The step of FR2-2 RRM requirements extension due to missed SMTC/SSB occasions is equal to N SMTC/SSB occasions, where N is RX beam sweeping scaling factor
· The RRM requirements are extended by the number of SSB/SMTC occasions groups not available at UE. An SSB/SMTC occasions group consists of N consecutive SSB/SMTC occasions. An SSB/SMTC occasions group is not available, when at least one SSB/SMTC occasion in the group is not transmitted by the gNB.
· The definition of SSB/SMTC occasion follows Rel-16 NR-U definition
· FFS how to introduce the test case
· FFS if agreement applies to RLM OOS and BFD
· RAN4 will reuse the FR1 value of maximum number of SMTC occasions not available at the UE considering that for FR2-2 it is the maximum number of SMTC/SSB groups with at least one SMTC/SSB occasion not available at the UE. 
· Within the set of measurements any two measurements shall not be separated in time by more than X ms. 
· RAN4 to keep N as RX beam sweeping scaling factor but update N in 9.2A and 9.3A to NSSB




Discussion
Separation between samples of the same measurement
In the last RAN4 meeting, RAN4 agreed on a framework that extends the requirements for RRM / RLM measurements in case of LBT failures in the downlink. This framework is based on the concept of a SMTC / SSB occasion group, which is a set of N SMTC/SSB occasions, where N is the RX beam sweeping factor. In case one SMTC/SSB occasion fails within a group, the requirements are extended by N SMTC/SSB occasions, up to a limit of extensions which is defined according to the specific measurement.
Currently, the RX beam sweeping factor is defined as 8 in TS 38.133, but it is being discussed whether this value will change in FR2-2. Anyway, there is no limitation on the number of consecutive LBT failures and the framework agreed by RAN4 allows multiple consecutive LBT failures to occur. The issue is that, if too many consecutive failures occur within the time window of samples considered for the same measurement, and the channel conditions have changed at the UE due to mobility, for example, the UE might be relying on samples that are too old.
Let’s get an example of intra-frequency PSS/SSS detection. In this case, if there is no DRX cycle configured, the extension of time period for PSS/SSS detection is up to 7 SMTC occasion groups. Assuming that the SMTC periodicity is 20 ms, one SMTC occasion group duration, considering N = 8, would be 160ms. One possible case of failure is that the UE gets the measurements in a first SMTC occasion group and have 7 consecutive SMTC occasion group failures before getting the remaining samples needed for completing the measurement. Therefore, in this example, the samples could be separated by 7 x 160 ms = 1.12 s. In another example, the UE is configured with a DRX cycle = 640 ms, a DRX group would last for 5.12 s, and the UE could have up to 3 DRX group failures according to LPSS/SSS,max, which could lead to 15.36 s between successful samples. Table 1 summarizes the duration of consecutive group failures for different SMTC / DRX cycle configurations during the intra-frequency PSS/SSS detection.
Table 1 - Duration of consecutive group failures for the intra-frequency PSS/SSS detection according to the SMTC or DRX cycle configuration
	
	RX beam sweeping factor 
	SMTC occasion group or DRX group duration [s]
	LPSS/SSS,max
	Duration of LPSS/SSS,max consecutive group failures [s]

	SMTC period = 20 ms
	8
	0.16
	7
	1.12

	SMTC period = 40 ms
	
	0.32
	7
	2.24

	SMTC period = 80 ms
	
	0.64
	7
	4.48

	SMTC period = 160 ms
	
	1.28
	7
	8.96

	DRX cycle = 320 ms
	
	2.56
	5
	12.8

	DRX cycle = 640 ms
	
	5.12
	3
	15.36



The configuration of the SMTC and DRX depend on the mobility scenario. The SMTC occasion group duration depends on the SMTC period configured to each UE and on the RX beam sweeping scaling factor and it can go from 160 ms to 5.12 s according to Table 1, depending on the SMTC / DRX cycle configuration. 
In NR-U, the number of consecutive failures is also limited by the Lmax value for each procedure. Considering the example above, with a DRX cycle = 640ms, the limit given by Lmax for Rx beam sweeping factor = 1, the maximum time between samples would be 1.92 seconds.
Therefore, in our view, it makes sense that instead of using just a fixed maximum time period for the separation between samples, we could use it as a maximum value between a given number of DRX occasion groups and a maximum period between samples. This way, some of the configurations would be limited by the Duration of Lmax consecutive group failures, and others would be limited by a fixed value. 
Within the set of measurements any two measurements shall not be separated in time by more than 2 seconds when no DRX is configured. 
Within the set of measurements any two measurements shall not be separated in time by more than max(1 DRX occasion group duration, 2 seconds) when DRX is configured. 
The requirements do not apply if two measurements exceed the maximum separation.
RSSI measurements
The following agreements on RSSI measurements were made in RAN1 #106bis and #108. 
	Agreements from RAN1 #106bis
Support extending Rel.16 L3-RSSI to unlicensed operation in FR2-2
· Introduce RRC configuration for reference SCS, measurement duration, and measurement bandwidth
· Extend the reference SCS/CP field (ref-SCS-CP-r16) and measurement duration field (measDurationSymbols-r16) in RMTC-Config
· FFS value range and valid combinations for ref-SCS-CP-r16 and measDurationSymbols-r16
· Introduce parameter in RMTC-Config to indicate the measurement bandwidth
· FFS: Value range for measurement bandwidth
· For the QCL Type-D of L3-RSSI measurement, down-select one or both of the following alternatives
· Alt 1: gNB configures the beam when configures the L3-RSSI measurement
· Alt 2: Use the QCL type-D of the latest received PDSCH and the latest monitored CORESET




	Agreement in RAN1 #107-bis
On measDurationSymbols and reference SCS/CP for L3-RSSI
· On measDurationSymbols-r16 with ref-SCS-CP-r16=120KHz, extend measDurationSymbols-r16 to {1,14,28,42,70,140}
· On measDurationSymbols-r16 with ref-SCS-CP-r16=480KHz (if supported), extend measDurationSymbols-r16 to {1,14,28,42,70,140, 560}
· On measDurationSymbols-r16 with ref-SCS-CP-r16=960KHz (if supported), extend measDurationSymbols-r16 to {1,14,28,42,70,140, 560,1120}




	Agreements from RAN1 #108

For the QCL Type-D of L3-RSSI measurement for unlicensed operation in FR2-2, if explicit TCI state is configured, use the TCI state. 
· Use the QCL type-D of the latest PDSCH reception or latest CORESET monitoring for RSSI measurement, if the explicit TCI state is not configured. 
· A dynamic update mechanism for TCI-State in RMTC-Config is not further considered in Rel.17
· The explicit TCI state is configured at least in RMTC-Config
· Note: For inter-frequency L3-RSSI measurement, the TCI state configured is with respect to the target frequency TCI state
· Note2: For a given L3-RSSI measurement occasion, the UE needs to identify the last PDSCH reception or last configured CORESET monitoring (whichever is later) before the L3-RSSI measurement occasion, and use the QCL Type-D of that for L3-RSSI monitoring
Agreement
Support 480 kHz and 960 kHz as reference SCS/CP for L3-RSSI.




RAN1 has defined L3-RSSI measurements in FR2-2, which are based on the solutions for FR1. RSSI measurements are still based on RMTC configuration, and the duration of the measurement is defined by measDurationSymbols-r16, which was extended to support 120 kHz, 480 kHz and 960 kHz SCS. 
The main differences between RSSI measurements in FR1 and FR2-2 are: in FR2-2 the RSSI measurement bandwidth and the TCI state can be configured in the RMTC-Config.
The RSSI measurement does not depend on any reference signal, therefore, the RAN4 requirements in NR-U only considered the RMTC-periodicity, the measurement gap repetition period and the measurement reporting interval. Additionally, since there are no reference signals to be measured, our view is that it is not necessary to consider the Rx beam scaling factor in the measurement period. Even for the case with the QCL Type-D L3-RSSI measurement, the TCI state is either configured or the UE should use the QCL type D of the latest PDSCH reception, so there is no need to update the requirements.  In short, our view is that the requirements can be reused in FR2-2.  In NR-U in FR1, the requirements were defined for the following cases:
1) SMTC and RMTC are overlapping, without measurement gaps
2) SMTC and RMTC are not overlapping, without measurement gaps
3) With measurement gaps. 

Define the measurement period for intra-frequency RSSI measurements without measurement gaps when SMTC and RMTC are overlapping as:
	Condition NOTE1,2
	T RSSI_measurement_period_intra_cca

	No DRX
	max(reportInterval, rmtc-Periodicity*CSSFoutside_gap,i)

	DRX
	max(reportInterval, max(rmtc-Periodicity, DRX cycle) *CSSFoutside_gap,i)

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	CSSFoutside_gap, i is a carrier specific scaling factor and is determined according to CSSF outside_gap,i in clause 9.1.5.1 for measurement conducted outside measurement gap.



Define the measurement period for intra-frequency RSSI measurements without measurement gaps when SMTC and RMTC are not overlapping as:
	Condition NOTE1,2
	T RSSI_measurement_period_intra_cca

	No DRX
	max(reportInterval, Nintra-MO*rmtc-Periodicity)

	DRX
	max(reportInterval, Nintra-MO*max(rmtc-Periodicity, DRX cycle))

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	Nintra-MO is defined as the number of measurement objects that can be measured without gaps



Define the measurement period for intra-frequency RSSI measurements with measurement gaps as:
	Condition NOTE1,2
	T RSSI_measurement_period_intra_cca

	No DRX
	max(reportInterval, max(rmtc-Periodicity, MGRP) x CSSFintra)

	DRX
	max(reportInterval, max(rmtc-Periodicity, MGRP, DRX cycle) x CSSFintra)

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	CSSFintra is a carrier specific scaling factor and is determined according to CSSFwithin_gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps.




Scheduling availability during intra-frequency measurements
In the past RAN4 meetings, the scheduling availability in FR2-2 has been discussed. The main difference from the FR2-1 requirements is that RAN4 agreed that deriveSSB-IndexFromCell cannot be assumed to always be enabled in FR2-2. This agreement was also confirmed for operation with LBT in FR2-2[6]. 
When deriveSSB-IndexFromCell is not enabled, the scheduling restriction extends to all symbols within the SMTC, and when deriveSSB-IndexFromCell is enabled, the scheduling restriction applies only on a subset of symbols before and after the SSB symbols to be measured. A similar approach was taken in NR-U in FR1. Therefore, we believe that the requirements from FR2-2 can be reused for operation with LBT in FR2-2. 
The scheduling availability during intra-frequency measurements in carrier frequencies with CCA in FR2-2 is the same as the scheduling availability defined for operation without CCA in FR2-2. 
Radio Link Monitoring
In the last meeting, the concept of SMTC / SSB occasion groups was defined in RAN4. Whether this definition applies for out-of-sync RLM and BFD was listed as FFS. 
After an extensive discussion in Rel-16 NR-U, it was agreed in RAN4 that the RLM OOS evaluation period would not be extended by the number of DL LBT failures, but it would be extended by a fixed time window instead. The reason why this was agreed in RAN4 was that in low SINR the UE has no means of distinguishing whether the signal is absent due to LBT failure, or if it was sent but the SINR is too low for detection. 
In principle, RAN4 could agree on the same concept for RRM requirements with LBT in FR2-2, and extend the evaluation period for OOS RLM by a fixed factor. However, the exact duration of this extension should be carefully discussed. 
For operation with LBT, extend the RLM out-of-sync evaluation period by a fixed factor in FR2-2.
In NR-U requirements, the number of SSB occasions considered for RLM OOS for SINR  -7 dB equals 13 for cases with DRX configured with DRX cycle longer than 320 ms. If we multiply this by the RX beam sweeping factor equal to 8, the SSB OOS evaluation period would be longer than 66 seconds. In the shortest evaluation period, with no DRX configured and SSB period equal to 20 ms, the evaluation period would be longer than 2.7 seconds.
In order to avoid such large evaluation period, we propose that instead of considering an OOS evaluation period in the order of twice the IS evaluation period with the largest extension due to LBT failure, RAN4 considers the OOS evaluation period equal to the longest extension of the IS evaluation period for a given SSB periodicity and DRX cycle configuration.
Define the RLM out-of-sync evaluation period for FR2-2 requirements with LBT as:
	Configuration
	TEvaluate_out_SSB,CCA (ms)

	
	

	no DRX
	Max(200, Ceil([12]*P* N)*TSSB)

	DRX cycle≤320
	Max(200, Ceil(1.5*[10]*P* N)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil([8]*P* N)*TDRX




i. 
[bookmark: _Toc64909510]Conclusion
This paper has presented the discussion on LBT RRM requirements for the extension to 71GHz. As part of this discussion, we have made the following observations and proposals:
1. Within the set of measurements any two measurements shall not be separated in time by more than 2 seconds when no DRX is configured. 
Within the set of measurements any two measurements shall not be separated in time by more than max(1 DRX occasion group duration, 2 seconds) when DRX is configured. 
The requirements do not apply if two measurements exceed the maximum separation.
1. RAN1 has defined L3-RSSI measurements in FR2-2, which are based on the solutions for FR1. RSSI measurements are still based on RMTC configuration, and the duration of the measurement is defined by measDurationSymbols-r16, which was extended to support 120 kHz, 480 kHz and 960 kHz SCS. 
The main differences between RSSI measurements in FR1 and FR2-2 are: in FR2-2 the RSSI measurement bandwidth and the TCI state can be configured in the RMTC-Config.
Define the measurement period for intra-frequency RSSI measurements without measurement gaps when SMTC and RMTC are overlapping as:
	Condition NOTE1,2
	T RSSI_measurement_period_intra_cca

	No DRX
	max(reportInterval, rmtc-Periodicity*CSSFoutside_gap,i)

	DRX
	max(reportInterval, max(rmtc-Periodicity, DRX cycle) *CSSFoutside_gap,i)

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	CSSFoutside_gap, i is a carrier specific scaling factor and is determined according to CSSF outside_gap,i in clause 9.1.5.1 for measurement conducted outside measurement gap.



Define the measurement period for intra-frequency RSSI measurements without measurement gaps when SMTC and RMTC are not overlapping as:
	Condition NOTE1,2
	T RSSI_measurement_period_intra_cca

	No DRX
	max(reportInterval, Nintra-MO*rmtc-Periodicity)

	DRX
	max(reportInterval, Nintra-MO*max(rmtc-Periodicity, DRX cycle))

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	Nintra-MO is defined as the number of measurement objects that can be measured without gaps



Define the measurement period for intra-frequency RSSI measurements with measurement gaps as:
	Condition NOTE1,2
	T RSSI_measurement_period_intra_cca

	No DRX
	max(reportInterval, max(rmtc-Periodicity, MGRP) x CSSFintra)

	DRX
	max(reportInterval, max(rmtc-Periodicity, MGRP, DRX cycle) x CSSFintra)

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	CSSFintra is a carrier specific scaling factor and is determined according to CSSFwithin_gap,i in clause 9.1.5.2 for measurement conducted within measurement gaps.



The scheduling availability during intra-frequency measurements in carrier frequencies with CCA in FR2-2 is the same as the scheduling availability defined for operation without CCA in FR2-2. 
For operation with LBT, extend the RLM out-of-sync evaluation period by a fixed factor in FR2-2.
Define the RLM out-of-sync evaluation period for FR2-2 requirements with LBT as:
	Configuration
	TEvaluate_out_SSB,CCA (ms)

	
	

	no DRX
	Max(200, Ceil([12]*P* N)*TSSB)

	DRX cycle≤320
	Max(200, Ceil(1.5*[10]*P* N)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil([8]*P* N)*TDRX
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