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1 Introduction

In RAN4#91, a Way Forward on NR-U RRM was agreed in [1], where the following has been agreed for intra-frequency measurements:
	
	NR-U SCell       
(Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell (Scenario B Note 2)
	NR-U PCell (Scenario C Note 2)

	Non-CA
	N/A
	· PSCell and PSCC: SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR): new requirements are needed, depending on signal availability

· PSCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability

· PSCC: RSSI and channel occupancy: new requirements are needed
	· PCell and PCell carrier: SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR): new requirements are needed, depending on signal availability

· PCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability

· PCell carrier: RSSI and channel occupancy: new requirements are needed

	CA
	· SCell and SCC: SSB-based and CSI-RS based measurements (RSRP/RSRQ/SINR): new requirements are needed, depending on signal availability

· SCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability

· SCC: RSSI and channel occupancy: new requirements are needed
	N/A
	N/ANote 2


In this contribution, we discuss the impact of LBT failures on intra-frequency measurements without gaps for UE in RRC_CONNECTED state in NR-U.
2 Intra-frequency Measurements in LTE LAA

In LTE LAA, the impact of LBT on intra-frequency measurements was captured in the measurement period and measurement reporting delay requirements. Namely, 
· the cell identification period was extended to account for the number L of configured DRS occasions which are not available during the cell identification period at the UE due to DL LBT,
· the measurement period was extended to account for the number M of configured DRS occasions which are not available during the measurement period at the UE due to DL LBT,

· the cell identification and measurement period were defined while taking into account that the UE needs to determine whether DRS are present in each occasion prior to using the samples,
· a scaling factor is applied to account for the partial overlap between DRS occasions and measurement gaps,

· a scaling factor is applied to account for the partial overlap between DRS occasions on multiple SCCs,

· measurement reporting delay may be extended when the UE is performing UL LBT on the carrier used for measurement reporting.
3 LBT Impact in NR-U
NR requirements are defined for FR1 and FR2. The NR-U bands are in the 5 GHz and 6 GHz ranges, which suggests that NR FR1 requirements are used as a starting point for NR-U.

· Proposal 1: RAN4 develops NR-U RRM requirements based on NR FR1 requirements which are modified when needed, e.g., to capture the LBT impact.

Similar principles used in LTE LAA, as described above, can to be adapted for NR-U intra-frequency measurements without gaps. However, we observe that the scaling factors, similar to K1 and K2, for NR-U can be captured in CSSF´ intra to be defined to NR-U.
· Observation: There may be no need in separate scaling factors due to the overlap with measurement gaps or DRS occasions on other intra-frequency NR-U carrier frequencies; the corresponding effects can be captured in CSSF´intra to be defined for NR-U.

· Proposal 2: The time periods TPSS/SSS_sync_intra , TSSB_time_index_intra , and T SSB_measurement_period_intra need to be extended for NR-U to account for L1, L2, and L3 missed DRS occasions, respectively, due to DL LBT.
In one example, the PSS/SSS detection time in non-DRX for intra-frequency on PCell, PSCell, or activated SCell may be defined for NR-U as: 
max(600 ms, ceil( (5+L1) x Kp) x DRS period ) x CSSF´intra, where
L1 is the number of missing DRS occasions at the UE due to DL LBT during the PSS/SSS detection time,

CSSF´intra is the scaling factor for intra-frequency measurements adapted for NR-U.
Similarly, the corresponding time index detection time in NR-U may be defined as:

max(120 ms, ceil( (3+L2) x Kp ) x DRS period) x CSSF´intra ,
and the corresponding measurement time in NR-U may be defined as:
max(200 ms, ceil( (5+L3) x Kp) x DRS period) x CSSF´intra ,
where L2 and L3 are the missing DRS occasions at the UE due to DL LBT during the time index detection and measurement times, respectively.
To prevent too long delays in cell identification and measurements due to DL LBT, maximum values for L1, L2, and L3 are to be defined. Furthermore, to avoid tool long time between closest samples available at the UE, there may be a need to define a condition that no more than a certain number of DRS samples are missing consecutively.
· Proposal 3: Maximum allowed values for L1, L2, and L3 are specified. 
· Proposal 4: The requirements shall not apply when the number of consecutively missing DRS occasions is too large. The maximum value is TBD
The cell identification and measurement requirements are defined at certain side conditions. To maintain the same coverage, it is proposed that the NR-UE intra-frequency requirements are defined at least for Es/Iot≥-6 dB.
· Proposal 5: The intra-frequency cell identification and measurement requirements are defined at least for Es/Iot≥-6 dB.
4 Summary

The following have been proposed and observed in this contribution:
· Proposal 1: RAN4 develops NR-U RRM requirements based on NR FR1 requirements which are modified when needed, e.g., to capture the LBT impact.

· Observation: There may be no need in separate scaling factors due to the overlap with measurement gaps or DRS occasions on other intra-frequency NR-U carrier frequencies; the corresponding effects can be captured in CSSF´intra to be defined for NR-U.

· Proposal 2: The time periods TPSS/SSS_sync_intra , TSSB_time_index_intra , and TSSB_measurement_period_intra need to be extended for NR-U to account for L1, L2, and L3 missed DRS occasions, respectively, due to DL LBT, e.g., for non-DRX case on PCell, PSCell, or activated SCell:

T´PSS/SSS_sync_intra =max(600 ms, ceil( (5+L1) x Kp) x DRS period ) x CSSF´intra,

T´SSB_time_index_intra =max(120 ms, ceil( (3+L2) x Kp ) x DRS period) x CSSF´intra ,

T´SSB_measurement_period_intra =max(200 ms, ceil( (5+L3) x Kp) x DRS period) x CSSF´intra .

· Proposal 3: Maximum allowed values for L1, L2, and L3 are specified. 

· Proposal 4: The requirements shall not apply when the number of consecutively missing DRS occasions is too large. The maximum value is TBD
· Proposal 5: The intra-frequency cell identification and measurement requirements are defined at least for Es/Iot≥-6 dB.
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