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1 Introduction

In RAN4#91, a Way Forward on NR-U RRM was agreed in [1], where the following was agreed on RLM.
	
	NR-U SCell
(Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell 
(Scenario B)
	NR-U PCell 
(Scenario C)

	RLM: Requirements for RLM, e.g., based on SSB, CSI-RS or both (details depend on agreements in other groups)
	N/A
	For PSCell; new requirements are needed, depending on signal availability
	For PCell: new requirements are needed, depending on signal availability


The related agreements in other groups are:
RAN1#97:
Agreement:

For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.

· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 

· FFS: Whether and how DRS transmission window is configured to the UE

RAN1#96:

Agreement:

· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.

· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window

· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.

· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.

· FFS: Mechanism to handle missing RLM-RS due to LBT failure

Agreement:

The maximum DRS transmission window duration is 5 ms.

· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.

· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.

· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

RAN2#105-Bis:

· FFS: A new RLF trigger mechanism for missing RLM-RS may be defined at upper layers but RAN2 should wait for RAN1 conclusion on this issue

RAN2#105:

· Consistent LBT failures can lead to RLF, at least for UL transmissions, for which consistent failures can currently eventually lead to RLF 

2 Discussion
In LTE, LAA has been introduced for SCells only, so RLM in unlicensed spectrum was not discussed and there is no LBT failure impact on RLM in Rel-13/Rel-14 LTE LAA.
In NR-U, there are scenarios with PCell and/or PSCell in unlicensed spectrum (Scenario C and Scenario B, respectively), so as agreed in [1], RAN4 needs to develop new RLM requirement taking into account the DRS signal availability.
In NR, the UE is configured with one or more RLM-RS resources for each of which the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin (derived based on a hypothetical PDCCH transmission) for the purpose of monitoring downlink radio link quality of the cell. More specifically, the UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out period becomes worse than the threshold Qout within TEvaluate_out evaluation period, and the UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in period becomes better than the threshold Qin within TEvaluate_in evaluation period. The out-of-sync and in-sync evaluation periods defined for SSB-based RLM in FR1 are shown below. 
Table 1: RLM evaluation periods in NR Rel-15

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	max(200,ceil(10*P)*TSSB)
	max(100,ceil(5*P)*TSSB)

	DRX cycle≤320
	max(200,ceil(15*P)*max(TDRX,TSSB))
	max(100,ceil(7.5*P)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(10*P)*TDRX
	ceil(5*P)*TDRX

	NOTE:
TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.


In NR-U where the UE needs to coop with DL LBT failures, the evaluation periods TEvaluate_out and TEvaluate_in need to be extended to compensate for the DRS occasions which were not transmitted due to LBT failure. For example, for non-DRX case, this may be done as shown below, assuming Lout and Lin are the number of DRS occasions missing at the UE due to LBT failure, respectively.
Table 2: Example RLM evaluation periods for NR-U
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	no DRX
	max(200,ceil((10+Lout)*P)*TDRS)
	max(100,ceil((5+Lin)*P)*TDRS)


According to RAN1 agreement (see above), SSB cannot fall outside the DRS window, so for SSB-based RLM TDRS would correspond to TSSB.

· Proposal 1: RLM evaluation periods for NR-U are extended by the number of missing DRS occasions (Lout and Lin for out-of-sync and in-sync, respectively) due to DL LBT failure, e.g., as shown for SSB-based RLM in non-DRX:
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	no DRX
	max(200,ceil((10+Lout)*P)*TSSB)
	max(100,ceil((5+Lin)*P)*TSSB)


· Proposal 2: To prevent too long evaluation periods, RAN4 specifies the limits for Lout and Lin for which the requirements shall apply.
The Rel-15 NR RLM requirements are derived for out-of-sync block error rate (BLERout) of 10% and in-sync block error rate (BLERin) of 2%, which are determined by the operated deployments and services. Since the same reference services are likely to be supported in NR and NR-U, the NR-U RLM requirements may be specified for the same target BLER levels.
· Proposal 3: The same target BLER levels are used as a baseline for NR-U and for Rel-15 NR.
In NR, RLM requirements are defined for SSB and CSI-RS. However, there are not so many agreements for CSI-RS based RLM in RAN1. Therefore, it is proposed that RAN4 starts developing NR-U RLM requirements for SSB RLM resources within the DRS window, until further agreements in RAN1 related to CSI-RS and the transmissions outside the DRS window.
· Proposal 4: RAN4 starts developing NR-U RLM requirements for SSB RLM resources within the DRS window.
3 Summary

The following have been proposed in this contribution:
· Proposal 1: RLM evaluation periods for NR-U are extended by the number of missing DRS occasions (Lout and Lin for out-of-sync and in-sync, respectively) due to DL LBT failure, e.g., as shown for SSB-based RLM in non-DRX:

	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	no DRX
	max(200,ceil((10+Lout)*P)*TSSB)
	max(100,ceil((5+Lin)*P)*TSSB)


· Proposal 2: To prevent too long evaluation periods, RAN4 specifies the limits for Lout and Lin for which the requirements shall apply.
· Proposal 3: The same target BLER levels are used as a baseline for NR-U and for Rel-15 NR.

· Proposal 4: RAN4 starts developing NR-U RLM requirements for SSB RLM resources within the DRS window.
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