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1 Introduction

The following has been agreed [1] on RLM for NR-U in RAN4#92:
· The same target BLER levels are used as a baseline for NR-U and for Rel-15 NR

· Define the NR-U RLM requirements for SSB RLM resources within DRS window

· RAN4 does not work on RLM requirements for any new RLM metric, unless RAN1 decides to define such

· In-sync evaluation period:
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· Maximum value of Lin is TBD

In this contribution, we further discuss RLM requirements for NR-U.
2 Discussion
2.1 RLM in-sync

For in-sync, RAN4 needs to decide on Lin and the corresponding UE behavior.
It is reasonable to assume that Lin depends on the number of evaluation samples needed for evaluation. For example, Lin equal to the number of evaluation samples (e.g., 5 for long DRX) would tolerate 50% LBT failure probability for a cell, and Lin equal to the double of the number of evaluation samples would correspond to 2/3 LBT failure rate. Furthermore, too long evaluation periods need to be avoided, particularly for long DRX cycle lengths. Based on this approach, the following is being proposed for Lin.
· Proposal 1: 

	Configuration
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(100, Ceil((5 + Lin)*P)*TSSB)

	DRX cycle≤320
	Max(100, Ceil(1.5*(5 + Lin)*P)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil((5 + Lin)*P)*TDRX

	NOTE 1:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.

NOTE 2:   Lin is the number of SSBs not available at the UE during TEvaluate_in_SSB, where Lin ≤ Lin,max.
NOTE 3:   Lin,max=20 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX, Lin,max=10 for 40<Max(TDRX,TSSB)≤320, Lin.max=5 for TDRX>320.


According to TS 38.133: 
“for in-sync, when the downlink radio link quality on at least one of the configured RLM-RS resources is better than Qin, layer 1 of the UE shall send an in-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the in-sync indications as specified in TS 38.331.”
If an in-sync evaluation for some RLM-RS failed during one evaluation period due to excessive number of LBT failures, the UE Layer 1 is not able to send an in-sync indication to higher layers even if SINR is high (though the evaluation is not complete), which is fine since even though the link quality may be good the channel is still busy and thus may not be suitable for communication.

· Proposal 2: When is Lin is exceeded, UE layer 1 shall not send any indication to higher layers and shall try to complete the next in-sync evaluation period.
2.2 RLM out-of-sync

For out-of-sync, several approaches can be envisioned, e.g.:
Option 1: using the same approach as for in-sync – a potential problem here is that the operation point for out-of-sync may be too low for reliable detection of whether an RLM-RS is present or not based on a single sample.

Option 2: same as Option 1 in combination with using a higher Qout threshold for NR-U than in Rel-15 – the effective coverage will decrease which may be not desirable.

Option 3: performing RLM-RS detection based on multiple samples prior to using the samples for the out-of-sync evaluation – the evaluation period will increase.

Among the above options, there is no ideal solution, but Option 3 may be a good compromise between system and UE performance.
· Proposal 3: For out-of-sync, define evaluation period based on Lout and multiple (e.g., 2) samples for detecting the presence of RLM-RS.

· Proposal 4: More specifically, the out-of-sync evaluation period can be defined as follows:

	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	Max(100, Ceil((10 + X + Lout)*P)*TSSB)

	DRX cycle≤320
	Max(100, Ceil((15 + X + Lout)*P)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil((10 + X + Lout)*P)*TDRX

	NOTE 1:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.

NOTE 2:   Lout is the number of SSBs not available at the UE during TEvaluate_out_SSB, where Lout ≤ Lout,max.
NOTE 3:   Lout,max=40+X for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX, Lout,max=20+X for 40<Max(TDRX,TSSB)≤320, Lout,max=10+X for TDRX>320.

NOTE 4: X is for additional delay depending on the number Ndet of samples needed to determine the presence of SSB by UE. X=0 and Ndet=1 for SINR≥[-6] dB, X=TBD and Ndet=2 for SINR<[-6] dB.


The multi-sample based detection of SSB can be done without significant increase in the evaluation time, e.g., in a sliding fashion, in which case only Ndet-1 would have to be added in the evaluation time function.

· Proposal 5: X=Ndet-1.

RAN4 needs also to define UE behavior when Lout is exceeded. According to TS 38.133: 

“when the downlink radio link quality on all the configured RLM-RS resources is worse than Qout, layer 1 of the UE shall send an out-of-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the out-of-sync indications as specified in TS 38.331.”

As can be seen from the above, generally, since out-of-sync indication is based on the link quality of all configured RLM-RSs, an out-of-sync evaluation failure for a single RLM-RS does not trigger the out-of-sync indication to higher layers. However, evaluation failure is still reasonable to associate with a poor link of the same RLM-RS resource, therefore it is proposed that upon out-of-sync evaluation failure for an RLM-RS resource the UE behavior is the same as if the radio link quality were below Qout for this RLM-RS resource. Furthermore, the UE shall try to complete the next out-of-sync evaluation period.
· Proposal 6: Upon out-of-sync evaluation failure for an RLM-RS resource the UE behavior is the same as if the radio link quality were below Qout for this RLM-RS resource. Furthermore, the UE shall try to complete the next out-of-sync evaluation period.

3 Summary

The following have been proposed in this contribution:
· Proposal 1: 

	Configuration
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(100, Ceil((5 + Lin)*P)*TSSB)

	DRX cycle≤320
	Max(100, Ceil(1.5*(5 + Lin)*P)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil((5 + Lin)*P)*TDRX

	NOTE 1:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.

NOTE 2:   Lin is the number of SSBs not available at the UE during TEvaluate_in_SSB, where Lin ≤ Lin,max.
NOTE 3:   Lin,max=20 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX, Lin,max=10 for 40<Max(TDRX,TSSB)≤320, Lin.max=5 for TDRX>320.


· Proposal 2: When is Lin is exceeded, UE layer 1 shall not send any indication to higher layers and shall try to complete the next in-sync evaluation period.

· Proposal 3: For out-of-sync, define evaluation period based on Lout and multiple (e.g., 2) samples for detecting the presence of RLM-RS.

· Proposal 4: More specifically, the out-of-sync evaluation period can be defined as follows:

	Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	Max(100, Ceil((10 + X + Lout)*P)*TSSB)

	DRX cycle≤320
	Max(100, Ceil((15 + X + Lout)*P)*Max(TDRX,TSSB))

	DRX cycle>320
	Ceil((10 + X + Lout)*P)*TDRX

	NOTE 1:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.

NOTE 2:   Lout is the number of SSBs not available at the UE during TEvaluate_out_SSB, where Lout ≤ Lout,max.
NOTE 3:   Lout,max=40+X for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX, Lout,max=20+X for 40<Max(TDRX,TSSB)≤320, Lout,max=10+X for TDRX>320.

NOTE 4: X is for additional delay depending on the number Ndet of samples needed to determine the presence of SSB by UE. X=0 and Ndet=1 for SINR≥[-6] dB, X=TBD and Ndet=2 for SINR<[-6] dB.


· Proposal 5: X=Ndet-1.

· Proposal 6: Upon out-of-sync evaluation failure for an RLM-RS resource the UE behavior is the same as if the radio link quality were below Qout for this RLM-RS resource. Furthermore, the UE shall try to complete the next out-of-sync evaluation period.
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