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	Introduction
On NR-U, LBT failure may cause the reduced transmission for signals, such as RLM-RS. When UE monitors the downlink link quality based on the reference signal in the configured RLM-RS resource(s), the missing RLM-RS may introduce more out-of-sync indication, and then trigger RLF. In RAN1#93[1], the agreement about RLM/RRM has been reached as follows:
	Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied



In this contribution, at the first step, we figures out how much impact on RLF will missing RLM-RS have. And then, we will find the solutions if the impact can’t be negligible.
	Discussion
RLM and RLF
On NR, according to 38.133[2] and 38.213[3], the UE shall monitor the downlink link quality based on the configured RLM-RS resource(s) for the purpose of indicating out-of-sync/in-sync status to higher layers. The configured RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs.
[bookmark: OLE_LINK1]UE shall evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] evaluation period becomes worse than the threshold Qout_SSB. When the radio link quality is worse than the threshold Qout for all resources in configured RLM-RS resource, the physical layer in the UE indicates out-of-sync to RRC.
[bookmark: OLE_LINK2]UE shall evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_in_SSB [ms] evaluation period becomes better than the threshold Qin_SSB. When the radio link quality is better than the threshold Qin for any resource in configured RLM-RS resource, the physical layer in the UE indicates, in-sync to RRC.
According to 38.331[4], if receiving N310 consecutive "out-of-sync" indications from the physical layer, UE shall start timer T310. Upon receiving N311 consecutive "in-sync" indications from the physical layer while T310 is running, the UE shall stop timer T310. Upon T310 expiry, UE shall declare RLF and initiate the connection re-establishment procedure. An example of RLM/RLF procedure is shown in Figure 1.
[image: ]
Figure 1 An example of RLM/RLF procedure
Compared with the periodic and constant transmission of RLM-RS on NR, the LBT failure will result in the missing RLM-RS on NR-U. In the RLM procedure of NR, UE will treat the missing RLM-RS as very poor channel quality. However, considering that UE has the capability of false alarm detection, UE is able to distinguish the missing RLM-RS. In the RLM procedure of NR-U, how to deal with the missing RLM-RS still is a problem.
In the following, we will clarify the impact of missing RLM-RS on RLF through simulation and find out the solutions.
Simulation and analysis
First of all, in order to distinguish the reason triggering RLF, we adopts two cases to simulate the RLM procedure separately:
· Case 1: treating the measurement result of missing RLM-RS as very poor channel quality 
· Case 2: ignoring the measurement result of missing RLM-RS
The following table summarizes the results of RLF probability and LBT failure probability. More details of the simulation assumptions can be found in Annex.
Table 1. Summary of simulation results
	Simulation result
	Lamda=0.2
	Lamda=0.13
	Lamda=0.1

	
	Case 1
	Case 2
	Gain
	Case 1
	Case 2
	Gain
	Case 1
	Case 2
	Gain

	LBT failure probability
	36.92%
	19.37%
	5.76%

	RLF probability for cell edge UE
	33.35%
	25.00%
	+32.58%
	27.80%
	22.20%
	+25.23%
	11.10%
	11.10%
	0%

	RLF probability for cell center UE
	9.03%
	7.64%
	+18.30%
	5.55%
	4.16%
	+33.33%
	0.00%
	0.00%
	0%

	RB usage ratio
	45.45%
	34.34%
	15.58%



As shown in Table 1, the increment of traffic volume will result in intense contention among nodes, and then increase the LBT failure probability correspondingly. Although the RLF probability increases along with the raising of LBT failure probability, we should distinguish the impact of LBT failure and heavy interference.
Under the light load (lamda=0.1), RLF probability of Case 1 and Case 2 is the same, so LBT failure has no impact on RLF; Under the medium load (lamda=0.13), the increment of RLF probability between Case 1 and Case 2 has increased to 25.23% for cell edge UEs and 33.33% for cell center UEs; Under the high load (lamda=0.2) the increment of RLF probability between Case 1 and Case 2 has increased to 32.58% for cell edge UE and 18.30% for cell center UEs.  Since the increment reflects the impact of LBT failure on RLF, we can see that the LBT failure has important impact on RLF probability under the medium and high load from the simulation results. 
Observation 1:  On NR-U, the impact of LBT failure on RLF is not negligible under the medium and high load.
It is seen that the increment of RLF probability increases along with the rising of LBT failure. This is because LBT failure is considered as poor link quality in Case 1 so that OOS condition is easier to be met.
Observation 2: RLF probability will increase along with the rising of LBT failure probability
In the conclusion, LBT failure has unnegligible impact on triggering OOS indication in the RLF procedure. 
So, RAN2 should discuss how to deal with the impact of LBT failure on RLF procedure. 
Proposal 1:  RAN2 should further discuss the scheme to treat the impact of LBT failure on the RLM procedure on NR-U.
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]When gNB has little chance to serve UE due to LBT failures, it is better for UEs to switch to other carriers once realizing this condition. So, if UE can distinguish LBT failures from poor channel quality condition for transmission of RLM-RS, a mechanism to trigger carrier selection when necessary due to LBT failures can be considered. For example, when the percentage of LBT failures for transmission of RLM-RS within a certain period reaches a threshold, an RRC reestablishement procedure can be triggered.
Proposal 2:  RAN2 should discuss a mechanism to trigger carrier selection when necessary due to LBT failures.
	Conclusion 
The proposals are as follows:
Observation 1:  On NR-U, the impact of LBT failure on RLF is not negligible under the medium and high load.
Observation 2: RLF probability will increase along with the raising of LBT failure probability
Proposal 1:  RAN2 should further discuss the scheme to treat the impact of LBT failure on the RLM procedure on NR-U.
Proposal 2:  RAN2 should discuss a mechanism to trigger carrier selection when necessary due to LBT failures.
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Annex
Simulation assumptions for system-level simulation
Table 2 Key parameters in RLM/RLF procedure
	The key parameter
	value

	N310 
	4

	N311 
	4

	T310
	200 ms

	the periodicity of SSB
	10 ms

	SINR for threshold Qout_SSB
	-7 dB

	SINR for threshold Qin_SSB
	-6 dB



Table 3. System parameters of system-level simulation
	Parameters
	Indoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz 

	Number of carriers
	1

	Number of users per operator
	15 per gNB per 20MHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	 Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1
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