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1 Introduction
In this paper we provide our view on the RLM requirements in NR-U, including
· UE monitoring capabilities for QCLed SSBs
· The simulation results of SNR side condition that UE is able to distinguish whether the SSB is available or not
· Definition and threshold of SINREST for determination on the OOS evaluation period for SSB-based RLM
2 UE monitoring capabilities for QCLed SSBs 
In the previous meeting, RAN4 sent LS [1] to RAN1 about whether monitoring all candidate SS/PBCH block indexes corresponding to the same SS/PBCH block index is mandatory for UEs. RAN1’s reply LS regarding the monitoring capability [2] is as follows.  
 (
RAN1 would like to thank RAN4 for their LS [1] related to NR-U SSB monitoring capabilities.
Related to the four questions asked by RAN4, RAN1 feedback is as follows.
[Question 1]
 Provide feedback whether monitoring within a given discovery burst transmission window all candidate SS/PBCH block indexes corresponding to the same SS/PBCH block index is mandatory for UEs.
[RAN1 answer]
 During RAN1 discussion, we did not reach consensus on how to set N1 and N2 values. However, it is RAN1 understanding that RAN4 may choose not to define different RLM/RRM performance requirements corresponding to different N1/N2 capabilities. 
Hence, assuming a single RLM/RRM performance requirement, the introduction of N1/N2 UE capabilities is not necessary. 
It is RAN1 understanding that how many candidate SS/PBCH block indexes corresponding to the same SS/PBCH block index the UE should monitor in a given discovery burst transmission window can be left as UE implementation, as long as the single RLM/RRM performance requirement is met.
As a consequence, RAN1 has agreed that from RAN1 perspective, N1 and N2 should not be defined as UE capabilities.
)















[bookmark: _Ref47540546]Observation 1: UE is not mandated to monitoring all candidate SBIs corresponding to the same SBI, within a given discovery burst transmission window. 
[bookmark: _Ref47540549]Observation 2: It is RAN1 understanding that how many candidate SBIs corresponding to the same SBI the UE should monitor in a given discovery burst transmission window can be left as UE implementation, as long as the single RLM/RRM performance requirement is met.
In many RAN4 NR-U RRM requirements, the evaluation/measurement period depends on the number of “not available SSBs”. However, the observed number of “not available SSBs” will be impacted by the different UE implementations. For examples, the UEs monitoring 1 position (candidate SBI) is more likely to observe larger number of “not available SSBs” than the UEs monitoring N>1 positions. Currently, there is no capability signaling for the number of positions to monitor, so this capability is unknown to network. As a result, UE and network would have different understanding on the time period in requirements.
[bookmark: _Ref20919622]To void this misunderstanding, the requirement can be specified based on certain predefined numbers, without introducing the variable N1/N2 UE capabilities. 
For example, one option is to define “available SSB” based on the assumption that UE is capable to monitor at least one candidate SBI corresponding to the same SBI within the discovery burst transmission window. In this way, the UEs monitoring 1 or more positions can meet the requirement. 
[bookmark: _Ref20904816][bookmark: _Ref47540558][bookmark: _Ref20919626]Proposal 1: In a given discovery burst transmission window, UE is required to monitor at least one candidate SBI corresponding to the same SBI. 
Since the observed number of “not available SSBs” will be impacted by this assumption, this clarification should be captured in the terminology for unavailable SSB/SMTC occasions. 
[bookmark: _Ref47540561]Proposal 2: Capture the number of candidate SBIs corresponding to the same SBI UE should monitor to in the terminology for unavailable SSB/SMTC occasions.   


3 OOS evaluation period for SSB-based RLM 
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SINR
EST
 is the estimated SINR at the UE side
Option 1: Filtered SINR estimate over evaluation period
Option 2: Current SSB SINR estimate
Option 3: last available SSB SINR
Other options are not precluded
)In the last meeting, one remaining issue for RLM is the SNR side condition that UE is able to distinguish whether the SSB is available or not. The corresponding agreement can be found in [3].

In order to conclude the value of SINREST, on which UE can apply the corresponding OOS evaluation period, we have a 2-step approach as follows.  
· Step 1: Understand the transmitted Es/Iot condition on the SSBs (if transmitted by network), so that UE can distinguish whether the SSBs are available or not.
· Step 2: Understand SINREST that UE can ensure the SSBs (if transmitted by network) meet the transmitted Es/Iot condition which is concluded in the step 1. 
Step 1: the transmitted Es/Iot condition that UE can distinguish whether the SSBs are available or not
For step 1, we conducted simulation in order to check the reliability of SSB presence detection in a single cell scenario, where the detailed simulation parameters are listed in the Appendix.
Figure 1 shows he CDFs of SINR measured at UE side, while the leftmost curve shows the SINR would be measured when the SSB occasion is not transmitted. From the SINR overlapping region of the leftmost curve and the other curves, it can be observe the false alarm rate (the probability to consider a “not-transmitted” SSB as “transmitted”) and the misdetection rate (the probability to consider a “transmitted” SSB as “not-transmitted”), according to a SINR threshold to determine whether a SSB is transmitted or not.
Regarding the false alarm rate, according to the 95%-tile CDF of noise-only curve, it can be observed the false alarm rate is <5% if a SSB is considered as “transmitted” when the measured SINR is larger than -11.48 dB. In other words, a “not-transmitted” SSB will be considered as “transmitted” with less than 5% probability when the SINR threshold of -11.48 dB is applied. 
On the other hand, the mis-detection rate can also be observed by the measured SINR of transmitted SSB below the SINR threshold (e.g. -11.48 dB). Table 1 summarizes the mis-detection rate when the SINR threshold is set to -11.48 dB, subject to 5% false alarm rate.
[image: image006]
Figure 1 CDF of 1-sample SINR estimation (TDL-C, SCS=30kHz).
Table 1: Mis-detection rate on the SSB detection, under fading channel used in R15 RLM test case (TDL-C, SCS=30kHz).
	SNR side condition
(Es/Iot)
	Misdetection rate

	-10dB
	18.1%

	-8dB
	4.7%

	-6 dB
	<3%

	-4 dB
	<3%





From Table 1, it can be observed that the mis-detection rate will be lower than 5% when the SSB is transmitted with Es/Iot of -8dB. In other words, if the SSB is transmitted with Es/Iot higher than -8dB, UE can distinguish whether a SSB occasion is transmitted or not, by setting an SINR threshold of -11.5dB for estimated SINR. 
[bookmark: _Ref47691268]Proposal 3: UE is not able to distinguish the unavailable SSB when the SSB (if transmitted) with transmitted Es/Iot ≤ -8 dB in NR-U.
Next step is how to understand what is the estimated SINR than UE can ensure the transmitted Es/Iot is higher than -8dB, so that UE is able to distinguish the unavailable SSB and apply the corresponding OOS evaluation period.
Step 2: SINREST that UE can ensure that the transmitted Es/Iot is higher than -8dB
This scenario is similar to the SNR2 vs. Qout in RLM test case, where UE can ensure the estimated SINR will not be lower than Qout of -10dB, by setting SNR2 of -7dB with 3dB margin. In order to consider the measurement inaccuracy and different implementations, the 3 dB margin between SNR2 and Qout can be a reference to conclude SINREST. 
[bookmark: _Ref47559512]For example, if the SINREST is higher than – 8dB + 3dB (margin) = - 5 dB, UE can ensure the transmitted Es/Iot will be higher than -8dB, and thus UE can ensure it is able to distinguish unavailable SSBs and apply meaningful OOS evaluation period. Note that the 3 dB margin in R15 RLM test case was assuming the estimation is over the whole OOS evaluation periods.
Proposal 4: Regarding the condition “SINREST ≤ X dB the OOS evaluation period”, X = -5 dB.  

Since UE is required to apply corresponding OOS evaluation according to the SINREST, the SINREST should be based on the whole evaluation period, to ensure UE will have the capability to distinguish all the SSBs are available or not within the period. 

For example, if the SINREST is based on only one sample with high SNR, and then the UE will be considered as it is able to distinguish within the whole evaluation period and apply the corresponding OOS evaluation. As a result, the evaluation period will be wrongly derived. 

In addition, in order to avoid determine a evaluation period of SINREST based on another varying period which is depending on the number of not available SSBs, the observation period for SINREST should be based on a predefined evaluation period with L = Lmax. 

[bookmark: _Ref47559516]Proposal 5: SINREST is the SINR estimate over evaluation period with L=Lmax.  
4 Indication period of OOS & INS
One issue has not been discussed is whether to extend the indication period of INS/OOS due to the missing SSB occasions. In R15, the indication period is not extended for the overlapping between MG and RLM-RS, and UE just derives the indication based on the old available samples. In our view, the R15 baseline can be reused.
[bookmark: _Ref21077817]Proposal 6: Not to extend the indication period of out-of-sync and in-sync due to the not available SSB occasions.
5 Summary
In this paper, RLM requirements for NR-U have been discussed. We have the following observations and proposals:
Observation 1: UE is not mandated to monitoring all candidate SBIs corresponding to the same SBI, within a given discovery burst transmission window.
Observation 2: It is RAN1 understanding that how many candidate SBIs corresponding to the same SBI the UE should monitor in a given discovery burst transmission window can be left as UE implementation, as long as the single RLM/RRM performance requirement is met.
Proposal 1: In a given discovery burst transmission window, UE is required to monitor at least one candidate SBI corresponding to the same SBI. 
Proposal 2: Capture the number of candidate SBIs corresponding to the same SBI UE should monitor to in the terminology for unavailable SSB/SMTC occasions.
Proposal 3: UE is not able to distinguish the unavailable SSB when the SSB (if transmitted) with transmitted Es/Iot ≤ -8 dB in NR-U.
Proposal 4: Regarding the condition “SINREST ≤ X dB the OOS evaluation period”, X = -5 dB.
Proposal 5: SINREST is the SINR estimate over evaluation period with L=Lmax.
Proposal 6: Not to extend the indication period of out-of-sync and in-sync due to the not available SSB occasions.
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Appendix. Simulation assumptions
Table A.2: Simulation Parameters
	Parameters
	Value

	Deployment
	Single cell

	SCS
	30 kHz

	SNR range
	-inf, -10dB, -8dB, -6dB, -4dB

	Noc level
	-100dBm/15kHz; - 97dBm/30kHz

	Number of samples (M)
	1 (single sample measurement)

	Propagation condition
	Fading channel (TDL-C 300ns 100Hz, as used in RLM test case)
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CDF Curve for one shot SS SINR performance @ TDL C, SC = 30kHz
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