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1 	Introduction
The reliability of UE detection for the presence of SSBs has been discussed. In this paper, the corresponding simulation result is provided, and the RLM requirements for NR-U are also discussed.  
2 Analysis on UE detection for the presence of SSBs
Since DL LBT failure is unknown to UE, UE would just perform SINR estimation on the candidate SSB positions by assuming the SSB is transmitted, even if the DRS was not transmitted by BS. One conjecture in last meeting was that UE may be able to tell whether DRS was transmitted or not based on the RSRP estimation. To address this comment, we conducted some simulation to further check the reliability of presence detection on SSBs, in a single cell scenario.
[bookmark: _Ref20919622]The CDF of RSRP estimated at UE side under different SNR side conditions are shown in Figure 1 and Figure 2, for SCS of 15kHz and 30kHz respectively. The detailed simulation parameters are listed in the Appendix.   In the figures, the leftmost curve shows the RSRP would be estimated when the DRS samples is not transmitted. The RSRP overlapping region of the leftmost curve and the other curves indicate how likely UE would consider transmitted DRS samples as “not transmitted”.      
[image: ]
Figure 1. CDF of 1-sample RSRSP estimation (TDL-C, SCS=15kHz).

[image: ]
Figure 2. CDF of 1-sample RSRSP estimation (TDL-C, SCS=30kHz).

Table 1 summarizes the mis-detection rate under different SNR side conditions, wherein the mis-detection rate is defined as the probability of the detected RSRP of transmitted SSB below the 95%-tile CDF of the detected RSRP when SSB is not transmitted. 

Table 1: Mis-detection rate on the presence of a SSB, under fading channel used in R15 RLM test case.

	SNR side condition
	Mis-detction rate

	
	SCS = 15 kHz
	 SCS = 30 kHz

	0dB
	0.2%
	 0.2%

	-5dB
	7.3%
	 7.4% 

	-10dB
	53.6%
	 53.6%

	-12dB
	69.9%
	 72.5%

	-15dB
	85.7%
	 86.0%



Based on above analysis, the reliability of this kind of detection is questionable.  
· When SNR is below -10dB, it will lead to high probability (>50%) that UE would consider a SSB as “not transmitted”. Therefore UE is very likely to keep extending the corresponding measurement/evaluation period. 
· When the SNR above a certain level (e.g. [-5]dB), UE may be able to detect the present of SSB. 
Note that above evaluation is based on one single cell. In other words, if BS does not transmit SSB, the estimated RSRP is purely contributed by noise. If the multi-cell scenario is considered, there could be still a neighboring cell which is transmitting SSB when UE’s serving cell fails LBT. In this case, the estimated RSRP for the case of SSB not transmitted would go higher, since the interference from other cells would be received and introduce additional estimation errors.
[bookmark: _Ref21077807]Observation 1: It is not practical to rely on UE detection for the presence of SSB to extend the measurement/evaluation period under low SNR condition.
[bookmark: _Ref20904816][bookmark: _Ref20919626][bookmark: _Ref24003451]Proposal 1: For SNR<X dB, UE is not able to detect the presence of SSB; for SNR>Y dB, UE may be able to detect the presence of SSB. FFS value of X and Y.
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3 OOS evaluation period
The unavailable SSBs could be due to bad channel condition or LBT failure at BS, but UE would not know it, since UE may not be able to reliably detect the existence of SSB in low SNR region, as discussed in Section 2. Due to this fact, we suggest that the OOS evaluation period is specified based on the assumption that UE does not detect the presence of SSB. As a consequence, the OOS evaluation period should not be dynamically extended according to the number of unavailable SSBs.
On the other way, to avoid too many OOS indications triggered by DL LBT failure, the OOS evaluation period can be scaled up by a fixed scaling factor (e.g. 2). So that UE is allowed to consider more samples before indicating OOS. It can observe that the fixed scaling factor on OOS evaluation will not always delay the indication of OOS. For example, for an advanced UE, which is able to achieve sufficient accuracy with fewer samples and may be able to detect the presence of SSBs under low SNR condition, it should allow such UE to indicate OOS earlier than the entire OOS evaluation period. 
[bookmark: _Ref24003435][bookmark: _Ref21077829]Observation 2: Advanced UEs could send out OOS indications earlier than the entire OOS evaluation period.
[bookmark: _Ref24003456]Proposal 2: As minimum requirement, the OOS evaluation is scaled up by a fixed scaling factor (e.g. 2), and it should allow UE to indicate OOS indicate earlier than the entire of OOS evaluation period. 
 
4 INS evaluation period
The evaluation period of INS indication for NR-U will be extended due to the number of DRS/DMTC occasions not available at the UE. One example is shown in Figure 3. At the beginning of SNR2, the INS evaluation period will be extended, no matter the reason is due to missed DRS or transmitted DRS under very low SNR. Therefore, the UE can keep indicating INS, if the total number of missed DRS or transmitted DRS under low SNR is not larger than Lin,max. Note that for advanced UE, it is also allowed to stop indicating INS if it has the confidence on the SSB presence.
[bookmark: _Ref24003439][bookmark: _Ref21094780]Observation 3: UE can keep indicating INS when the INS evaluation is extended, when the SSB is not transmitted or the SSB is transmitted but under low SNR condition.

[image: ]
Figure 3. Example of INS evaluation period extended due to the DRS occasions missing at the UE.

One the other hand, the OOS evaluation will be performed as the same time as the INS evaluation. From Figure 1, it can also observe that the OOS indication could be also sent out during SNR2. Therefore, the Lin,max *TSSB should be shorter that the OOS evaluation period, in order to avoid UE to indicate INS and OOS simultaneously. 
[bookmark: _Ref21077823]Proposal 3: The Lin,max *TSSB should be shorter that the OOS evaluation period.

5 OOS & INS indication period
One related issue is whether to extend the indication period of INS/OOS due to the missing DRS occasions. In our view the R15 baseline can be reused. 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. 
[bookmark: _Ref21077817]Proposal 4: Not to extend the indication period of out-of-sync and in-sync due to the missing DRS occasions.
6 Summary
In this paper, UE detection for SSB presence is analyzed. And, the RLM requirements for NR-U are provided. We have the following observations and proposals:
Observation 1: It is not practical to rely on UE detection for the presence of SSB to extend the measurement/evaluation period under low SNR condition.
Proposal 1: For SNR<X dB, UE is not able to detect the presence of SSB; for SNR>Y dB, UE may be able to detect the presence of SSB. FFS value of X and Y.
Observation 2: Advanced UEs could send out OOS indications earlier than the entire OOS evaluation period.
Proposal 2: As minimum requirement, the OOS evaluation is scaled up by a fixed scaling factor (e.g. 2), and it should allow UE to indicate OOS indicate earlier than the entire of OOS evaluation period.
Observation 3: UE can keep indicating INS when the INS evaluation is extended, when the SSB is not transmitted or the SSB is transmitted but under low SNR condition.
Proposal 3: The Lin,max *TSSB should be shorter that the OOS evaluation period.
Proposal 4: Not to extend the indication period of out-of-sync and in-sync due to the missing DRS occasions.
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Appendix: Simulation Assumptions

Table A.1: Simulation Parameters
	Parameters
	Value

	Deployment
	Single cell

	SCS
	30 kHz

	SNR range
	-15dB ~ 0dB

	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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COF curve for 1-sample SS-RSRP estimation @ TOL-C, SC=15kHz
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CDF curve for 1-sample SS-RSRP estimation @ TOL-C SC=30kHz
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