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1	Introduction
In this document, we discuss the remaining aspects of RLM in NR-U, considering the following agreements in last 2 RAN4 meetings:
	In RAN4 #95e, the following was agreed:

· Whether UE is able to distinguish the unavailable RLM-RS in low SNR in NR-U 
· Option 1: UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -7dB in NR-U
· Option 2: UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -XdB in NR-U. X is FFS based on simulation results.
· Except for initial access, Q is always known at the UE
· CSI-RS based CBD requirement 
· RAN4 start to discuss CSI-RS based BFD requirement after RAN1 conclude on CSI-RS validation
 
· SSB-based OOS evaluation period: 
· For SINREST ≤ X dB the OOS evaluation period 
· Option 1: Keep unchanged
· Option 2: Fixed extension of number of samples as follows: 
· L = TBD for max(TSSB, TDRX) ≤ 40, 
· L = TBD for 40 <Max(TDRX, TSSB)≤320 
· L = TBD for TDRX >320
· For SINREST > X dB the OOS evaluation period is FFS
· X = [-7dB]
· SINREST 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 RAN4 #94ebis, the following was agreed: 
· The set of SSBs that UE is required to monitor
· Define the following UE capabilities
· For RLM/BFD/CBD UE is required to monitor at least N1 candidate SSB positions from the set of SSBs that are QCLed with each other within the set of configured resources
· For intra and inter-frequency measurements UE is required to monitor at least N2 candidate SSB positions from the set of SSBs that are QCLed with each other within SMTC 
· FFS for the case Q is not provided to the UE
· FFS how to handle IDLE mode capabilities
· Candidate N1 and N2 values are [1, 2, …]
· FFS whether N1 = N2
· FFS whether to have different capabilities for FBE and LBE modes
· Send LS to RAN1 to ask for feedback on candidate values N1 and N2 taking into account impact on the overall system performance
· Further discuss other cases
· For both LBE and FBE, RLM requirements shall not rely on COT
OOS evaluation period for SSB-based RLM
Option 2: OOS evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB 
Option 3: The evaluation period is scaled by a fixed scaler
FFS: excluding samples whose SNR is higher than X dB
Whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions
Send LS to RAN1 in RAN4#95-e meeting about the observation from RAN4 perspective about concern on transmit power of RS 
In RAN4#95-e meeting, RAN4 decides whether to keep working on CSI-RS based RLM requirement in Rel-16
CBD requirement: Take the proposal for SSB-based CBD in R4-2004032 as the starting point. FFS the exact numbers




In RAN1 #101e, RAN4 LS was answered. Below, we provide an excerpt of the reply LS [8]:
	[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.




[bookmark: _Hlk7682270][bookmark: _Hlk27035999]2	SSB based RLM
Despite the good progress achieved in the previous RAN4 meetings, there are still remaining issues for SSB based RLM in NR-U, which are discussed in the next sections.
2.1	Out-of-sync evaluation period
For out-of-sync evaluations, it was discussed in RAN4 #95e, whether the UE is capable of differentiating a SSB received with low SINR, from an LBT failure. In this case, the requirements could be defined in different ways, depending on the SINR.
The SINR threshold in which the differentiation could be possible was not yet defined in RAN4, but in low SINR; the assumption is that the UE is not able to differentiate one case from the other. I high SINR, the differentiation can be assumed. Considering this, we propose the following:
In high SINR, the assumption is that UE is capable of distinguish an LBT failure. In this case, it makes sense to follow the approach that was defined for the in-sync evaluations. 
In NR, the evaluation OOS period is twice the period of the IS evaluation period. Given that the extension of the IS evaluation period is calculated based on the missing SSB occasions, to avoid the situation in which the IS evaluation period becomes larger than the OOS evaluation period, we believe that it is necessary to also extend the OOS evaluation period. In [5] it was shown that if the IS evaluation period is extended to account for the missing SSB occasions, and the OOS evaluation period is not extended, the situation in which the UE reports at the same time IS and OOS might occur. To avoid this situation, the OOS period in low SINR should be at least as large as the maximum IS evaluation period. 
In high SINR, above X dB, the out-of-sync (OOS) evaluation period is defined using the same principles that were agreed for the in-sync (IS) evaluation period: it is extended based on the missing SSB occasions, Lout. The maximum extension of the evaluation period is defined as:
Lout,max = 14 for max(TSSB, TDRX) ≤ 40 ms, 
Lout,max = 10 for 40 <Max(TSSB, TDRX) ≤320 ms
Lout,max = 6 for TDRX>320 ms
In low SINR, as mentioned above, this differentiation is not possible, so the UE cannot count how many samples, Lout, are missing during the evaluation period. For example, In [4], a set of simulations were presented showing the SSB misdetection probability under low SINR levels. It has been shown that for SINR side condition equal to -10 dB, for example, the misdetection probability is in the order of 50%, concluding that it can be challenging for the UE to distinguish between a low SINR SSB and an LBT failure. 
Therefore, since the UE cannot count the missing samples in low SINR, but it is necessary to extend the evaluation period, we propose to also extend the evaluation period in this case but based on a fixed number of samples.  
To ensure that the OOS evaluation period is always larger than the IS evaluation period, also in the case in which the SINR ≤ X dB, the OOS evaluation period is always extended by a fixed number of samples, K, as follows: 
K = 14 for max(TSSB, TDRX) ≤ 40 ms, 
K = 10 for 40 <Max(TSSB, TDRX) ≤320 ms
K = 6 for TDRX>320 ms
Define the OOS evaluation period in NR-U as follows:
	Configuration
	TEvaluate_out_SSB (ms), for •	
SINREST >X dB 
	TEvaluate_out_SSB (ms) , for 
SINREST ≤-X dB

	no DRX
	Max(200, Ceil((10 + Lout) P)  TSSB)
	Max(100, Ceil(24  P)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(1.5  (10 + Lout)  P)  Max(TDRX,TSSB))
	Max(100, Ceil(1.5  20  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil((10 + Lout)  P)  TDRX
	Ceil(16  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=14 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX, Lout,max=10 for 40<Max(TDRX,TSSB)≤320, Lout,max=6 for TDRX>320.



Additionally, in the agreement in the last RAN4 meeting, 3 options for estimating the SINR were given: 
· SINREST 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
Among these options, we believe that option 1 is the best, since it may be more robust over the channel variations. 
The SINR estimate is based on the filtered SINR estimate over the evaluation period.
2.3 Number of SSB candidate positions that the UE is required to monitor in FBE 
In the last RAN4 meeting it was also discussed whether to have different capabilities for FBE (frame based equipment) and LBE (load based equipment) mode. 
The RAN1 design is applicable only to LBE mode, in which the initiation of a transmission can occur at any point during the frame. For FBE, the following channel access mechanism is defined by ETSI [11] clause 4.2.7.3.1.4:
…
2) Immediately before starting transmissions on an Operating Channel at the start of a Fixed Frame Period, the Initiating Device shall perform a Clear Channel Assessment (CCA) check during a single Observation Slot. The Operating Channel shall be considered occupied if the energy level in the channel exceeds the ED Threshold Level (TL) given in point 6) below. If the Initiating Device finds the Operating Channel(s) to be clear, it may transmit immediately. See figure 2. If the Initiating Device finds an Operating Channel occupied, then there shall be no transmissions on that channel during the next Fixed Frame Period. 

The RAN1 design on beam cycling is applicable only to LBE, since it assumes that within the same frame the gNB might have different opportunities to get channel access. In FBE the gNB is expected to always transmit the first Q candidate SSB indexes. 
RAN4 not to specify a UE capability with N1 values for FBE mode. 
2.4 Number of SSB candidate positions that the UE is required to monitor in LBE
In NR-U, in order to cope with the probability of LBT failures, RAN1 has defined a new mechanism which allows QCLed beams to be transmitted in different candidate positions within the DRS transmission window. It has been extensively discussed in RAN4 and RAN1 how many candidate positions the UEs should be required to monitor. 
In RAN4 #94e bis, RAN4 sent an LS to RAN1 asking for feedback on the definition of a UE capability for the number of candidate positions to be monitored by the UE from RRM measurements (N2) and RLM (N1). In RAN1 #101-e, RAN1 replied to the RAN4. There was no consensus in RAN1 on how to set N1 and N2 values, and the reply LS mentioned that [8]:
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
In the reply LS from RAN1, it was stated that if there are no different performance requirements for different N1/N2 capabilities, the introduction of N1/N2 UE capabilities is not necessary.
[bookmark: _Hlk46835775]RAN4 not to specify a UE capability with N1 values for LBE networks.
It is, therefore, important to analyze how the system performance might be affected by the fact that the UE is not monitoring all the candidate positions. So far, the RAN4 the RLM core requirements were defined based on the “RLM-RS not available at the UE”.
 If the UE is not required to monitor all the candidate positions within the DRS transmission window for a given SSB index, there are two reasons for the RLM-RS not being available at the UE, which will affect the probability of detecting the SSB:
1. The RLM-RS was not sent within the entire duration of the DRS transmission window, i.e. all candidate positions were blocked by LBT failure. 
2. The monitored RLM-RS candidate positions were blocked by LBT failure. 
In both cases, the probability of the SSB being sent within a given DRS transmission window is the same. However, the probability of the SSB being detected by the UE depends on the number of monitored candidate positions, N. 
To illustrate the different between these cases,  Figure 1 shows an example of the probability of monitoring a SSB within a window of size “N candidate positions” as a function of the LBT success probability,  for SCS = 30 kHz and a 2 SSBs/slot transmission pattern, considering a DRS transmission of 5 ms (20 candidate positions) and Q = 1. These results assume a geometrical distribution, in which the probability of monitoring a SSB index within a window of size “N candidate positions” is given by:
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Figure 1 - Probability of a transmitted SSB index being within the monitored window as a function of the LBT success probability, p, and number of monitored candidate positions, N.
The table below shows the same results of Figure 1: the probability of monitoring a SSB, as a function of the monitoring window size, N, and the probability of LBT success, p. 
	
	P[%]

	N
	p = 20%
	p =40%
	p = 60%
	p = 80%

	1
	20.00
	40.00
	60.00
	80.00

	2
	36.00
	64.00
	84.00
	96.00

	3
	48.80
	78.40
	93.60
	>99

	4
	59.04
	87.04
	97.44
	>99

	5
	67.23
	92.22
	98.98
	>99

	6
	73.79
	95.33
	>99
	>99

	7
	79.03
	97.20
	>99
	>99

	8
	83.22
	98.32
	>99
	>99

	9
	86.58
	98.99
	>99
	>99

	10
	89.26
	>99
	>99
	>99

	11
	91.41
	>99
	>99
	>99

	12
	93.13
	>99
	>99
	>99

	13
	94.50
	>99
	>99
	>99

	14
	95.60
	>99
	>99
	>99

	15
	96.48
	>99
	>99
	>99

	16
	97.19
	>99
	>99
	>99

	17
	97.75
	>99
	>99
	>99

	18
	98.20
	>99
	>99
	>99

	19
	98.56
	>99
	>99
	>99

	20
	98.85
	>99
	>99
	>99



In low spectrum loads, represented by the cases in which p is high (60% or 80%), there is no reason for the gNB to configure long DRS transmission windows. In these two cases, the probability of a SSB being sent within the first 3 candidate positions, for example, is higher than 90%. Under high spectrum load, on the other hand (cases in which p is 40% or 20%), the probability of a SSB being sent within the first 3 candidate positions can be smaller than 50%. Therefore, the gNB would configure a long DRS transmission window to maximize the probability of sending a SSB index within the DRS transmission window. It is important to highlight that the results assume that the LBT probability in each candidate position is uncorrelated, leading to an optimistic estimation of the probability of the SSB being transmitted within the monitored window. However, in real deployments, these probabilities are correlated. For example, the duration of a transmission in 5GHz spectrum can be up to 10 ms [11].
The fact that the UE might not monitor all the SSB candidate positions with the DRS transmission window can significantly impact the probability of SSB detection in LBE, resulting in an unnecessary extension of the IS or OOS evaluation periods.

In our view, if the SSBs are sent, the UEs should be capable of monitoring them, no matter in which candidate position the SSBs are sent. This is necessary to ensure that the system is robust against LBT failures. However, we understand that monitoring all candidate positions during this evaluation period can be a burden on the UE power consumption. Therefore, we see that there are two options on how to deal with this case in the RAN4 requirements.
UEs shall be capable of monitoring the configured RLM-RS, no matter in which candidate position the SSB index is sent within the DRS transmission window. RAN4 can consider the options below to ensure proper UE behavior:
1) Define that UEs shall monitor all candidate positions corresponding to the configured RLM-RS within the DRS transmission window in LBE, until the detection of the configured RLM-RS.
2) Define that it is up to UE implementation to define for each measurement period how many candidate positions are monitored during the DRS transmission window, as long as the UE is able to detect the RLM-RS within the monitored candidate positions. In case the UE fails to detect the configured RLM-RS within the monitored candidate positions in [20%] of the expected DRS transmission windows in a given measurement period, the UE shall monitor all candidate positions corresponding to the configured RLM-RS during the remaining DRS transmission windows in this evaluation period.
[bookmark: _GoBack]Apart from ensuring that different candidate positions will be monitored, in our view, it is important that this behavior is verified so that the system performance can be ensured in different LBT scenarios. Therefore: 
The RLM performance tests shall ensure proper UE behavior in different LBT scenarios: scenarios in which the LBT failure blocks the transmission of all candidate positions in a DRS transmission window, and scenarios in which the LBT failures block only some candidate positions.

3	CSI-RS based RLM
In the last RAN plenary meeting, the exception sheet for the NR-U WI was discussed in RP-201387. Among the open topics listed in this document, CSI-RS based RLM and measurements were not present. Therefore, we propose that:
RAN4 to not continue de discussions of CSI-RS based RLM in Rel-16 NR-U.
4 Conclusion
1. In high SINR, the assumption is that UE is capable of distinguish an LBT failure. In this case, it makes sense to follow the approach that was defined for the in-sync evaluations. 
In low SINR, the it cannot be assumed that the UE can detect an LBT failure. Therefore, the evaluation period should not be extended by the number of missing SSBs.
1. In high SINR, above X dB, the out-of-sync (OOS) evaluation period is defined using the same principles that were agreed for the in-sync (IS) evaluation period: it is extended based on the missing SSB occasions, Lout. The maximum extension of the evaluation period is defined as:
Lout,max = 14 for max(TSSB, TDRX) ≤ 40 ms, 
Lout,max = 10 for 40 <Max(TSSB, TDRX) ≤320 ms
Lout,max = 6 for TDRX>320 ms
To ensure that the OOS evaluation period is always larger than the IS evaluation period, also in the case in which the SINR ≤ X dB, the OOS evaluation period is always extended by a fixed number of samples, K, as follows: 
K = 14 for max(TSSB, TDRX) ≤ 40 ms, 
K = 10 for 40 <Max(TSSB, TDRX) ≤320 ms
K = 6 for TDRX>320 ms
Define the OOS evaluation period in NR-U as follows:
	Configuration
	TEvaluate_out_SSB (ms), for •	
SINREST >X dB 
	TEvaluate_out_SSB (ms) , for 
SINREST ≤-X dB

	no DRX
	Max(200, Ceil((10 + Lout) P)  TSSB)
	Max(100, Ceil(24  P)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(1.5  (10 + Lout)  P)  Max(TDRX,TSSB))
	Max(100, Ceil(1.5  20  P)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil((10 + Lout)  P)  TDRX
	Ceil(16  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=14 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX, Lout,max=10 for 40<Max(TDRX,TSSB)≤320, Lout,max=6 for TDRX>320.


The SINR estimate is based on the filtered SINR estimate over the evaluation period.
The RAN1 design on beam cycling is applicable only to LBE, since it assumes that within the same frame the gNB might have different opportunities to get channel access. In FBE the gNB is expected to always transmit the first Q candidate SSB indexes. 
RAN4 not to specify a UE capability N1 values for FBE mode. 
In the reply LS from RAN1, it was stated that if there are no different performance requirements for different N1/N2 capabilities, the introduction of N1/N2 UE capabilities is not necessary.
RAN4 not to specify a UE capability with N1 values for LBE networks.
If the UE is not required to monitor all the candidate positions within the DRS transmission window for a given SSB index, there are two reasons for the RLM-RS not being available at the UE, which will affect the probability of detecting the SSB:
1. The RLM-RS was not sent within the entire duration of the DRS transmission window, i.e. all candidate positions were blocked by LBT failure. 
2. The monitored RLM-RS candidate positions were blocked by LBT failure. 
The fact that the UE might not monitor all the SSB candidate positions with the DRS transmission window can significantly impact the probability of SSB detection in LBE, resulting in an unnecessary extension of the IS or OOS evaluation periods.
[bookmark: _Hlk47630490]UEs shall be capable of monitoring the configured RLM-RS, no matter in which candidate position the SSB index is sent within the DRS transmission window. RAN4 can consider the options below to ensure proper UE behavior:
1) Define that UEs shall monitor all candidate positions corresponding to the configured RLM-RS within the DRS transmission window in LBE, until the detection of the configured RLM-RS.
2) Define that it is up to UE implementation to define for each measurement period how many candidate positions are monitored during the DRS transmission window, as long as the UE is able to detect the RLM-RS within the monitored candidate positions. In case the UE fails to detect the configured RLM-RS within the monitored candidate positions in [20%] of the expected DRS transmission windows in a given measurement period, the UE shall monitor all candidate positions corresponding to the configured RLM-RS during the remaining DRS transmission windows in this evaluation period.
The RLM performance tests shall ensure proper UE behavior in different LBT scenarios: scenarios in which the LBT failure blocks the transmission of all candidate positions in a DRS transmission window, and scenarios in which the LBT failures block only some candidate positions.
RAN4 to not continue de discussions of CSI-RS based RLM in Rel-16 NR-U.
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