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1. Introduction
In the last RAN4 94-e-bis meeting, the RRM measurement for NR-U were discussed. There are some remaining issues about RLM and link recovery which are captured in [1]. We further investigate these issues and present views in this paper.
2. Discussion
The agreements and open issues from RAN4 94-e-bis meeting are summarized as follows:
	· 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



The set of SSBs that UE is required to monitor
The discussion of the set of SSBs that UE is required to monitor has continued for several meetings, which is a common issues existing in multiple NR-U requirements. It was agreed to define the number of candidate SSBs that UE is required and an LS was sent to RAN1 to ask for the feedback on the value of N1 and N2. Though it is better postpone the corresponding discussion and focus on other issues until we get feedback from RAN1, we would like to give some observations here. Defining N1 and N2 is a compromised method, where UE can utilize the RAN1 feature of candidate SSB positions but is not required to monitor all positions. From our understanding, there could be two ways to define N1/N2: One is to introduce a new capability signalling to indicate the supported N1 and N2. The other way is to define the number of N1 and N2 as constant number in TS 38.133 similar to the measurement capability as defined in clause 9.1.3.
Observation 1: 
Potential ways to define N1/N2:
Option1: Introduce a new capability signalling to indicate the supported N1 and N2 
Option 2: Define N1/N2 as constant number in TS 38.133
From our understanding, a pre-defined value of N1/N2 is preferred. For option 1, it is impossible for NW to configure and transmit candidate SSBs according to the reported N1/N2 per UE.
OOS evaluation period for SSB-based RLM
The OOS evaluation period has also been discussed for several meetings. We have two potential options as following:
	· 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



Option 2 is to adopt the same method when defining other requirements for NR-U, where the SNR condition is much higher. However, during the discussion of pervious meeting, most companies have concerns that UE cannot distinguish the unavailable SSB in low SNR, which is also verified by simulation results in [2]. From our understanding, RAN4 shall confirm the assumption that UE is not able to distinguish the unavailable RLM-RS in low SNR.
Proposal 1: RAN4 shall confirm the assumption that UE is not able to distinguish the unavailable RLM-RS in low SNR in NR-U.
For option 3, which could be considered as flexible method to address the concern on imbalance between OOS and INS about the fixed scaling method. We give an example as shown in Fig. 1. Assuming that the number of samples for OOS filtering is 10, the number of INS filtering is 5. The scaler is 2. By extend the OOS evaluation period by the fixed scaler, the extended OOS evaluation period is 20. It could be observed that the OOS is trigger at point A, and at point B, the INS is triggered based on our previous agreement on INS evaluation period. However, since the OOS evaluation period is fixed to 20, it is still possible that UE indicate OOS at point B since huge number of low SNR samples are filtered. The imbalance between OOS and INS will lead to some erratic case where the OOS and INS are indicated to high layer at same time. 
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Fig. 1
There was also discussion about fixed extension about the evaluation period of INS. From our understanding, it will degrade the performance of the recovery procedure, which will increase the delay for trigging INS, and UE has less chance for recovery. From our understanding, option 3 is a reasonable solution. From Fig. 1, at point B, there are 5 samples which could be regarded as available, so the evaluation window shall be scaled excluding these available samples. Thus at point B, the OOS evaluation period shall be (10-5)*2+5=15, which is smaller than that by scaled on the whole evaluation period. Also, when the channel condition is good (in the center of the cell) when the RLM is always perform, is also more reasonable to use the same number of sample as that in licensed band, which is (10-10)*2+10=10 in the example.
Proposal 2: The OOS evaluation period is extended as: (NExpected-navailable)*M+ navailable, where NExpected is the expected number of samples, which could be same as that in licensed band; navailable is the number of available samples (SNR>X dB) within the evaluation period; M is a fixed scaler. 
CSI-RS based RLM
An LS is sent to RAN1 to ask about the issue of transmission power of CSI-RS across different occasions. From our understanding, there are some common and general issues for both CSI-RS/SSB based RLM/BFD/CBD, and after we have concrete conclusion about these issues, the requirement for both CSI-RS and SSB abased RLM/BFD/CBD shall be defined in Rel-16.
Proposal 3: The requirement for both CSI-RS and SSB abased RLM/BFD/CBD shall be defined in Rel-16.
The terminology of candidate SSBs.
From the LS from RAN1, the current wording of “candidate SSBs” will conflict with the candidate SSB positions in NR-U, so it is suggested to remove the candidate in clause 8.1.1. From our understanding, the change is needed and shall be aligned among both R15 and R16 spec. Thus, we presented CRs for the change for both R15 and R16 spec [4][5].
Proposal 4: The changes suggested in LS from RAN1 is needed, and it shall be applied to both R15 and R16 spec for consistency. 
3. Conclusion
Observation 1: 
Potential ways to define N1/N2:
Option1: Introduce a new capability signalling to indicate the supported N1 and N2 
Option 2: Define N1/N2 as constant number in TS 38.133
Proposal 1: RAN4 shall confirm the assumption that UE is not able to distinguish the unavailable RLM-RS in low SNR in NR-U.
Proposal 2: The OOS evaluation period is extended as: (NExpected-navailable)*M+ navailable, where NExpected is the expected number of samples, which could be same as that in licensed band; navailable is the number of available samples (SNR>X dB) within the evaluation period; M is a fixed scaler. 
Proposal 3: The requirement for both CSI-RS and SSB abased RLM/BFD/CBD shall be defined in Rel-16.
Proposal 4: The changes suggested in LS from RAN1 is needed, and it shall be applied to both R15 and R16 spec for consistency. 
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