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1. Introduction
In last meeting RAN4 92, the RRM requirements and impact of NR-U are discussed, and the potential agreements and the remaining open issues about RLM requirements are summarized in the WF [1].
In this paper, we discuss the RLM requirements in NR-U based on the discussion in the last meeting and the progress from other groups.
2. Discussion
In NR Rel-15, the RLM is intention to detect the radio link quality based on the configured RLM-RS, which can be SSB, CSI-RS or a mix of SSB and CSI-RS. The measurement results over the last evaluation period are filtered and compared with the threshold Qout derived based on the hypothetical PDCCH transmission parameters. When the evaluation result is worse than Qout, an “out-of-sync” indication will be reported to upper layers. Upon receiving N310 consecutive “out-of-sync” indications from lower layers, the RLF timer (T310) is started. To avoid too frequent link changing, the radio link is considered self-recovered and T310 is stopped when N311 “in-sync” indications are received, which will be reported to upper layers when the results over the last evaluation period is better than the threshold Qin.

In NR-U scenarios, the configured RLM-RS transmission occasions can be dropped due to LBT failure, which will impact the reliability of RLM measurement. Thus, the measurement requirements of RLM in NR-U shall be modified considering the unavailable RLM-RS due to LBT. In LTE LAA, the measurement period is extended in some cases to capture more valid resource to cope with the impact of LBT mechanism. However, there is no RLM measurement in LTE LAA since only the CA scenario is adopted.
When the channel is in bad condition, it is hard for UE to identify whether it is caused by dropped transmission occasions due to LBT failure. The UE ability to differentiate the cases whether the channel is in bad conditions or the RLM-RS is dropped due to LBT is under discussions in RAN1. The typical mechanisms [2-5] are summarized as follows:
· The RLM-RS is considered to be invalid because the RLM-RS is note transmitted due to LBT failure when the SINR of the adjacent occasions are high. It is assumed that in high SINR scenarios, it is more likely that the RLM-RS is not transmitted when the detected signal strength is extremely low.
· UE could determine whether it is a valid RLM-RS by checking the PDCCH decoding state just before and/or after the RLM-RS instance. Under such condition, the RLM-RS is considered to be valid when the PDCCH just before and/or after the RLM-RS instance is successfully decoded.
· A SINR threshold for RLM-RS detection is set, which is lower than the SINR threshold for “out-of-sync”. Only the RLM-RS with the SINR between these two thresholds is counted for evaluation for “out-of-sync”.
· The RSSI could be used when determine whether it is a valid RLM-RS. 
· Network provides explicit indication of a LBT success, which imply that the RLM-RS in the following COT can be considered as valid.
Based on the discussion above, it can be observed that the RLM measurement can be significantly impacted by UE’s ability to distinguish the invalid RLM-RS. From RAN4 perspective, the requirements of RLM measurement should be treated differently depending on whether the UE is able to distinguish the invalid RLM-RS.
Observation 1: The RLM measurement can be significantly impacted by UE’s ability to distinguish the invalid RLM-RS. From RAN4 perspective, the requirements of RLM measurement should be treated differently depending on whether the UE is able to distinguish the invalid RLM-RS.
According to the discussion and potential solutions in RAN1. The RLM requirements in RAN4 is highly dependent on the final conclusion in RAN1 of the UE’s ability to distinguish the invalid RLM-RS. Therefore, we should wait for RAN1 consensus before working on the RLM requirements in NR-U. 
Proposal 1: The RLM requirements in RAN4 is highly dependent on the final conclusion in RAN1 of the UE’s ability to distinguish the invalid RLM-RS. Therefore, we should wait for RAN1 consensus before working on the RLM requirements in NR-U.
When evaluating the RLM regardless of the UE’s ability to distinguish the invalid RLM-RS, whether the missing RLM-RS should be treated as equivalent to OOS should be further discussed. In NR-U scenarios, RLF will also be declared when RLM-RS have not been detected for a period of time, which represent the high traffic load scenario. Therefore, whether the missing RLM-RS should be treated as equivalent to OOS when the UE is or is not able to distinguish the invalid RLM-RS should be further discussed from RAN4 perspective.
Observation 2: In NR-U scenarios, the high-frequency LBT failure representing that the channel is heavily loaded will also impact the supported service.
Proposal 2: Whether the missing RLM-RS should be treated as equivalent to OOS when the UE is or is not able to distinguish the invalid RLM-RS should be further discussed from RAN4 perspective.
If the UE is unable to differentiate the missing RLM-RS from OOS, the potential solution is to treat the missing RLM-RSs equivalently to OOS. From RAN4 perspective, the RLM measurement results over the last evaluation period within the sliding window are all taken in to account via the L1 filter. The filtered results is used to indicate the radio link quality over the last period.
If extending the evaluation period for “out-of-sync” indications, more RLM-RSs (both valid and invalid samples which will be treated as OOS signals) will be captured within the sliding window. It won’t make significant difference with a larger sliding window, since not only the valid simples will be included but also the invalid ones which are treated as OOS signals for UE is unable to differentiate the missing RLM-RS from OOS, which will introduce extra error. In addition, the extended evaluation period will impact the time-effectiveness of the Radio link evaluations. Therefore, extending the evaluation period of RLM when the UE is unable to differentiate the missing RLM-RS from OOS won’t bring significant enhancement of RLM OOS evaluation in NR-U.
Observation 3: Extending the evaluation period of RLM when the UE is unable to differentiate the missing RLM-RS from OOS won’t bring significant enhancement of RLM OOS evaluation in NR-U.
3. Conclusions
Observation 1: The RLM measurement can be significantly impacted by UE’s ability to distinguish the invalid RLM-RS. From RAN4 perspective, the requirements of RLM measurement should be treated differently depending on whether the UE is able to distinguish the invalid RLM-RS.
Proposal 1: The RLM requirements in RAN4 is highly dependent on the final conclusion in RAN1 of the UE’s ability to distinguish the invalid RLM-RS. Therefore, we should wait for RAN1 consensus before working on the RLM requirements in NR-U.
Observation 2: In NR-U scenarios, the high-frequency LBT failure representing that the channel is heavily loaded will also impact the supported service.
Proposal 2: Whether the missing RLM-RS should be treated as equivalent to OOS when the UE is or is not able to distinguish the invalid RLM-RS should be further discussed from RAN4 perspective.
Observation 3: Extending the evaluation period of RLM when the UE is unable to differentiate the missing RLM-RS from OOS won’t bring significant enhancement of RLM OOS evaluation in NR-U.
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