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1 Introduction
RAN4 has completed the UE RRM requirements for the support of NSA option 3 (EN-DC) in RAN4#85. For RLM, the UE monitoring requirements for SSB based RLM are in general agreed and captured in section 8.1 of 38.133. However, there are still some issues open and left as TBD or edit notes in 38.133, and they need to be solved to complete the Rel-15 requirements. 
In our understanding, the open issues mainly include
· Value for the second BLER pair and the related PDCCH parameters
· Applicability of PDCCH parameters for different SCS of SSB

· Details in PDCCH parameters for the first BLER pair (address in [1])
· How to handle the case when all SSBs for RLM are fully overlapping with measurement gaps
· Evaluation period for FR2

· Relaxation for DRX for evaluation period and L1 indication interval
· L1 indication interval when not all RLM-RSs have the same periodicity
· Transition requirements when the set of the RLM-RS resources is changed with re-configuration
· Time for UE to turn off transmitter after expiry of T310

In this paper, we will provide our views on the remaining issues for the monitoring requirements for RLM. 
2 Discussion
Second BLER pair
According to RAN1 LS [2], the second BLER pair is intended for VoIP. In our understanding, the motivation comes from the experience in LTE, that the VoIP service can continue at some cell edge condition from PDSCH point of view, but UE would have declared RLF due to RLM, so the PDCCH parameter and the BLER thresholds may need to be changed such that UE can stay in a deeper coverage than the eMBB limited level. 
So far there has been very limited inputs in RAN4 on how to determine the second BLER pair and its PDCCH parameters. In our view, RAN4 may first need to align the understanding about the targeted coverage level for the VoIP service, and then study how to adapt the BLER threshold and PDCCH parameter to enable UE to stay in-sync at such conditions. 

Proposal 1: RAN4 needs to agree on the principle how to determine the second BLER pair and its PDCCH parameters. As a first step, RAN4 can discuss the targeted coverage level for VoIP service. 

SCS of PDCCH and SSB
In RAN4#85, it is agreed that the SCS of the hypothetical PDCCH will follow the network configuration for the RMSI CORESET. On the other hand, the SCS of the monitored SSB can be configured separately, so it may happen that the SSB for RLM is of 240kHz SCS while the PDCCH is of 60kHz SCS. Some companies thought this may impact the applicability of some PDCCH parameters for some SSB SCS.
In our view, this may not be a problem. In RLM, UE measures the SINR from the RLM-RS, which is SSB in the context of the discussion, and SINR is independent from the SCS, i.e. the same SINR would be obtained no matter what SCS is used for the reference signal, and also the PDCCH performance would be rather similar at the same SINR condition no matter what SCS is used for the PDCCH. In this sense, there is no need to define multiple tables of PDCCH parameters for different SSB SCS.

Proposal 2: The same table for PDCCH parameters applies regardless of the SSB SCS.

Need for gaps based RLM requirements
In RAN4#85, the RLM requirements needs to be defined for SSB based RLM was discussed. Based on the latest RAN1 agreements [3], “UE is not required to perform RLM measurements outside the active DL BWP”, so it means network should ensure there are always RLM-RS resources available in the UE active BWP, otherwise UE may not perform RLM. With this agreement, UE does not need to re-tune from its active BWP to other frequency to do RLM.
On the other hand, as raised by some companies in RAN4#85, it is still possible that all the SSBs for RLM are fully overlapping with measurement gaps. For such a case, it seems there is no other choice for UE but to perform RLM measurement in gaps, and share the gaps with inter-frequency measurement. Therefore, gap based RLM requirements may still be needed.

However, we think RLM measurement in gaps may only be a valid scenario when UE active BWP contains the SSB for intra-frequency measurement. In this case, it is a likely configuration that SSB for intra-frequency measurement is also used for RLM. In other cases, when UE active BWP does not contain SSB for intra-frequency measurement, network needs to provide the SSB or CSI-RS for RLM, and make sure they are not overlapping with gaps. If the SSB or CSI-RS in this BWP is overlapping with gaps, the gaps would need to be shared among intra-frequency measurement, inter-frequency measurement and RLM, which we think RAN4 does not need to define requirements for. 
Proposal 3: Gap based RLM requirements are defined for and only for the scenario when UE active BWP contains the SSBs for intra-frequency measurement, and SSBs for intra-frequency measurement are used for RLM and are fully overlapping with measurement gaps.

Evaluation period for FR2
In RAN4#85, the evaluation period for FR2 were left as TBD. It was agreed online that evaluation period for FR2 is scaled by a factor N based on that for FR1, however, companies cannot agree on the factor N. Some companies thought N could be something like 5 since UE in FR2 cannot make every SSB for RLM. Some other companies thought N could be 1 since in FR2 the channel condition can change quite dynamically so we need fast RLM.
Our view is that N should be defined to 1. We understand that due to Rx beamforming, not all SSBs can be used for RLM. On the other hand, we think the current FR1 requirements which is 10/5 samples for OOS and IS evaluation limited by a minimum evaluation period of 200/100ms should allow enough time for UE to do RLM in FR2. One should note that multiple SSB samples are considered in evaluation period because UE needs to achieve certain measurement accuracy in baseband, but in FR2 the main measurement uncertainty comes from the Rx beamforming part, which means the baseband accuracy may not be as important as in FR1, so it should be deprioritized in the tradeoff with evaluation period. 

Proposal 4: Evaluation period for FR2 is defined same as for FR1.

DRX relaxation
In RAN4#85, how to account for the requirements when DRX on-duration is not aligned with SSBs for RLM were discussed. Some companies proposed to add a scaling factor of 1.5 to allow UE to compensate the power consumption due to wake-up during DRX off time for RLM.

In our view, the proposal is reasonable. Also we think the same scaling should apply to both evaluation period and L1 indication interval. For the latter, we think there is no need to ask UE L1 to indicate OOS/IS status when there is no update from the evaluation (an update would typically happen per evaluation period).

Proposal 5: Apply the scaling factor 1.5 for evaluation period and L1 indication interval for DRX requirements. 
L1 indication interval
L1 indication interval is depending on the SSB periodicity, and in current requirement, only the case where all SSBs have the same period is considered. RAN4 needs to discuss what is the requirement when not all RLM-RSs have the same periodicity. 
Some companies proposed the UE level indication interval is based on the minimum SSB period of all SSBs for RLM. In our view, this can ensure the timely indication to L3 when there is a change in any of the SSB. However, it may not be fair for the SSB with larger periodicity, since the change in that SSB is not considered in the indication. Therefore, it may be more reasonable to define the UE level indication interval based on the maximum SSB period of all SSBs for RLM. It may not reflect the change in SSB with short period, but can ensure each indication includes changes on all SSBs.

Proposal 6: When not all RLM-RSs have the same periodicity, UE L1 indication interval is defined based on the maximum SSB period.

Transition requirements when set of RLM-RS resources changes
RAN4 has defined the transition requirements related to DRX change and SSB period change. In RAN4#85, some companies proposed to also discuss when set of RLM-RS resources changes, i.e. when some RLM-RS resource is added to or removed from the set of RLM-RS resources. In our view, this may not need to be defined in 38.133. The evaluation period is defined per RLM-RS resource, and if one resource is added via reconfiguration, UE will start to evaluate on it after the reconfiguration applies; if one resource is removed, UE will not consider it in the L1 indication. The UE behavior during the transition period is usually not specified, and we do not see a need to define transition requirements for such reconfiguration. 

Proposal 7: Transition requirements when set of RLM-RS resources changes are not defined.     

Time for UE to turn off transmitter
In 36.133, UE is required to turn off its transmitter within 40ms after the expiry of T310 (when RLF is triggered). Some companies wanted more study on this requirement. In our view, the same LTE requirement can be re-used. In any case, this is UE internal issue, and this 40ms is only the minimum requirement. UE can turn off faster if it wants to save more power.

Proposal 8: UE is required to turn off its transmitter within 40ms after the expiry of T310.  
3 Conclusions 

In this paper, we provided our views on the remaining open issues for RLM requirements. 
Specifically, we have the following proposals.

Proposal 1: RAN4 needs to agree on the principle how to determine the second BLER pair and its PDCCH parameters. As a first step, RAN4 can discuss the targeted coverage level for VoIP service.
Proposal 2: The same table for PDCCH parameters applies regardless of the SSB SCS.
Proposal 3: Gap based RLM requirements are defined for and only for the scenario when UE active BWP contains the SSBs for intra-frequency measurement, and SSBs for intra-frequency measurement are used for RLM and are fully overlapping with measurement gaps.
Proposal 4: Evaluation period for FR2 is defined same as for FR1.
Proposal 5: Apply the scaling factor 1.5 for evaluation period and L1 indication interval for DRX requirements.
Proposal 6: When not all RLM-RSs have the same periodicity, UE L1 indication interval is defined based on the maximum SSB period.
Proposal 7: Transition requirements when set of RLM-RS resources changes are not defined.
Proposal 8: UE is required to turn off its transmitter within 40ms after the expiry of T310.
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