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1	Introduction
In RAN4 101-e, there were discussions on signalling characteristics for RedCap UEs.
We refer to both the WF [1] and the email discussion summary [2] and the latest options are copy-pasted herein.
	Issue 4-1-4: SSB-based RLM : evaluation period for Qout
· Proposals
· Option 1 (Apple): No need to extend the evaluation period for RLM
· Option 2 (vivo, HW, E///, QC): The measurement period of SSB based SINR would need to double in order to guarantee accuracy for RLM Qout in RedCap, i.e. samples are increased from 10 to 20.
· Option 3 (MTK): Support extending the lower bound of the evaluation period of 5G NR RedCap RLM requirement by two compared to the existing general 5G NR RLM requirements.
· Option 4 (CMCC): Better to determine the evaluation period based on simulation.
Issue 4-1-5: SSB-based RLM : evaluation period for Qin
· Proposals
· Option 1 (Apple, vivo, Huawei): No need to extend the evaluation period for RLM
· Option 2 (E///, QC): Set SSB based RLM In-synch evaluation period based on 10 samples for 1Rx UE.
· Option 3 (MTK): Support extending the lower bound of the evaluation period of 5G NR RedCap RLM requirement by two compared to the existing general 5G NR RLM requirements.
· Option 4 (CMCC): Better to determine the evaluation period based on simulation.
Issue 4-1-6: CSI-RS-based RLM : evaluation period for Qout
· Proposals
· Option 1 (Apple, vivo, HW): No need to extend the evaluation period for RLM
· Option 2 (E///): Set CSI-RS based RLM Out-of-synch evaluation period based on 40 samples for 1Rx UE.
· Option 3 (MTK): Support extending the lower bound of the evaluation period of 5G NR RedCap RLM requirement by two compared to the existing general 5G NR RLM requirements.
· Option 4 (CMCC): Better to determine the evaluation period based on simulation.

Recommended WF for 2nd round:
Continue the discussions based on the comments and revised options from 1st round. 

Issue 4-1-7: CSI-RS-based RLM : evaluation period for Qin
· Proposals
· Option 1 (Apple, vivo, HW): No need to extend the evaluation period for RLM
· Option 2 (E///): Set CSI-RS based RLM In-synch evaluation period based on 20 samples for 1Rx UE.
· Option 3 (MTK): Support extending the lower bound of the evaluation period of 5G NR RedCap RLM requirement by two compared to the existing general 5G NR RLM requirements.
· Option 4 (CMCC): Better to determine the evaluation period based on simulation.

Recommended WF for 2nd round:
Continue the discussions based on the comments and revised options from 1st round. 

Issue 4-1-8: Enhancements to hypothetical PDCCH parameters for RLM
For RedCap UE with 1 Rx, whether to consider following enhancements in hypothetical PDCCH parameters:
· Option 1 (HW, MTK, QC): Power boosting
· Option 1a(MTK):	the ratio of hypothetical PDCCH RE energy to average SSS/CSI-RS RE energy for out-of-sync (OOS) and in-sync (IS) with single antenna port to be with (3) dB higher compared to the existing two antenna requirements.
· Option 2 (HW): Increasing CCE level
· Option 3 (QC): Increase test case SNR (w.r.t 2 Rx configurations)
· Option 4 (E///): Evaluate the PDCCH performance whether we need to change the PDCCH transmission parameters (e.g., AL16 and/or power boosting) or not. 
Recommended WF for 2nd round:
RAN4 to evaluate whether to change to PDCCH transmission parameters are needed. Discuss whether simulation assumptions need update. 

Issue 4-1-9: If enhancements to hypothetical PDCCH parameters are agreed for RLM, how to determine those
· Proposals
· Option 1 (HW): Simulation evaluations on hypothetical PDCCH parameter for RLM with 1RX are supposed to be carried out to determine proper CCE or power boosting level.
· Option 2 (E///): Evaluate the PDCCH performance whether we need to change the PDCCH transmission parameters (e.g., AL16 and/or power boosting) or not.
Recommended WF for 2nd round:
RAN4 to evaluate whether change to PDCCH transmission parameters are needed. Discuss whether simulation assumptions need update. 

Issue 4-1-10: Condition for RLM for HD-FDD UE
· Proposals
· Option 1 (Apple, HW, vivo): For each RLM-RS in RLM requirement, at least 1 sample must fall with DL occasion within an indication period.
· Option 2 (MTK, E///, CMCC, HW, vivo, QC):	At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
Issue 4-2-5: Enhancements to hypothetical PDCCH parameters for BFD
· Proposals
· Option 1 (HW): For RedCap UE with 1RX, power boosting or increasing CCE level can be considered in hypothetical PDCCH parameter for BFD.
Issue 4-4-5: Define new BWP switching delay when only center-frequency is changed 
· Agreements
· BWP switching delay when only center-frequency is changed 
· Option 1: Reuse legacy BWP switching delay
· Option 2: Define new BWP switching delay when only center-frequency is changed.
· Companies are encouraged to bring analysis on impact on RedCap UE complexity and feasible switching delays



This paper discusses the issues listed above and provide our views.
2	Discussions
Issue 4-1-4: SSB-based RLM : evaluation period for Qout
Issue 4-1-5: SSB-based RLM : evaluation period for Qin
Issue 4-1-6: CSI-RS-based RLM : evaluation period for Qout
According to the discussions during the last meeting (RAN4 101-e), the discussion points are mainly on {comparing to / re-use LTE Cat-M}, and how many samples are needed to achieve the same accuracy, and whether to determine the number of samples based on simulations. We think that reducing the number of Rx chains from 2 (legacy case) to 1 (RedCap) would have some negative impact on accuracy, and the exact impact is to be determined by simulations.
Determine the evaluation period based on simulation.

Issue 4-1-8: Enhancements to hypothetical PDCCH parameters for RLM
Technically both increasing aggregation level (AL) and power boosting is possible, yet power boosting has too many drawbacks. First of all since the transmission power of the gNB is constant, power bossting on PDCCH would mean lower transmission power on other DL signals, and potentially impacting legacy systems, which should be avoided according to the WID. What’s more, power boosting has already reached the limit of 4 dB now. Thus, we propose to increase aggregation level to solve this issue.
Increase the aggregation level.

Issue 4-1-10: Condition for RLM for HD-FDD UE
Both options are quite similar to each other. Note that in Rel-15, the L1 indication period without DRX is defined as max(10ms, TRLM-RS,M), where TRLM-RS,M is the shortest periodicity of all the configured RLM resources. Thus. We think that Option 2 provides more clarification and can be agreed.
At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.

Issue 4-4-5: Define new BWP switching delay when only center-frequency is changed 
Here the scenario is that since CD-SSBs may not be transmitted in the RedCap configured initial BWP, the UE may have to perform RF retuning in order to switch to different BWP (e.g. initial BWP) to receive those signals. And in this case, only the center-frequency is changed. We observe that BWP switching with only center frequency changed is also a possible case for legacy UEs, and no enhancement is made with that regard.
Observation 1: BWP switching with only center frequency changed is also a possible case for legacy UEs, and no enhancement is made with that regard.
Thus, we propose to re-use the legacy requirements and not to require RedCap UEs to meet stricter requirements than legacy UEs.
Reuse legacy BWP switching delay when only center frequency is changed.
3	Conclusion
Proposal 1: Determine the evaluation period based on simulation.
Proposal 2: Increase the aggregation level.
Proposal 3: At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
Observation 1: BWP switching with only center frequency changed is also a possible case for legacy UEs, and no enhancement is made with that regard.
Proposal 4: Reuse legacy BWP switching delay when only center frequency is changed.
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