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Introduction
RRM requirements for less than 5MHz BW are discussed in RAN4#108, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed as maintenance of core part.
· PDCCH parameter for RLM/BFD
· Indication of PBCH BW
· Side conditions
In this paper we will provide our views on remaining issues in RRM requirements for less than 5MHz BW.
Discussion
PDCCH parameter for RLM/BFD
	Agreement:
PDCCH transmission parameters for SSB-based RLM and BFD:
· Issue 1-5: The BW in hypothetical PDCCH transmission parameters for SSB-based RLM
· Define SSB-based RLM requirements for 12 PRBs [and 15 PRBs] hypothetical PDCCH transmission bandwidth.
· FFS on applicability rules of RLM requirements for different bands.


RAN4 agreed to introduce two sets of PDCCH parameters for RLM/BFD, one based on 12RB and the other 15RB. The applicability of the two sets for different bands is FFS.
In our understanding, the set with 12RB is introduced mainly considering the scenario where NR is co-existing with GSM-R or other railway systems, so the available spectrum is limited, i.e. only 12RB can be used in the channel. This scenario is mainly occurring at band n100, and it is meaningful to apply the set with 12RB for band n100. For other bands, the set with 15RB should be used to maximize the coverage. 
Proposal 1: For band n100, the PDCCH parameters with 12RB BW apply; for other bands, the PDCCH parameters with 15RB BW apply.
	Agreement:
PDCCH transmission parameters for RLM and BFD requirement:
· Aggregation level (CCE) for RLM OOS and BFD
· AL = 4 for 12 PRBs hypothetical PDCCH transmission BW
· AL = 8 for 15 PRBs hypothetical PDCCH transmission BW
· Note: AL 8 will be considered if it is supported by RAN1 design
· Aggregation level (CCE) for RLM IS 
· AL = [2] for 12 PRBs hypothetical PDCCH transmission BW
· AL = [4] for 15 PRBs hypothetical PDCCH transmission BW
· Number of control OFDM symbols
· 2 OFDM symbols for 12 PRBs hypothetical PDCCH transmission BW
· 3 OFDM symbols for 15 PRBs hypothetical PDCCH transmission BW
Note: it is FFS if Aggregation level (CCE) 2 can be used.


We support to use AL2 for RLM IS with 12RB PDCCH BW. 
For 12RB PDCCH BW, AL8 cannot be supported, and the max AL (i.e. 4) should be used for OOS. It is important to keep enough distance between Qin and Qout, so using same AL4 for IS is not feasible. The next lower AL is 2, which should be used for IS. In R15 requirements, AL8 is used for OOS and AL4 for IS, and it is straightforward to keep the relation for 12RB BW.
Proposal 2: Use AL2 for RLM IS with 12RB PDCCH BW.
Indication of PBCH BW
	Issue 1-32: Add information on whether the PBCH is 12 or 20 PRBs in the measurement object?
No consensus in RAN4#108 meeting. Recommend continuing discussion.

Issue 1-33: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command?
No consensus in RAN4#108 meeting. Recommend continuing discussion.


We understand provision of PBCH BW of target cell in MO configuration or HO command is not needed.
Based on discussion last meeting, the motivation of providing PBCH BW of target cell in MO configuration or HO command is to allow UE to know whether PBCH is punctured in the target cell or not, so that UE can better decode the PBCH. 
We agree such information is needed by the UE, but as commented by some companies, the sync raster is different for less than 5MHz channel, so UE can tell the CBW without additional information.
Proposal 3: BW for PBCH (12 or 20 PRBs) of target cell need not be provided to UE in MO configuration or HO command.
Side conditions
	Issue 1-34: Use following side condition for NR target cell detection for RRC connection re-establishment and RRC connection release with re-direction?
· FFS
· Intra-frequency NR target cell
· Option 1: target cell Es/Iot≥-6 dB
· Option 2: target cell Es/Iot≥-4 dB
· Inter-frequency NR target cell
· Option 1: target cell Es/Iot≥-4 dB
· Option 2: Other


In current requirements, the side condition for RRC connection re-establishment and RRC connection release with re-direction are re-used from that of L3 measurement requirements. For FR1, it is -6dB. It is reasonable to keep them aligned also with less than 5MHz CBW, and the question is -6dB v.s. -4dB.
If we look at the simulation results in [2], we can see that the PBCH decoding performance in terms of the number of samples needed changes a lot between -6dB and -4dB, with TDL-C channel. In our view, there is a trade-off between the side condition and the PBCH decoding delay, and -4dB provides a good balance. 
Proposal 4: RAN4 to use same Es/Iot condition [-4]dB for L3 measurement as well as RRC connection re-establishment and RRC connection release with re-direction.
	Issue 1-35: Tsearch in HO requirements for 12PRB SSB shall be revised to?
· FFS
· Unknown intra-frequency target cell:
· Option 1: target cell Es/Iot≥-2 dB
· Option 2: Other
· Unknown inter-frequency target cell:
· Option 1: target cell Es/Iot≥-2 dB
· Option 2: Other


We support option 2, i.e. to define a higher Es/Iot for HO requirements. 
If we look at the simulation results in [2], we can see that the number of samples needed to decode PBCH is still high with TDL-C channel at -2dB condition. It is noted that in legacy requirements, -2dB is selected to enable single shot detection, and PBCH decoding is assumed to be accounted in the single SSB sample for fine time tracking. With PBCH puncturing, single shot PBCH decoding is not possible at -2dB. 
Again, considering the trade-off between the side condition and the PBCH decoding delay during HO, we suggest to use 2dB as the condition for HO requirements. 
Proposal 5: RAN4 to use Es/Iot condition [2]dB for Tsearch in HO requirements.
Conclusions
In this paper we provided our views on remaining issues in RRM requirements for less than 5MHz BW.
Proposal 1: For band n100, the PDCCH parameters with 12RB BW apply; for other bands, the PDCCH parameters with 15RB BW apply.
Proposal 2: Use AL2 for RLM IS with 12RB PDCCH BW.
Proposal 3: BW for PBCH (12 or 20 PRBs) of target cell need not be provided to UE in MO configuration or HO command.
Proposal 4: RAN4 to use same Es/Iot condition [-4]dB for L3 measurement as well as RRC connection re-establishment and RRC connection release with re-direction.
Proposal 5: RAN4 to use Es/Iot condition [2]dB for Tsearch in HO requirements.
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