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Introduction
RAN4 started discussing RRM requirements for NR support for dedicated spectrum less than 5MHz [1] during RAN4#106 and WFs [2][3][4][5][6] from RAN4#106bis-e, RAN4#107 and RAN4#108 lists the agreements. 
In this contribution paper, we present our views on some of the open issues as identified in the WF [6] from the last RAN4 meeting.
Delay requirements
In the last meeting RAN4 agreed to the side conditions used for measurements and mobility requirements as listed below:Agreements [6]:
· Specify PBCH decoding requirements based on 12PRB PBCH.
· Define the delay requirements for SSB Index reading and MIB reading using existing requirement side and channel conditions.
· Side condition for NR target cell detection for RRC connection re-establishment and RRC connection release with re-direction.
· Inter-frequency RRC connection re-establishment: 
· Side conditions for NR is target cell detection for RRC connection re-establishment is Es/Iot≥-4 dB.
· Intra-frequency RRC connection re-establishment: 
· Side conditions for NR is target cell detection for RRC connection re-establishment is Es/Iot≥-6 dB.
· RRC connection release with re-direction: 
· Side conditions for NR target cell detection for RRC connection release with re-direction is Es/Iot≥-4 dB
· Side conditions for defining Tsearch in HO requirements for 12PRB SSB and Tsearch in HO requirements for 12PRB SSB
· Unknown intra-frequency target cell: [3]*Trs ms (target cell Es/Iot≥-2 dB).
· Unknown inter-frequency target cell: [5]*Trs ms (target cell Es/Iot≥-2 dB).


RAN4 needs to define the cell search delays for RRC connection re-establishment and RRC connection release with re-direction, and, SSB index detection delays for measurements based on the agreed side conditions,



Following the simulation assumptions agreed in [3], we provided the simulation results in our contribution paper [7] during RAN4#107, which are copied below for the ease of access. The SNR points listed below for PBCH decoding results are for single-shot decoding (no combining) which was agreed during the previous RAN4 meetings:
Table 1: Number of attempts needed for 99% PBCH decoding for 12 PRBs
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns
	SSB samples needed HST

	-8dB
	6
	9
	10
	10
	13

	-6dB
	2
	5
	6
	5
	3

	-4dB
	1
	3
	4
	3
	2

	-2dB
	1
	2
	3
	3
	1

	0db
	
	2
	2
	2
	

	2db
	
	2
	2
	2
	



Table 2: Number of attempts needed for 90% PBCH decoding for 12 PRBs
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns
	SSB samples needed HST

	-8dB
	3
	5
	5
	5
	7

	-6dB
	1
	3
	3
	3
	2

	-4dB
	1
	2
	2
	2
	1

	-2dB
	1
	2
	2
	2
	1

	0db
	
	1
	2
	1
	

	2db
	
	1
	1
	1
	



Rel-15 RAN4 cell detection and measurement requirements are defined at -6db SINR based on the worst channel performance and with single-shot decoding assumption. 
Proposal 1: A total of 6 SSB samples are needed to define the SSB index identification delay requirements for 12PRB PBCH.
Proposal 2: Time to identify target NR cell for RRC connection re-establishment and RRC connection release with re-direction shall be extended by 2xTSMTC for the unknown inter-frequency cell and by 3xTSMTC for the unknown intra-frequency cell, based on the target cell side condition of Es/Iot≥-4 dB for inter-frequency target cell and Es/Iot≥-6 dB for intra-frequency target cell.
PBCH BW indication
RAN4 has discussed over multiple meetings whether it is necessary to include information regarding whether the PBCH is 12 or 20 PRBs in the measurement object or HO command. During the last meeting it was decided to further check whether, for Rel-18, the SSB should be on sync raster or the SSB can also be on the channel raster.
In our understanding, CA/DC is precluded for <5MHz operation in Rel-18 and for PCell, the CD-SSB must be on the sync-raster. Since the BW for an SSB on the sync raster can be implicitly determined based on the sync-raster, we don’t see a need to explicitly indicate the PBCH bandwidth (12 or 20PRBs) in the HO command or MO configuration.
Proposal 3: RAN4 to not consider SSBs outside sync raster for measurement purposes in R18.
· SSBs outside sync-raster and NCD-SSBs can be further discussed in future releases.

Proposal 4: No need to explicitly indicate the PBCH bandwidth (12 or 20PRBs) in the HO command or MO configuration in R18.

Applicability rules
Since the WI supports 12 PRB, 15PRB and 20PRB CORESET0, RAN4 needs to specify the core requirements for RLM/BFD for all the supported bandwidths. Currently, we only have the RLM/BFD requirements for 12PRB and 15PRB channel bandwidth. 
Proposal 5: Add a column in the hypothetical PDCCH parameters for <5MHz to support 20PRB BW for RLM and BFD requirements with the same AL and number of symbols as 15PRB.
During the last meeting, RAN4 discussed which requirements apply to a particular band and the following was agreed:
· Further discuss the applicability rules of RLM requirements for different bands
· Option 1: For band n100, the PDCCH parameters with 12RB BW apply; for other bands, the PDCCH parameters with 15RB BW apply.
· Option 2: RAN4 to define SSB based RLM requirements for only 12 PRBs.

We would like to highlight that the n100 band supports three CORESET0 BWs – 12PRB, 15PRB and 20PRB. So, it doesn’t make sense to specify requirements per band when multiple BWs can be supported. Instead, the applicability of RLM/BFD requirements depend on supported CORESET0 BW. 
Proposal 6: For RLM/BFD requirements, do not define the applicability rules per band. The requirements corresponding to the supported CORESET0 BW apply.
Furthermore, it has been observed in RAN1 that the PDCCH with AL=8 using 3symbol 15PRB CORESET0 with no interleaving can achieve better performance than the PDCCH with AL=8 using 3symbol 15PRB CORESET0 with interleaving and 2symbol 15PRB CORESET0. However, in legacy RLM OOS/BFD test cases, CCE to REG mapping for control channel RMC is specified as ‘interleaved’. So, we think that the RLM/BFD test cases for 15PRB BW should be specified without interleaved CCE to REG mapping.
Proposal 7: Specify the RLM OOS/BFD test cases for 15PRB BW without interleaved CCE to REG mapping.
Another issue discussed during the last RAN4 meeting was whether to add applicability rules for each of the existing requirements for a UE that supports only less than 5 MHz operation. We believe that this is an additional feature for the existing UEs and the WID doesn’t a new UE type that only supports less than 5MHz BW. So, the requirements should be defined in a generic way for a regular 5G-NR UE.
Proposal 8: No need to specify separate requirements or applicable rules for a UE that only supports less than 5MHz BW.

Conclusion
Proposal 1: A total of 6 SSB samples are needed to define the SSB index identification delay requirements for 12PRB PBCH.
Proposal 2: Time to identify target NR cell for RRC connection re-establishment and RRC connection release with re-direction shall be extended by 2xTSMTC for the unknown inter-frequency cell and by 3xTSMTC for the unknown intra-frequency cell, based on the target cell side condition of Es/Iot≥-4 dB for inter-frequency target cell and Es/Iot≥-6 dB for intra-frequency target cell.
Proposal 3: RAN4 to not consider SSBs outside sync raster for measurement purposes in R18.
· SSBs outside sync-raster and NCD-SSBs can be further discussed in future releases.

Proposal 4: No need to explicitly indicate the PBCH bandwidth (12 or 20PRBs) in the HO command or MO configuration in R18.
Proposal 5: Add a column in the hypothetical PDCCH parameters for <5MHz to support 20PRB BW for RLM and BFD requirements with the same AL and number of symbols as 15PRB.
Proposal 6: For RLM/BFD requirements, do not define the applicability rules per band. The requirements corresponding to the supported CORESET0 BW apply.
Proposal 7: Specify the RLM OOS/BFD test cases for 15PRB BW without interleaved CCE to REG mapping.
Proposal 8: No need to specify separate requirements or applicable rules for a UE that only supports less than 5MHz BW.
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