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1. Introduction
In last RAN4 #106-bis-e meeting, the WF of spectrum less than 5MHz was agreed in [1][2]. Even though there are still some design to be concluded from RAN1, RAN4 can start analysis on the RRM impact due to the RANP agreements for reduced CBW, e.g., 12PRBs for 3MHz and 20PRBs for 5MHz. In this contribution, we continue discussion about the RRM impacts for the spectrum less than 5MHz, mainly focusing on the remaining issues from last meeting. 
2. Discussion
Issue 1-3: Impact on Handover Requirements
The agreements in last meeting were:
	RRM impact on UE requirements: 
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Handover Requirements
	Impact
	No impact




Agreement:
Impact on the UE requirements as listed in the table.
Way forward: Open issues which needs further discussion for 12 PRB scenario
-	SSB index reading
-	MIB reading delay
Companies are encouraged to bring analysis and/or simulation results addressing the open issues.



Since the SSB index reading performance will be impacted due to 12 PRB scenario, it would be desirable if network can indicate such PBCH reduction when triggering the HO, e.g., in the HO command. After got such 12PRB PBCH information, UE can accordingly implement the different SSB index acquisition scheme at the receiver side. Especially if legacy UE can also exist on such carrier, it can help UE to avoid degradation for SSB index performance. 
Proposal 1: The reduced BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command. 
Issue 1-7: Impact on UE RLM Requirements
The agreements in last meeting were:
	RRM impact on UE requirements: 
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	SSB-based RLM
	Impact
	FFS


	CSI-RS-based RLM
	Impact
	Impact



Agreement:
Impact on the UE requirements as listed in the table.
Way forward: Open issues which needs further discussion
-	SSB
· reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
-	CSI-RS
· reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
Companies are encouraged to bring analysis and/or simulation results addressing the open issues.



For less than 5MHz BW, both SSB based and CSI-RS based RLM requirement would be impacted.
(1)for 3MHz CBW, Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)).
(2) for 3MHz CBW, CSI-RS based OOS/IS evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)).	
(3) for 5MHz CBW, Hypothetical PDCCH transmission parameter: FFS due to reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz) and for CSI-RS is 48PRBs(8.64MHz)).
In RP-230780, it was agreed that,
	RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths for the spectrum allocations on the bands of interest in this work item, and concluded the following:
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.


The max channel utilization 15 PRBs as already agreed in RAN1/RAN4. Thus, the hypothetical BW in PDCCH transmission parameters can be reduced to 12PRBs for SSB based RLM and 15PRBs for CSI-RS based RLM; or it’s also feasible to define the hypothetical BW in PDCCH transmission parameters as 15PRBs for both SSB based and CSI-RS based RLM. 
For 5MHz case, the max CBW can reach 24PRBs (at least 90% channel utilization rate) even though the PBCH transmission is 20PRBs. Thus, the legacy hypothetical BW in PDCCH transmission parameters for SSB based RLM doesn’t need to change, while the hypothetical BW in PDCCH transmission parameters for CSI-RS based RLM can be reduced to 24PRBs.
Proposal 2: For the hypothetical BW in PDCCH transmission parameters in RLM:
· For 3MHz CBW, either of following alternatives can be adopted.
· Alt 1: the hypothetical BW in PDCCH transmission parameters can be reduced to 12PRBs for SSB based RLM and 15PRBs for CSI-RS based RLM; 
· Alt2: the hypothetical BW in PDCCH transmission parameters is 15PRBs for both SSB based and CSI-RS based RLM.
· For 5MHz CBW, the legacy hypothetical BW in PDCCH transmission parameters for SSB based RLM doesn’t need to change (24PRBs), while the hypothetical BW in PDCCH transmission parameters for CSI-RS based RLM can be reduced to 24PRBs.
Regarding the evaluation period for SSB-based OOS/IS, since the BW of SSS in SSB is not reduced, the existing requirement can still be applied. However, when CSI-RS is used for OOS/IS evaluation, the existing requirement was defined as:
	[image: ]


When 5MHz CBW is used, there is no impact to the CSI-RS based OOS/IS evaluation period. Whne 3MHz CBW is used, the max BW used for CSI-RS is 15PRBs, and therefore the CSI-RS based OOS/IS evaluation period shall be revisited for the CSI-RS BW=15PRBs.
Proposal 3: For the OOS/IS evaluation period in RLM:
· Legacy SSB-based OOS/IS evaluation period can be reused for both 3MHz CBW and 5MHz CBW. 
· Legacy CSI-RS-based OOS/IS evaluation period can be reused for 5MHz CBW. 
· CSI-RS-based OOS/IS evaluation period shall be investigated for 3MHz CBW(CSI-RS BW=15PRBs).
Issue 1-9: Impact on UE Link Recovery Procedure Requirements
The agreements in last meeting were:
	RRM impact on UE requirements: 
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Link Recovery Procedures (SSB based BFD)
	Impact: reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	FFS: reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))


	Link Recovery Procedures (CSI-RS based BFD)
	Impact: reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
	Impact: reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))

	Link Recovery Procedures ((SSB based CBD)
	Impact: reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	No impact

	Link Recovery Procedures (CSI-RS based CBD)
	Impact: reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
	No impact



Agreement:
Moderator suggest that the recommended WF is agreed with the new clarifications.
Way forward: Open issues which needs further discussion
-	SSB
· reduced BW (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
-	CSI-RS
· reduced BW (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
Companies are encouraged to bring analysis and/or simulation results addressing the open issues.
Companies please comment:
· Proposals
· Option 1: Agree with proposal in the table
· Option 2: Disagree with proposal in the table (include reasoning)

Way forward: Continue discussion in RAN4#107 meeting.



After double checking the existing requirement in TS38.133, our view on the potential impacts for link recovery is as following:
RRM impact on UE requirements: 
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Link Recovery Procedures (SSB based BFD)
	Impact: 
reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	No impact


	Link Recovery Procedures (CSI-RS based BFD)
	Impact: 
(1) reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
(2) reduced BW for evaluation period(Current BW for CSI-RS based evaluation is 24PRBs (4.32MHz))
	Impact: 
reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))


	Link Recovery Procedures ((SSB based CBD)
	No impact
	No impact

	Link Recovery Procedures (CSI-RS based CBD)
	Impact: 
reduced BW for evaluation period(Current BW for CSI-RS based evaluation is 24PRBs (4.32MHz))
	No impact



Like in RLM analysis, the change to the BFD requirement due to less than 5MHz can be as same as for RLM requirement. However, CSI-RS based CBD evaluation period needs to be investigated when the CBS is 3MHz.
Proposal 4: For the link recovery requirement for less than 5MHz, the RRM impacts are:
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Link Recovery Procedures (SSB based BFD)
	Impact: 
reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	No impact


	Link Recovery Procedures (CSI-RS based BFD)
	Impact: 
(1) reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
(2) reduced BW for evaluation period(Current BW for CSI-RS based evaluation is 24PRBs (4.32MHz))
	Impact: 
reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))


	Link Recovery Procedures ((SSB based CBD)
	No impact
	No impact

	Link Recovery Procedures (CSI-RS based CBD)
	Impact: 
reduced BW for evaluation period(Current BW for CSI-RS based evaluation is 24PRBs (4.32MHz))
	No impact



Proposal 5: the change to the BFD requirements for both 3MHz CBW and 5MHz CBW can be as same as that to the RLM requirement.
[bookmark: _Hlk132890556]Issue 1-16: Impact on UE L1-SINR Requirements
The agreements in last meeting were:
	RRM impact on UE requirements: 
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	L1-SINR measurements
	FFS
	No impact




Way forward: 
· Proposals
· Firstly discuss
· Option 1: Define L1-SINR requirements
· Option 2: Do not define L1-SINR requirements
· Secondly discuss
· Option 3: Define requirements for 3MHz CBW
· Option 4: Do not define requirements for 3MHz CBW
· Option 5: Define requirements for 5MHz CBW
· Option 6: Do not define requirements for 5MHz CBW
· Recommended WF
· More discussion needed

No agreement and whether to define requirements for L1-SINR can continue in RAN4#107 meeting.


One general issue to discuss is whether this WI shall be discussed together with other R16/17/18 feature or not. Based on the agreement from RAN#99 meeting, the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1. Thus RAN4 shall discuss this feature based on R15 framework without CA/DC as well as supporting UE speeds up to 500km/h for band n100. L1-SINR feature was introduced in R16 eMIMO WI, and we think it can be deprioritized at least in this release.
Proposal 6: Do not define L1-SINR requirement for less than 5MHz WI.
Issue 1-19: Impact on CGI
The agreements in last meeting were:
	RRM impact on UE requirements: 
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Measurement performance requirements
	Impact
	No impact




Tentative Agreement:
Do not define requirements for CGI reading.
Way forward: 
· Proposals
· Option 1: Agree not to define requirements for CGI reading
· Option 2: Agree to defining requirements for CGI reading
· Recommended WF
· More discussion needed
Agreement:
No agreement and whether to define requirements for CGI reading can continue in RAN4#107 meeting.


CGI reading is mainly used for SON/ANR purpose, however, the base of this WI is for dedicated network for train system(cell deployment is clear to network), and therefore we don’t understand why the CGI reading is essentially necessary in this WI.
Proposal 7: Do not define CGI reading requirement for less than 5MHz WI.
3. Conclusion
In this contribution, we discuss the RRM impacts for the spectrum less than 5MHz. 
Proposal 1: The reduced BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command. 
Proposal 2: For the hypothetical BW in PDCCH transmission parameters in RLM:
· For 3MHz CBW, either of following alternatives can be adopted.
· Alt 1: the hypothetical BW in PDCCH transmission parameters can be reduced to 12PRBs for SSB based RLM and 15PRBs for CSI-RS based RLM; 
· Alt2: the hypothetical BW in PDCCH transmission parameters is 15PRBs for both SSB based and CSI-RS based RLM.
· For 5MHz CBW, the legacy hypothetical BW in PDCCH transmission parameters for SSB based RLM doesn’t need to change (24PRBs), while the hypothetical BW in PDCCH transmission parameters for CSI-RS based RLM can be reduced to 24PRBs.
Proposal 3: For the OOS/IS evaluation period in RLM:
· Legacy SSB-based OOS/IS evaluation period can be reused for both 3MHz CBW and 5MHz CBW. 
· Legacy CSI-RS-based OOS/IS evaluation period can be reused for 5MHz CBW. 
· CSI-RS-based OOS/IS evaluation period shall be investigated for 3MHz CBW(CSI-RS BW=15PRBs).
Proposal 4: For the link recovery requirement for less than 5MHz, the RRM impacts are:
	
	3MHz channel bandwidth, 12 PRB PBCH
	5MHz channel bandwidth, 20 PRB PBCH

	Link Recovery Procedures (SSB based BFD)
	Impact: 
reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for SSB is 24PRBs (4.32MHz))
	No impact


	Link Recovery Procedures (CSI-RS based BFD)
	Impact: 
(1) reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))
(2) reduced BW for evaluation period(Current BW for CSI-RS based evaluation is 24PRBs (4.32MHz))
	Impact: 
reduced BW for hypothetical PDCCH transmission parameter (Current hypothetical BW for CSI-RS is 48PRBs(8.64MHz))


	Link Recovery Procedures ((SSB based CBD)
	No impact
	No impact

	Link Recovery Procedures (CSI-RS based CBD)
	Impact: 
reduced BW for evaluation period(Current BW for CSI-RS based evaluation is 24PRBs (4.32MHz))
	No impact



Proposal 5: the change to the BFD requirements for both 3MHz CBW and 5MHz CBW can be as same as that to the RLM requirement.
Proposal 6: Do not define L1-SINR requirement for less than 5MHz WI.
Proposal 7: Do not define CGI reading requirement for less than 5MHz WI.
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The values of Mow and Mi, used in Table 8.1.3.2-1, Table 8.1.3.2-2, Table 8.1.3.2-3 and Table 8.1.3.2-4 are defined as:

- Mou =20 and Min = 10, if the CSI-RS resource configured for RLM is transmitted with higher layer CSI-RS
parameter density [6, clause 7.4.1] setto 3 and over the bandwidth > 24 PRBs.





