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1. Introduction
The WID of spectrum less than 5MHz was agreed in [1], and main RAN4 scopes are summarized as following:
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.



Even though there are still some design to be concluded from RAN1, RAN4 can start analysis on the RRM impact due to the reduced CBW, e.g., 3MHz. In this contribution, we discuss the RRM impacts for the spectrum less than 5MHz. 
2. Discussion
In last RAN1 #111 meeting, there were some conclusions [2] on this WI for SSB/CORESET and corresponding design, as duplicated below,
	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.

Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS
[bookmark: _Hlk119584988]Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.



In this WI, only 15kHz SCS is assumed, and PSS/SSS BW is not reduced; but the PBCH BW could be reduced to accommodate the 3MHz (legacy PBCH BW with 15kHz SCS is: 3.6MHz (20PRBs)). RRM has some requirements related with PBCH BW, e.g., SSB index reading based on DMRS of PBCH; and therefore we need to study the impacts of 3MHz on those aspects.
Following is a summary table for potential RRM impacts due to spectrum less than 5MHz and all the analysis is based on legacy UE RRM rather than RedCap, NR-U and positioning.
Table 1. RRM impacts summary due to spectrum less than 5MHz
	RRM requirements
	CBW = 3MHz
	CBW = 5MHz

	IDLE/inactive mode mobility
	FFS: EMR measurement with SSN index reading (section: 4.4.2.2 Measurements of inter-frequency CA/DC candidate cells)
	No impact

	Handover
	HO requirement: FFS if PBCH BW reduction will impact SSB index reading during Tsearch

	No impact

	Reestablishment/redirect
	Reestablishment/redirection delay requirement: FFS if PBCH BW reduction will impact SSB index reading during Reestablishment/redirection
	No impact

	RACH
	No impact
	No impact

	UE Tx timing, MTTD/ MRTD, timer accuracy, TA accuracy
	No impact
	No impact

	RLM
	(1)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)CSI-RS based OOS/IS evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)).
	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)).

	SCell activation/deactivation
	Activation delay requirement: 
(1)FFS if PBCH BW reduction will impact SSB index reading during SCell activation

(2)FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay during SCell activation (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2)
	Activation delay requirement: 
FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay during SCell activation (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2)

	UL carrier reconfig
	No impact
	No impact

	Beam management (BFD/CBD/L1-RSRP), including TRP specific link recovery
	BFD:
(1)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)CSI-RS based evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)).

CBD:
CSI-RS based evaluation: FFS due to reduced BW (Current hypothetical BW for CSI-RS based evaluation is 24PRBs (4.32MHz)).

L1-RSRP: 
FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2)
	BFD:
No impact

CBD:
No impact

L1-RSRP: 
FFS if CSI-RS BW reduction will impact L1-RSRP measurement delay (Current CSI-RS L1-RSRP is based on 48PRBs, L1-RSRP related side conditions given in clauses 10.1.19.2)

	Active BWP switching, active TCI switching, PL-RS switching
	No impact
	No impact

	PSCell addition/change/release, SCG activation/deactivation
	PSCell addition:
FFS if PBCH BW reduction will impact SSB index reading during Tsearch

SCG activation:
FFS if PBCH BW reduction will impact SSB index reading during Tsearch

	No impact

	Interruption 
	No impact
	No impact

	MG enhancement related requirement (e.g., pre-configured MG activation)
	No impact
	No impact

	Measurement capability and cell identification/measurement delay in RRC connected mode, SFTD measurement, CGI reading with autonomous gaps
	Measurement capability:
No impact

SSB based Cell identification/measurement delay: 
FFS SSB index reading delay due to reduced BW of PBCH DMRS

CSI-RS based L3 measurement delay:
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs)

CGI reading with autonomous gaps:
FFS on the reduced BW for MIB and SIB1

Other measurement requirement:
No impact

	SSB based Cell identification/measurement delay: 
No impact

CSI-RS based L3 measurement delay:
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs)

CGI reading with autonomous gaps:
No impact (current band n100, n8, n26 and n28 has min BW=5MHz)

Other measurement requirement:
No impact


	Measurement accuracy
	CSI-RS based measurement accuracy:
FFS CSI-RS based L3 measurement accuracy due to reduced CSI-RS BW (Current CSI-RS L3 measurement accuracy requirement is based on 48PRBs)
	CSI-RS based measurement accuracy:
FFS CSI-RS based L3 measurement accuracy due to reduced CSI-RS BW (Current CSI-RS L3 measurement accuracy requirement is based on 48PRBs)



Based on above analysis, we think following key issues needs to be discussed in RAN4,
For L3 part:
- Regarding SSB based L3 measurement, RAN4 to discuss the impact on requirement of SSB index reading and to check if the measurement BW information shall be provided to UE in MO configuration if the CBW is reduced to 3MHz.
- Regarding CSI-RS based L3 measurement, RAN4 to discuss whether new RRM requirement is needed or not if the CBW is reduced to 3MHz
For L1 part:
- CSI-RS based L1 measurement requirement, e.g., CBD/BFD/L1-RSRP needs to be revised if the CBW is reduced 3MHz
For RLM/BFD:
- RAN4 to discuss whether the PDCCH hypothetical parameter needs to be updated for CBW=3MHz.
However, another general issue to discuss is whether this WI shall be discussed together with other R16/17/18 feature or not. Considering the deployment of this feature and current RAN4 workload, we prefer to discuss this feature based on R15 framework as starting point. But we are open to discuss case by case for R16/R17/R18 features with less than 5MHz if operators have such deployments.
Proposal 1: RAN4 to discuss this WI(spectrum less than 5MHz) based on R15 framework as starting point; and R16/R17/R18 features with less than 5MHz can be discussed case by case if operators have such deployments.
Proposal 2: RAN4 to discuss the RRM impacts like in table 1.
3. Conclusion
In this contribution, we discuss the RRM impacts for the spectrum less than 5MHz. 
Proposal 1: RAN4 to discuss this WI(spectrum less than 5MHz) based on R15 framework as starting point; and R16/R17/R18 features with less than 5MHz can be discussed case by case if operators have such deployments.
Proposal 2: RAN4 to discuss the RRM impacts like in table 1.
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