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1. Introduction
In last RAN4 #106 meeting, the WF of spectrum less than 5MHz was agreed in [1]:
	<Agreement>:
· Start the work on RRM impact analysis with 15 RBs assumption and clarify the exact number of RBs for SSB (e.g., 16 or 15RBs) after RAN1 makes the conclusion.



In the last RANP #99 meeting, the reply LS to RAN1 and RAN4 were agreed in [2][3], and we duplicate the key agreements as following,
	RP-230780
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.
RP-230781
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following:
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. 
· It is assumed that UE support of the <5MHz feature is band-specific and optional.
[bookmark: _Hlk130374632]RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that 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.



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 discuss the RRM impacts for the spectrum less than 5MHz. 
2. Discussion
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. According to the conclusions from RAN#99 meeting, the key agreements on BW was:
· 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

Proposal 1: RAN4 to discuss the RRM impact based on the PBCH transmission BW as followings:
· For the 3MHz channel bandwidth: 12 PRBs on band 100, FFS on other bands
· For the 5MHz channel bandwidth: 20 PRBs 
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.
Proposal 2: RAN4 to discuss this WI(spectrum less than 5MHz) with following scopes 
· Based on R15 framework without CA/DC, and 
· Supporting UE speed up to 500km/h for band n100.
Following is a summary table for potential RRM impacts due to spectrum less than 5MHz and all the analysis is based on R15 UE RRM without CA/DC plus supporting UE speeds up to 500km/h for band n100.
Table 1. RRM impacts summary due to spectrum less than 5MHz
	RRM requirements
	Approximately 3 MHz (e.g., 12PRB)
	Below 5 MHz (20PRB)

	IDLE/inactive mode mobility
	Evaluation period needs FFS since SSB index reading is needed during the evaluation. (verify how many SSBs are above absThreshSS-BlocksConsolidation) including HST and non-HST cases.

No need to discuss EMR (R16 feature): EMR measurement with SSB 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
	No need to discuss. CA is out of scope.
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)
	No need to discuss. CA is out of scope.
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) (TRP specific link recovery is out of scope)
	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
	No need to discuss. DC is out of scope.

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 need to discuss. DC is out of scope.


	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

No need to discuss CSI-RS based L3 measurement delay (R16 feature):
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs)

No need to discuss CGI reading with autonomous gaps (R16 feature):
FFS on the reduced BW for MIB and SIB1

Other measurement requirement:
No impact

	SSB based Cell identification/measurement delay: 
No impact

No need to discuss CSI-RS based L3 measurement delay (R16 feature):
FFS CSI-RS based L3 measurement delay due to reduced CSI-RS BW (Current CSI-RS L3 measurement requirement is based on 48PRBs)

No need to discuss CGI reading with autonomous gaps (R16 feature):
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:

No need to discuss CSI-RS based L3 measurement accuracy (R16 feature): 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 L1-RSRP measurement accuracy due to reduced CSI-RS BW (Current CSI-RS L1 measurement accuracy requirement is based on 48PRBs)

	CSI-RS based measurement accuracy:

No need to discuss CSI-RS based L3 measurement accuracy (R16 feature): 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 L1-RSRP measurement accuracy due to reduced CSI-RS BW (Current CSI-RS L1 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 (e.g., 12PRBs).
- Regarding CSI-RS based L3 measurement, RAN4 not to discuss it in this WI since CSI-RS based L3 measurement is R16 feature
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 (e.g., 12PRBs).
For RLM/BFD:
- RAN4 to discuss whether the PDCCH hypothetical parameter needs to be updated for CBW=3MHz (e.g., 12PRBs).
Proposal 3: 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 the RRM impact based on the PBCH transmission BW as followings:
· For the 3MHz channel bandwidth: 12 PRBs on band 100, FFS on other bands
· For the 5MHz channel bandwidth: 20 PRBs 
Proposal 2: RAN4 to discuss this WI(spectrum less than 5MHz) with following scopes 
· Based on R15 framework without CA/DC, and 
· Supporting UE speed up to 500km/h for band n100.
Proposal 3: RAN4 to discuss the RRM impacts like in table 1.
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