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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction

In accordance to the WID, the RAN4 task descried as below is to specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz [1].
	· 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



In the recent RAN #99 meetings, RAN sent an LS to TAN1 regarding channel utilization and PBCH transmission BW [2]. For 3 MHz channel BW, 12 PRB PBCH is confirmed in band n100 under 15 PRB channel utilization and FFS on the 12 or 15 PRB PBCH in other bands. For 5 MHz BW, 20 PRB PBCH is used without puncturing.
	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):
o	PBCH transmission bandwidth is 12 PRBs
o	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:
o	PBCH transmission bandwidth is 20 PRBs
o	CORESET#0 transmission bandwidth is to be decided by RAN1

•	Other details (including sync raster details) are to be progressed in the WGs.



RAN #99 also sent an LS to RAN4 regarding sync raster and supported features [3]. Within Rel-18 scope, singe-carrier operation excluding RedCap are to be supported and high speed up to 500 km/h should be targeted for Band n100.
	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][bookmark: _Hlk131710785]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.



2. Discussion
General views
System parameters overview 
In the table below we summarize the current status of system parameters in terms of RF BW, PSS/SSS, PBCH and CORESET0 size for the legacy system and for newly defined 3MHz and 5MHz systems.  The respective parameters are applicable to in FR1 with 15 KHz SCS in band n8, n26, n28 and n100.
	BW
	PSS/SSS
	PBCH
	CORESET0 sizes

	Legacy 5 MHz and more
(CHBW = 25 RB and more)
	Within 
12 RBs
	20 RB
	24 RB with 2 or 3 symbols
48 RB with 1 or 2 symbols

	New 3 MHz
(CHBW = 15 RB)
	
	12 RB @ band n100
[12, 15] RB @ other bands
	At most 15 RB.
FFS (RAN1) 

	New 5 MHz
(20 <= CHBW < 25 RB)
	
	20 RB
	At least 20 and < 25 RB
FFS (RAN1)



RRM requirements impacts
Due to limited signal BW in PBCH and CORSET, there might be an impact on RRM requirements if the requirements are associated with the measurement with PBCH (DMRS) and CORESET (DMRS). For the RRM requirements with PSS/SSS only, there won’t be no changes in RRM requirements. 
Observation 1: Due to limited signal BW in PBCH and CORSET, there might be an impact on RRM requirements if the requirements are associated with the measurement with PBCH (DMRS) and CORESET (DMRS). For the RRM requirements with PSS/SSS only, there won’t be no changes in RRM requirements.
Observation 2: For 3 MHz, RRM requirements using measurement of 12 RB PBCH (DMRS) and at most 15 RB CORESET (DMRS) would be impacted.
Observation 3: For less than 5 MHz, RRM requirements using measurement of CORESET (DMRS) would be impacted if CHBW is less than 24 RB.
Observation 4: At least for n100, RRM requirement for high speed support for 3 MHz needs to be investigated.
For the progress of RAN4 discussion, RAN4 down selected the impacted RRM requirements with the following steps [4].
1) Identify the reference signal types and the BW of the reference signals for target RRM requirement 
2) Check if the BW of reference signals in the BW under this WI.
RRM impact details 
Based on the RRM items listed in the WF of the last meeting [4], we can share our view as below. There is no new findings from our view except the followings.
Proposal 1: RAN4 needs to update candidate RRM items removing CA/DC items based on LS from RAN plenary 99, RP-230781.
Proposal 2: RAN4 needs to additionally investigate RRM impact of high speed support for 3 MHz BW
Table 1. Collective views on RRM impact in the WF [4]
	RRM
Requirement
	RAN4 #106 agreements in WF [4]
	Our views on RRM impact

	
	Detail Items
	~ 3 MHz
	< 5 MHz
	RSs/Channel
	~ 3 MHz
	< 5 MHz

	Idle mode RRM
& Inactive mode RRM
	EMR measurement with SSB index reading (section: 4.4.2.2 Measurements of inter-frequency CA/DC candidate cells)
	FFS
	No impact yet
	CA/DC 
is not scope
	Out of scope
	Out of scope

	HO requirement
	PBCH BW reduction will impact SSB index reading during Tsearch
	FFS
	No impact yet
	PBCH
	Yes.
Need 
simulation
	No

	RRC Re-establishment

RRC Connection Release with Redirection
	Re-establishment delay requirement: FFS if PBCH BW reduction will impact SSB index reading during Reestablishment 
	FFS
	No impact yet
	PBCH
	Yes.
Need 
simulation
	No

	UE transmit timing
	Timing with SSS/PSS
	No impact yet
	No impact yet
	SSS/PSS
	No
	No

	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)).
	FFS
	FFS
	CORESET
SSB /CSI-RS
	Yes.
Need 
simulation
	    FFS

(PDCCH Design in RAN1)

	SCell Activation Delay
	(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)
	FFS
	FFS
	PBCH/CSI-RS

Out of scope
	Out of scope
	Out of scope

	Link Recovery Procedures (SSB based BFD, CSI-RS based BFD, SSB based CBD, CSI-RS based CBD
	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)).
	FFS
	FFS on BFD

CBD: No Impact
	CORESET
SSB /CSI-RS
	Yes.
Need 
simulation
	Yes.
Need LLS
For BFD

No impact on CBD

	PSCell Addition
	FFS if PBCH BW reduction will impact SSB index reading during Tsearch
	FFS
	No impact yet
	PBCH
	Yes.
Need 
simulation
	No

	TCI state switching
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	SCG Activation
	FFS if PBCH BW reduction will impact SSB index reading during Tsearch
	FFS
	No impact yet
	PBCH
	Out of scope
	Out of scope

	Intra-frequency / Inter-frequency
measurements
	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 and SFTD:
FFS on the reduced BW for MIB and SIB1
Other measurement requirement: No impact
	FFS
	SSB
(No impact)

CSI-RS
(FFS)

CGI reading with autonomous gap
(No impact)
	SSB / CSI-RS / PBCH

	Yes.
Need 
simulation
	Yes 
for CSI-RS L3 meas.

	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)
	FFS
	FFS
	CSI-RS
	Yes.
Need 
simulation
	Yes.
Need LLS

	L1-SINR
	FFS
	FFS
	FFS
	?
	?
	?

	Measurement performance requirements
	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)
	FFS
	FFS
	SS-RSRP/RSRQ
/SINR

CSI-RS 
L1-RSRP
	Yes.
Need 
simulation
	Yes.
Need LLS

	Other with
 No impact
	Random Access, MRTD/MTTD, Interruption, UL carrier RRC Re-config. delay, PScell change, Inter-RAT   
	Same view

	High Speed Req.
	TBA
	NA
	NA
	HST req.
based on SSB
	Yes.
Need 
simulation
	No


Simulation Assumptions
In the last meetings, preliminary simulation assumption is proposed [4] and Rapporteur called for comments. For the simulation, we have comments as below. 
Proposal 3: Consider the following parameters for simulation assumptions
1) UE speed up to 500km/h with HST deployment scenario such as HST single tap channel.
2) RAN4 need to clarify how to model “RB utilization” in simulation.
	RB Utilization
	%
	Baseline 0.9 



Table 1. Preliminary simulation assumptions for DMRS detection, DMRS demodulation, and PDCCH detection loss due to puncturing [4]

	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	900MHz

	Subcarrier spacing
	kHz
	15 kHz; 

	Number of Tx antennas
	-
	1

	Number of Rx antennas
	-
	2 

	
	
	

	DMRS
	- 
	3GPP NR PBCH DMRS

	Other assumptions
	
	Tx BW known at Rx side 
Rx BW known at TX side

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	Baseline 0.9 

	PBCH symbols within the SS block
	 
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	Baseline 0 

	PBCH power offset with respect to PBCH-DMRS
	dB
	0 

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0 

	PSS and SSS sequences
	-
	No changes expected 

	PBCH-DMRS sequences
	-
	No changes expected

	PBCH-DMRS RE positions within the PBCH resource
	-
	No changes expected except for puncturing impact

	PBCH Channel coding
	 
	No changes expected to actual Channel coding
(Polar code with 512 length and 24bit CRC)

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit (CRC 24bit) | FFS

	PBCH SNR
	dB
	-10: 0 dB, with 1 dB spacing

	Propagation Condition / Channel models
	-
	FR1:
AWGN
TDL-A 30ns
TDL-B 100ns
TDL-C 300ns

	UE speed
	 
	FR1: 3 km/h, Higher speeds FFS

	Detection Method
	 
	One shot detection (No combination for different PBCHs)

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned. 
 


3. Conclusion

Observation 1: Due to limited signal BW in PBCH and CORSET, there might be an impact on RRM requirements if the requirements are associated with the measurement with PBCH (DMRS) and CORESET (DMRS). For the RRM requirements with PSS/SSS only, there won’t be no changes in RRM requirements.
Observation 2: For 3 MHz, RRM requirements using measurement of 12 RB PBCH (DMRS) and at most 15 RB CORESET (DMRS) would be impacted.
Observation 3: For less than 5 MHz, RRM requirements using measurement of CORESET (DMRS) would be impacted if CHBW is less than 24 RB.
Observation 4: At least for n100, RRM requirement for high speed support for 3 MHz needs to be investigated.
Proposal 1: RAN4 needs to update candidate RRM items removing CA/DC items based on LS from RAN plenary 99, RP-230781.
Proposal 2: RAN4 needs to additionally investigate RRM impact for high speed support (HST) for 3 MHz BW
Proposal 3: Consider the following parameters for simulation assumptions
1) UE speed up to 500km/h with HST deployment scenario such as HSTP single tap channel.
2) RAN4 need to clarify how to model “RB utilization” in simulation.
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