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1 [bookmark: _GoBack]Introduction
Following objectives for the WI of “NR support for dedicated spectrum less than 5MHz for FR1” was approved in [1]. 
	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]:
· [bookmark: _Hlk134539744][bookmark: _Hlk134539169]Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· [bookmark: _Hlk134537708]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, n106, n26, n28 and n85:
· 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, n106, n26, n28 and n85.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.



In addition, following two LSs are received from RANP#99 meeting [2] –[3]:
	From RP-230780
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· [bookmark: _Hlk134537766]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.

From 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: _Hlk134539483][bookmark: _Hlk130806890][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.


This contribution presents our view on RAN1 UE features for dedicated spectrum less than 5MHz.
2 Discussion 
Based on the WID [1], following two cases are considered:
· Case 1: Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Case 2: Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n106, n26, n28 and n85.
Until RAN1#112 meeting, following agreeemets and working assumption for PRACH and PBCH are made:
	Conclusion
No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable
Agreement
Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth.

Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed
Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.



Corresponding to above agreements and current RAN1 progress, following FG is proposed.
[bookmark: _Hlk134546568]Proposal 1: Adopt following FG51-1 for dedicated spectrum less than 5MHz for 3MHz and 5MHz channel bandwidth.
· FG51-1: Basic initial access channels for FR1< 5MHz 
· Componnets:
1. Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2. Reuse PSS/SSS specification without puncturing 
3. PBCH transmission bandwidth is 12 PRBs, 15 PRBs or 20 PRBs
· For available PRBs for PBCH transmission is less than 20PRB, PBCH based on RB-level puncturing  
4. FFS for disabling of frequency hopping for common PUCCH resources 
Based on RP-230781, it is assumed that UE support of the <5MHz feature is band-specific and optional. Therefore, 
· Type: Per band
· Mandatory/Optional: Optional with capability signalling
· Need of FDD/TDD differentiation: FDD only
· Need of FR1/FR2 differentiation: FR1 only
· Note: following can be added in the Note Column. 
· For dedicated spectrum less than 5MHz for 3MHz and 5MHz channel bandwidth, restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix
· This FG is only appliecable to single-carrier operation and is not applicable to RedCap UEs 
There are also some discussions on enhancement for CSI-RS/TRS, and following conclusion was made in RAN1#112 meeting:
	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
· FFS: CSI-RS for RRM



For transmission bandwidths of <5MHz for 5MHz channel bandwidth e.g. 3.6MHz, for CSI-RS other than for RRM measurements, RAN1 does not have common understanding whether UE can support arbitrary BWP size by Rel-17 from the implementation perspective, although current specification provides full flexibility to support a BWP of any size from configuration/signaling perspective. Similar as Rel-16 TEI of flexible TRS bandwidth for BWP of 52 RBs, following FG can be considered: 

Proposal 2: Following FG51-2 can be considered for CSI-RS/TRS for dedicated spectrum less than 5MHz.
· FG51-2: additional bandwidth of CSI-RS/TRS 
· Componnets: CSI-RS/TRS bandiwdths are 12, 16, 20 PRBs
· Prerequisite feature group: FG51-1
· Type: Per band
· Mandatory/Optional: Optional with capability signalling
· Need of FDD/TDD differentiation: FDD only
· Need of FR1/FR2 differentiation: FR1 only

3 Conclusion
This contribution provides our views for UE features required for dedicated spectrum less than 5MHz. Following is the proposal summary followed by the proposaed Feature Table “51.NR_FR1_lessthan_5MHz_BW”. 

Proposal 1: Adopt following FG51-1 for dedicated spectrum less than 5MHz for 3MHz and 5MHz channel bandwidth.
· FG51-1: Basic initial access channels for FR1< 5MHz 
· Componnets:
1. Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2. Reuse PSS/SSS specification without puncturing 
3. PBCH transmission bandwidth is 12 PRBs, 15 PRBs or 20 PRBs
· For available PRBs for PBCH transmission is less than 20PRB, PBCH based on RB-level puncturing  
4. FFS for disabling of frequency hopping for common PUCCH resources 
· Type: Per band
· Mandatory/Optional: Optional with capability signalling
· Need of FDD/TDD differentiation: FDD only
· Need of FR1/FR2 differentiation: FR1 only
· Note: following can be added in the Note Column. 
· For dedicated spectrum less than 5MHz for 3MHz and 5MHz channel bandwidth, restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix
· This FG is only appliecable to single-carrier operation and is not applicable to RedCap UEs 
Proposal 2: Following FG51-2 can be considered for CSI-RS/TRS for dedicated spectrum less than 5MHz.
· FG51-2: additional bandwidth of CSI-RS/TRS 
· Componnets: CSI-RS/TRS bandiwdths are 12, 16, 20 PRBs
· Prerequisite feature group: FG51-1
· Type: Per band
· Mandatory/Optional: Optional with capability signalling
· Need of FDD/TDD differentiation: FDD only
· Need of FR1/FR2 differentiation: FR1 only 



- 3/226 -C2 General

51. [bookmark: _Hlk131412986]NR_FR1_lessthan_5MHz_BW
	Features
	Index
	Feature group
	Components
	[bookmark: _Hlk134546838]Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	51. NR_FR1_lessthan_5MHz_BW
	51-1
	Basic initial access channels for FR1< 5MHz for 3MHz and 5MHz channel bandwidth
	1 Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2 Reuse PSS/SSS specification without puncturing 
3 PBCH transmission bandwidth is 12 PRBs, 15 PRBs or 20 PRBs
· For available PRBs for PBCH transmission is less than 20PRB, PBCH based on RB-level puncturing  
4 FFS for disabling of frequency hopping for common PUCCH resources 
	
	Yes
	
	UE cannot support operate in spectrum allocations from approximately 3 MHz up to below 5 MHz
	Per band
	FDD only 
	FR1 only
	
	· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix
· This FG is only appliecable to single-carrier operation and is not applicable to RedCap UEs
	Optional with capability signalling 

	51. NR_FR1_lessthan_5MHz_BW
	51-2
	Additional bandwidth of CSI-RS/TRS
	CSI-RS/TRS bandiwdths are 12, 16, 20 PRBs
	FG51-1
	Yes
	
	UE cannot support CSI-RS/TRS bandiwdths of 12, 16, 20 PRBs
	Per band
	FDD only 
	FR1 only
	
	
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-z
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