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Introduction
[bookmark: OLE_LINK25][bookmark: OLE_LINK1]In RAN#95e meeting, a revised WID on NR support for dedicated spectrum less than 5MHz for FR1 was approved [1]. It focuses on market requests from vertical industry with the operating bandwidth less than 5MHz, such as Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. In these above deployment scenarios, the available bandwidth for NR operation is 2.8~3.6 MHz for FRMCS or 3MHz for smart grids and Public Safety. 
During RAN1#111 and RAN1#112 meetings, potential enhancements on various channels/signals were discussed, for which some new UE features should be defined. In this contribution, our analysis and views are provided for potential UE features for operating NR on dedicated spectrum less than 5MHz.
Discussion
For dedicated spectrum less than 5MHz, it requires necessary modifications to some NR functions that are mandatory to legacy UEs, e.g., PBCH reception and configuration of CORESET0, etc. Therefore, for a Rel-18 UE supporting to camp on dedicated spectrum less than 5MHz, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for NR operation. Given it may require different modifications for different operating bands with different available PRBs, the reporting type for this basic UE FG could be per band basis. 
[bookmark: OLE_LINK6]Proposal 1: For a Rel-18 UE supporting to camp on dedicated spectrum less than 5MHz, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 
· Per band reporting for the basic UE FG, subject to further discussion in AI 9.13.1. 
· PBCH reception
In RAN1#112 meeting, the following working assumption was made for PBCH transmission with RB-level puncturing according to available PRBs under dedicated spectrum less than 5MHz [2]. 
	Working Assumption
[bookmark: OLE_LINK26]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


In addition, other method for improving PBCH reception performance, such as, PBCH remapping, is still under consideration. No matter which mode will be supported for PBCH transmission. The basic UE FG should include the PBCH enhancements. 
Observation 1: For Rel-18 UE supporting dedicated spectrum less than 5MHz, the basic UE FG should include the enhancements to PBCH.
· PDCCH reception
In RAN1#111 meeting, the following agreement was agreed for CORESET#0 configuration for transmission bandwidths less than 5MHz [3]. 
	Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.


As support of CORESET#0 configuration is a mandatory NR operation, enhancements to CORESET#0 should be also included in the basic UE FG no matter which option is to be adopted. 
Observation 2: For Rel-18 UE supporting dedicated spectrum less than 5MHz, the basic UE FG should include the enhancements to CORESET#0.
· CSI-RS other than CSI-RS for RRM
During RAN1#112 meeting, it has been discussed about whether a new UE capability should be defined for indicating of the support of an arbitrary size of CSI-RS/TRS. And the following proposal was made. 
	[bookmark: OLE_LINK45]Proposal 3.3.1-1: For transmission bandwidths of <5MHz for a 5MHz channel bandwidth, for CSI-RS other than that for RRM measurements, select between,
· Opt.1: no enhancements are needed
· Note: This may require Ues operating on the bands support arbitrary size of BWP between 3MHz to 5MHz.
· Opt.2: introduce a UE capability to indicate whether the UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.


In current NR, for CSI-RS for L1-RSRP/SINR and CSI acquisition, the number of PRBs for CSI-RS fulfils . For TRS, the number of PRBs for CSI-RS is the min(52, ), or is equal to . It represents that the size of TRS or CSI-RS other than that for RRM can be defined minmum as  in dedicated spectrum less than 5MHz. Then, the issue is converted to whether a UE can support arbitrary size of BWP between 3MHz to 5MHz. 
[bookmark: OLE_LINK2]According to the following RAN#4 LS during Rel-15 [4], a UE can be configured a BWP with PRBs less than UE CC Bandwidth. Therefore, the size of CSI-RS/TRS in dedicated spectrum less than 5MHz can be well defined by configuring a BWP within the corresponding available bandwidth. And there is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz.
	RAN4 made the following agreement in R4-1801006 on BWP configuration and requirement applicability.
•	UE can be configured a BWP with small PRBs less than UE CC Bandwidth. 
•	UE RF requirements for DL and UL are applied based on configured UE CC bandwidth even if any BWPs less than configured UE CC bandwidth is configured
•	RAN4 will only apply the requirements according to set of UE CBW.


With above, we have the following observation. 
[bookmark: OLE_LINK3]Observation 3: There is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz. 
· CSI-RS for RRM
In legacy, CSI-RS for RRM is defined (in FG 1-4 and FG 1-5, etc.) as optional UE FG. According to our companion contribution [5], a lower bandwidth for CSI-RS for RRM, such as, size 12, size 16 and size 20, should be introduced for NR with dedicated spectrum less than 5MHz. Therefore, a separate optional UE FG should be defined for Rel-18 enhancements to CSI-RS for RRM. 
Observation 4: For Rel-18 UE supporting dedicated spectrum less than 5MHz, an optional UE FG is introduced for the enhancements to CSI-RS for RRM.
· PUCCH
In RAN1#111, the following conclusion was reached for PUCCH. Regarding the FFS, we don’t see any necessity for support of PUCCH FH disabling as discussed in [5]. Therefore, no any enhancements to PUCCH 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.


Observation 5: There is no need to introduce a new UE capability for PUCCH. 
· PRACH
In RAN1#111, the following conclusion and agreements were reached for PRACH. It is clear that no any enhancements to PRACH is needed. 
	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
[bookmark: OLE_LINK5]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.


Observation 6: There is no need to introduce a separate UE capability for PRACH. 
· A note can be added in the basic UE FG, i.e., 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.

· Proposed UE FGs 
Based on above analysis, we propose the following UE FGs for Rel-18 dedicated spectrum less than 5MHz. 
Proposal 2: Consider the following UE FGs for Rel-18 dedicated spectrum less than 5MHz as a starting point. 
	Features
	Index
	Feature group
	Components
	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

	xx.
NR_FR1_lessthan_5MHz_BW
	xx-1
	Basic channel structure  of dedicated spectrum  less than 5MHz
	Support of basic channel structure of dedicated spectrum  less than 5MHz

1) [bookmark: _GoBack]RB-level [puncturing or remapping] based PBCH reception.
2) A new CORESET#0 configuration table


	
	Yes
	N/A
	UE is not required to camp on  dedicated spectrum less than 5MHz
	[Per Band]
	FDD only
	Applicable to FR1 only
	N/A
	Note: 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.
	Optional with capability signaling

	xx.
NR_FR1_lessthan_5MHz_BW
	xx-2
	CSI-RS based RRM measurement
	CSI-RS based RRM measurement in dedicated spectrum less than 5MHz

RRM measurement use CSI-RS with lower bandwidth, including, 12 PRBs, 16 PRBS, 20 PRBs.
	xx-1, FG 1-4, FG 1-5
	Yes
	N/A
	UE is not required to support CSI-RS based RRM measruement in dedicated spectrum less than 5MHz when it is provided with CSI-RS with lower bandwidth by higher layers 
	[Per Band]
	FDD only
	Applicable to FR1 only
	N/A
	
	Optional with capability signaling



Conclusion
In this contribution, the UE FGs for operating NR on dedicated spectrum less than 5MHz are analyzed with the following observation and proposals.
Proposal 1: For a Rel-18 UE supporting to camp on dedicated spectrum less than 5MHz, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 
· Per band reporting for the basic UE FG, subject to further discussion in AI 9.13.1. 
Observation 1: For Rel-18 UE supporting dedicated spectrum less than 5MHz, the basic UE FG should include the enhancements to PBCH.
Observation 2: For Rel-18 UE supporting dedicated spectrum less than 5MHz, the basic UE FG should include the enhancements to CORESET#0.
Observation 3: There is no need to introduce new UE capability for indicating whether a UE supports an arbitrary size CSI-RS/TRS between 3MHz to 5MHz. 
Observation 4: For Rel-18 UE supporting dedicated spectrum less than 5MHz, an optional UE FG is introduced for the enhancements to CRS-RS for RRM.
Observation 5: There is no need to introduce a new UE capability for PUCCH. 
Observation 6: There is no need to introduce a separate UE capability for PRACH. 
· A note can be added in the basic UE FG, i.e., 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.
Proposal 2: Consider the following UE FGs for Rel-18 dedicated spectrum less than 5MHz as a starting point. 
	Features
	Index
	Feature group
	Components
	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

	xx.
NR_FR1_lessthan_5MHz_BW
	xx-1
	Basic channel structure  of dedicated spectrum  less than 5MHz
	Support of basic channel structure of dedicated spectrum  less than 5MHz

1) RB-level [puncturing or remapping] based PBCH reception.
2) A new CORESET#0 configuration table


	
	Yes
	N/A
	UE is not required to camp on  dedicated spectrum less than 5MHz
	[Per Band]
	FDD only
	Applicable to FR1 only
	N/A
	Note: 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.
	Optional with capability signaling

	xx.
NR_FR1_lessthan_5MHz_BW
	xx-2
	CSI-RS based RRM measurement
	CSI-RS based RRM measurement in dedicated spectrum less than 5MHz

RRM measurement use CSI-RS with lower bandwidth, including, 12 PRBs, 16 PRBs, 20 PRBs.
	xx-1, FG 1-4, FG 1-5
	Yes
	N/A
	UE is not required to support CSI-RS based RRM measruement in dedicated spectrum less than 5MHz when it is provided with CSI-RS with lower bandwidth by higher layers 
	[Per Band]
	FDD only
	Applicable to FR1 only
	N/A
	
	Optional with capability signaling
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