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1. Introduction
This document summarizes contributions submitted to AI 9.16.12 regarding UE features for dedicated spectrum less than 5MHz.
According to the initial UE features list from rapporteur [1], there are following feature groups for dedicated spectrum less than 5MHz.
· [bookmark: _Hlk85011108]FGs for NR support for dedicated spectrum less than 5MHz for FR1
· 51-x	Support for 3 MHz channel bandwidth

Similar to Rel-17, the first priority is to stabilize the signaling structure so that RAN2 can start their work. To this end, in this RAN1 meeting, we focus on the FG structure to have common understanding among companies on how to split the WID into FGs and how to group components/features into rows, while controversial contents can be kept as FFS or […]. Other issues, such as reporting type, can be discussed in future meetings.

- 14/14 -
2. FGs for NR support for dedicated spectrum less than 5MHz for FR1
In [1], FGs for NR support for dedicated spectrum less than 5MHz for FR1 are captured as below.
	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

	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1. Reception of [12 or 15] RB PBCH.

2. [Reception of 12 or 15 RB CORESET].

3. [Disabling of PUCCH Frequency hopping]
	
	Yes
	N/A
	UE not able to support 3 MHz channel bandwidth
	Per Band
	No
	No
	N/A
	
	Optional




Following inputs are provided in contributions for the RAN1#113 meeting.
	[2]
	FUTUREWEI
	As this is a RAN4-led work item, the features that RAN1 develop may include inputs from RAN4, including sync raster and type. In addition, because RAN1 did not progress too far with physical layer designs, it may be difficult to identify components at this moment.
Based on the WID, there are two variants of UEs: one supporting 3 MHz channel bandwidths with a transmission bandwidth of 12 and 15 RBs and another supporting 5 MHz with a transmission bandwidth of 20 RBs. The 12 RB transmission BW device targets band n100. RAN1 is to decide the transmission bandwidth for other bands with a 3MHz channel bandwidth. There are some commonalities between the variants: they both operate with 15 kHz SCS and operate on a CORESET#0 bandwidth less than 24 RBs. The 3 MHz UE variant supports other features such as detecting SSBs with fewer than 20 RBs, operation on a possibly different / band-specific sync raster.
One approach is to have two sets of FGs with each variant having its own set. Another approach is to have a basic feature group (FG) that is pre-requisite for both variants. This basic FG contains common components, e.g., CORESET#0 bandwidth less than 24 RBs and possible changes for initial access. Depending on the approach taken, FG discussions become different. But we would be open to consider a basic feature group and then having features groups for the variants based on that basic FG.
Proposal 1. Examine a basic feature group for the less than 5 MHz UEs 
What is common between the variants is listed below.
1. Operation in FR1 with 15 kHz SCS
2. Operating with an initial DL BWP (CORESET#0) less than 24 RBs
3. Capable of receiving a [punctured] PDCCH
4. Enabling/disabling of frequency hopping for common PUCCH resources during initial access
5. [CSI-RS configuration]
6. Receive at least PSS/SSS portion of CD-SSB in the transmission bandwidth of the initial DL BWP
These items can form the basis for FG 51-1.
Supporting transmission bandwidths between 16 and 24 RBs
This FG should have a prerequisite of FG 51-1.
1. Support of 20 PRB PBCH transmission bandwidth for the specified bands
2. [Support of a dedicated band-specific sync raster]
Supporting channel bandwidth of 3 MHz
This FG should have a prerequisite of FG 51-1 and has elements specific for 3MHz channel bandwidth.
1. Support of X PRB PBCH transmission bandwidth
· X is [12 or 15], where the value of X is fixed for a band [X=12 for n100] 
2. Support of a dedicated [band-specific] sync raster
Proposal 2. Support two features with a prerequisite to a basic feature group where each feature group is for a channel bandwidth 
	51. Less than 5 MHz
	51-1
	Initial access
	· Operation in FR1 with 15 kHz SCS
· Operating with an initial DL BWP (CORESET#0) less than 24 RBs
· Capable of receiving a [punctured] PDCCH
· Enabling/disabling of frequency hopping for common PUCCH resources during initial access
· [CSI-RS configuration]
· Receive at least PSS/SSS portion of CD-SSB in the transmission bandwidth of the initial DL BWP
	
	Y
	
	No initial access for transmission bandwidths of 20 RBs or less
	
	Y
	FR1 only
	
	
	

	51. Less than 5 MHz
	51-2
	5 MHz channel
	· Support of 20 PRB PBCH transmission bandwidth for the specified bands
· [Support of a dedicated band-specific sync raster]
	51-1
	Y
	
	No operation in transmission bandwidth of 20 RBs
	
	Y
	
	
	
	

	51. Less than 5 MHz
	51-3
	3 MHz channel
	· Support of X PRB PBCH transmission bandwidth
· X is [12 or 15], where the value of X is fixed for a band [X=12 for n100] 
· Support of a dedicated [band-specific] sync raster
	51-1
	Y
	
	No operation in channel bandwidth of 3 MHz
	[Per band]
	Y
	
	
	
	




	[3]
	vivo
	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
	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




	[4]
	ZTE
	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. 
[bookmark: _Hlk135255597]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) 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




	[5]
	Ericsson
	In RAN#99, the following LS reply to RAN1 was provided [2]:
	[bookmark: _Hlk128664568]1. Overall Description:
RAN would like to thank RAN WG1 for their LS on transmission bandwidths for NR on dedicated spectrum less than 5 MHz.
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.
 2. Actions: RAN respectfully requests RAN1 to take the above information into account for their further work.



Based on the “LS reply to RAN1” cited above, the scenarios under the scope of the Work Item (WI) on “LessThan5MHzFR1” are illustrated in Figure 1:

[image: ]
Figure 1: New use-cases to be supported under the scope of the Rel-18 WI on “LessThan5MHzFR1”.

[bookmark: _Toc134712331]For “LessThan5MHzFR1,” a new channel bandwidth of 3MHz was defined, whereas according with recent guidance from RAN Plenary, a sub-3MHz and a sub-5MHz use-cases will also be supported through confining UL and DL transmissions within and without fully utilizing the maximum transmission bandwidths of the nominal channel bandwidths for 3MHz and 5MHz respectively. Design details are still under discussion in RAN1, therefore in our view the initial discussions on the “UE feature list” should start until the fundamental agreements around the scenarios to be supported have been settled.
[bookmark: _Toc134479952][bookmark: _Toc134712338]The input on the “UE Feature list” depends on agreements yet to be made in RAN1# 113 upon accounting for the RAN Plenary guidance, thus the corresponding discussions on the above mentioned “list” is recommended to start after all the fundamental aspects of “LessThan5MHzFR1” are settled.

	[6]
	Qualcomm
	Proposal: Introduce the following new FGs/rows for dedicated spectrum less than 5MHz:
	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

	51. NR_ FR1_lessthan_5MHz_BW
	51-1
	Transmission bandwidth of 20RBs in 5MHz channel bandwidth
	1. Subcarrier spacing of 1.25kHz/15kHz for PRACH and 15kHz for other channels/signals
2. BWP=25RBs
3. SSB bandwidth of 20RBs, same as that of transmission bandwidth of 25RBs in 5MHz channel bandwidth
4. Tx bandwidth within 20RBs, same as the SSB transmission bandwidth of 20RBs
5. Disabled PUCCH hopping in msg4
6. CSI-RS/TRS transmission bandwidth of 20RBs
7. 3-FDMed PRACH occasions with 1.25kHz subcarrier spacing

	6-1
	Yes
	
	
	Per FSPC
	FDD only
	FR1 only
	
	
	Optional with capability signalling

	51. NR_ FR1_lessthan_5MHz_BW
	51-2
	Transmission bandwidth of 15RBs in 3MHz channel bandwidth
	1. Subcarrier spacing of 1.25kHz/15kHz for PRACH and 15kHz for other channels/signals 
2. BWP=15RBs
3. SSB bandwidth of 12RBs, with PBCH transmission bandwidth same as that of PSS/SSS
4. Tx bandwidth within 15RBs, confining the SSB transmission bandwidth of 12RBs
5. Disabled PUCCH hopping in msg4
	6-1
	Yes
	
	
	Per FSPC
	FDD only
	FR1 only
	
	
	Optional with capability signalling

	51. NR_ FR1_lessthan_5MHz_BW
	51-3
	Transmission bandwidth of 12RBs in 3MHz channel bandwidth
	1. Subcarrier spacing of 1.25kHz/15kHz for PRACH and 15kHz for other channels/signals 
2. BWP=15RBs
3. SSB bandwidth of 12RBs, with PBCH transmission bandwidth same as that of PSS/SSS
4. Tx bandwidth within 12RBs, same as the SSB transmission bandwidth of 12RBs
5. Disabled PUCCH hopping in msg4
6. CSI-RS/TRS transmission bandwidth of 12RBs
	6-1
	Yes
	
	
	Per FSPC
	FDD only
	FR1 only
	
	
	Optional with capability signalling




	[7]
	Samsung
	In previous RAN1 meetings [1][2], agreements related to bandwidth assumption were as below.

	
Agreement 
· For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following and RAN plenary guidance,
· For 5MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz up to below 5 MHz. What is the recommended transmission BW(s) to consider?
· For 3MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz. What is the recommended transmission BW(s) to consider?
· No intention to change the WID scope and TU

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

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.





Moreover, in the LS from RAN plenary [3]: 
	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.




Based on the above agreements in RAN 1, the basic feature for the UE supports dedicated spectrum less than 5MHz shall at least support PBCH puncture and COREST #0 for less than 5MHz.  Moreover, this FG should be noted with “A UE that supports dedicated spectrum less than 5MHz must indicate this FG is supported. ”

Proposal #1: Introduce a capability for the UE supports dedicated spectrum less than 5MHz with following:
· PBCH based on RB-level puncturing
· CORESET#0 for dedicated spectrum less than 5MHz, FFS on details 
· Note: A UE that supports dedicated spectrum less than 5MHz must indicate this FG is supported. 

	[8]
	DOCOMO
	As stated in the WID [1], this WI aims to 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, such as around 3 MHz BW @ n100 in Europe for FRMCS, 3MHz BW @ n8/n26 in the US for smart grid, and 3MHz BW @ n28 in Europe for PPDR. According to the WID, 5MHz CBW is assumed at least for FRMCS and optional 3MHz CBW can be also assumed for all use cases. Therefore, following two cases should be considered in this WI as shown in Fig.1.
· Case 1: 3 MHz CBW, transmission BW is less than or equal to CBW
· Case 2: 5 MHz CBW, transmission BW is less than CBW considering the coexistence with GSM-R

[image: ]	 [image: ]
	Case 1	Case 2
Figure 1.  Channel bandwidths considered in this WI

RAN1 got following reply LS from RAN plenary [2]:
	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.



According to the above reply and RAN1 discussion/agreements so far, it has not been decided whether a unified PBCH BW is applied to every target band in this WI or not. Also, the only one UE feature which seems stable now is the support of punctured PBCH with 12 PRBs for 3MHz CBW in band n100 based on the reply from RAN plenary and following working assumption.
	Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are 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



Therefore, following proposal is made. Details can be discussed once RAN1 makes further progress.

Proposal 1:
· Introduce FG for the punctured PBCH with 12 PRBs for 3MHz CBW [in band n100]
· FFS whether this FG is applicable only for band n100 or any other target bands with 3MHz CBW in this WI
· FFS whether to introduce additional components
· FFS reporting type
· Optional with capability signaling. For UE supporting 3MHz CBW [in band n100], UE must indicate this FG is supported.

	[9]
	Nokia, Nokia Shanghai Bell
	The following new FGs can be identified:
	Feature group
	Components

	Support for 3 MHz channel BW
	1. Reception of [12 or 15] RB PBCH.
2. [Reception of 12 or 15 RB CORESET].
3. [Disabling of PUCCH Frequency hopping]

	[Support for reduced PRB allocation for 5 MHz channel BW]
	[Support for CORESET0 of [XX] PRBs]



1st FG, Component 1: RAN agreement [3] for band n100 is 12 PRBs, but it could still be 15 PRBs for some other bands; subject to discussions in RAN1#113 AI 9.13 

1st FG, components 2 and 3, as well as the complete 2nd FG being subject to further discussions in AI 9.13 in RAN1#113 before it is possible to make the final decision on them.

The FGs should be defined per band, as there are no band combinations due to no CA support with sub-5 MHz bands as per the RAN guidance in [4].
Proposal 1: Adopt the following FGs for NR support for dedicated spectrum less than 5MHz for FR1
Proposal 2: Make all the FGs of the NR support for dedicated spectrum less than 5MHz for FR1 WI “per band”

	[10]
	Huawei, HiSilicon
	Considering migration from the existing non-5G system to NR system, the dedicated NW operated in band at least n100 can go through two phases. In phase I, the channel bandwidth is 3MHz, whose transmission bandwidth of PBCH is 12 PRBs. In phase II, the channel bandwidth is 5MHz, whose transmission bandwidth of PBCH is 20 PRBs. In both phases, the design of other signalling/channel may be different, e.g. different bandwidth of CORESET#0. Because in phase II, the network cannot broadcast the cell-specific signalling/channels that are dedicated to phase I. Therefore, all UEs supporting the operation of phase I should support the operation of phase II. 
Proposal 1: For a UE supporting 3MHz channel BW, it is mandatory to support 5MHz channel BW.
As discussed in our companion paper [3], the transmission of PBCH and CORESET#0 for 3MHz channel BW are different from the legacy, therefore, they should be clearly reflected in the basic UE capability for 3MHz channel BW.
Proposal 2: For 3MHz channel BW, 
·  support 12-PRB PBCH and 12-PRB CORESET#0 at band n100
· support 15-PRB PBCH and 15-PRB CORESET#0 at bands other than n100




Discussion
As summarized below, companies provide their view on FGs for NR support for dedicated spectrum less than 5MHz for FR1, while most of the features have not been agreed yet, and it seems difficult to discuss UE feature based on current situation. For now, let’s try to agree on the stable part only and comeback once further progress is made in AI 9.13.1
· 51-x: Support for 3 MHz channel bandwidth
· Tx BW (not agreed yet)
· 20 PRBs for 5MHz CBW: QC
· 12 or 15 PRBs for 3MHz CBW: QC
· PBCH
· PBCH based on RB-level puncturing: ZTE, Samsung
· 12 or 15 PRBs for 3MHz CBW (not agreed yet): FW, vivo, Nokia/NSB, HW/HiSi
· 12 PRBs for 3MHz CBW: QC, DCM
· 20 PRBs for 5MHz CBW: FW, vivo, QC
· CORESET#0
· Less than 24 PRBs: FW
· 12 or 15 PRBs for 3MHz CBW (not agreed yet): Nokia/NSB
· FFS: Samsung, Nokia/NSB (for 5MHz CBW)
· Enabling/Disabling of PUCCH Frequency hopping (not agreed yet)
· Support: FW, QC, Nokia/NSB
· FFS: vivo
· Other components
· Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS: vivo, ZTE, QC
· Other FGs
· additional bandwidth of TRS/CSI-RS for RRM (not agreed yet)
· 12, 16, 20 PRBs: vivo, ZTE
· Same as Tx BW (as a component): QC

Proposal 2-1:
· Introduce following FG
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of [12 or 15] RB PBCH based on RB-level puncturing.
[2) Reception of 12 or 15 RB CORESET]
[3) Disabling of PUCCH Frequency hopping]
4) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signalling




	Company
	Comment

	Qualcomm
	The WI is clearly limited to the FDD, FR1 bands. A note can be added to clarify ‘for FDD FR1 band only’. Also, we prefer [per Band or per FSPC] for now, considering forward compatibility if CA is supported in future. 
Considering the different use cases and UE requirements in n100 and other bands, we think separate FGs for different tx BW in 3MHz ChBW should be defined: 
· FG 51-x1 to support for 3 MHz channel bandwidth for tx BW of 15RBs
· FG 51-x2 to support for 3 MHz channel bandwidth for tx BW of 12RBs

	
	The UEs used in other band (e.g., smart meters) may support FG51-x1 only; and railway UEs in n100 may support FG51-x1 and/or FG51-x2.

	vivo
	The FG51-x only list the FGs related to the 3MHz channel BW. So, is there as separate FG for 5MHz channel bandwidth? 
About FG 51-x for 3MHz channel BW, we think no issue to support FH for common PUCCH. 
Share QC’s views that this FG is only supported for FDD and restricted to 15KHz.  

	DOCOMO
	We are fine with the proposal for 3MHz CBW based on the agreements made so far. We can separate/add other FGs based on further agreement, if necessary.
Also fine to clarify that this FG is for FR1 FDD with 15kHz SCS only.

	Spreadtrum 
	Same question as vivo, is there a separate FG for 5MHz? For the discussion part (the front of the proposal 2-1 ), the main bullet is” 51-x: Support for 3 MHz channel bandwidth”, but there are some sub-bullets related to 5MHz channel bandwidth, e.g., 20 PRBs for 5MHz CBW. Do we need another main bullet, like:” 51-x2: Support for 5 MHz channel bandwidth”?
Also fine with QC’s clarification on FR1 FDD.

	FUTUREWEI
	Is there a separate FG for 5MHz channel BW
· For the box “Need of FR1/FR2 differentiation”, the feature group is applicable to FR1.
· As for “Need of FDD/TDD differentiation”, while it is true that the bands listed in the WID are FDD, there is no mention of FDD/TDD limitations in the WID. We do not need to restrict the FG to FDD at this time.
One question to be resolved in this meeting: whether a 15 PRB PBCH transmission BW will be used for the 15 PRB CORESET

	Nokia, NSB
	OK in principle with the proposal.
Agree that the FG can be limited to FDD 15 kHz
The need for a separate 5 MHz Channel BW FG depends on the further progress of the WI, at this stage it is still FFS.

	Ericsson
	1) Ok as a place holder.
2) “#0” should appended to the word CORESET as to say “CORESET#0”, and we think that some text in red is missing saying for example “based on [RB-level/REG-level] puncturing”.
3) It should say [Enabling/Disabling].
4) Why is the text writing with red font? It corresponds to an agreement.

Other comments, in the column “Need of FDD/TDD differentiation” it can be written “FDD only”.

	ZTE
	· Agree with other companies that the FG should be limited to FDD bands in FR1. 
· Subject to further discussion, we need no need a FG for 5MHz channel BW. 
· Suggest to make ‘RB-level puncturing’ as yellow as RAN1 has not agreed to use puncturing yet.
· For one certain band, it may only support either 12 or 15 PRBs for PBCH/CORESET#0 subject to further discussion in AI 9.13.1. Current wording could be confusing while we are ok to further update after more progress in AI 9.13.1. 

	Moderator
	Regarding 5 MHz CBW, there seem no agreements to introduce UE feature for this case. It can be added based on future agreement, if any.

The proposals is updated based on the comments.

Proposal 2-1-a:
· Introduce following FG
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of [12 or 15] RB PBCH based on [RB-level puncturing]
[2) Reception of 12 or 15 RB CORESET#0]
[3) Enabiling/Disabling of PUCCH Frequency hopping]
4) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	N/A FDD only
	N/A FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling




	Moderator
	Following was agreed in this meeting

Agreement
· Introduce following FG
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling







3. Conclusions
Following agreement was made in this meeting.

Agreement
· Introduce following FG
	51. NR_FR1_lessthan_5MHz_BW
	51-x
	Support for 3 MHz channel bandwidth
	1) Reception of 12 RB PBCH based on [RB-level puncturing] [at least] for band n100
FFS 15 PRBs
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth
	[Per Band]
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only
	Optional with capability signalling
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