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Introduction
In RAN1#112 meeting[1], the following agreements have been made for dedicated spectrum less than 5 MHz for FR1. 
	[bookmark: _Hlk134262309]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 

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
Draft LS R1-2302157 is endorsed in principle.
Agreement
Final LS R1-2302186 is endorsed.



In RAN#99, a new WID [2] on NR support for dedicated spectrum less than 5 MHz for FR1 and a response for RAN#1 LS[3] have been made as following:
	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]:
· 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, 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.
LS reply
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.


In this contribution, necessary specification changes to NR physical signals/channels are discussed. 

On dedicated FDD spectrum less than 5 MHz in FR1
The impact on current physical channels/reference signals are discussed in this section and necessary solutions are provided. As approved in the new WID[2], the objectives focus on FDD bands and restrict to subcarrier spacing of 15 kHz and the use of normal cyclic prefix.
SSB
As agreed in previous meeting [4], the PSS and SSS are not punctured. For the possible transmission bandwidth of PBCH, there are three cases from the LS reply of RP as the following[3]:
	Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.
LS reply
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.


For the FFS, which PRBs are used and how to use the PRBs, it is related to the PBCH transmission bandwidth.
Three cases should be considered:
· Case1: 3MHz channel bandwidth in band n100
· Case2: 3MHz channel bandwidth in other bands (n106, n26, n28 and n56)
· Case3: 5MHz channel bandwidth for all bands (n100 and other bands)
[bookmark: _Hlk134825951]For case1, it is agreed in RAN plenary that in this case the PBCH transmission bandwidth is 12 PRBs. According to WID, PSS/SSS is reused without puncturing, so only middle 12 PRBs of legacy PBCH can be used. As shown in Figure 2-1, the fix PBCH pattern or middle 12 pattern can be determined with upper 4 PRBs and lower 4 PRBs punctured. 
[image: ]
Figure 2-1 [bookmark: _Ref134697760][bookmark: _Hlk134628411]fixed pattern: upper 4RB + lower 4RB puncturing
Proposal 1: For 3MHz channel bandwidth in band n100, the PBCH pattern is legacy NR 20-PRB PBCH with upper 4 PRBs and lower 4 PRBs punctured.
[bookmark: _Hlk134826014][bookmark: _Hlk134826053]For case2, there is no migration issue. To reduce PBCH performance loss, all available transmission bandwidth in 3MHz channel bandwidth should be used for PBCH transmission. So in this case the PBCH transmission bandwidth could be 15 PRBs. Similarly, PSS/SSS is reused without puncturing, there are 4 different patterns of PBCH with 5 PRBs puncturing. The patterns can be described as:
· pattern1: upper 4RB + lower 1RB puncturing, as shown in Figure 2-2.
[image: ]
Figure 2-2 [bookmark: _Ref134697741]pattern1: upper 4RB + lower 1RB puncturing
· pattern2: upper 3RB + lower 2RB puncturing, as shown in Figure 2-3.
[image: ]
Figure 2-3 [bookmark: _Ref134697725]pattern2: upper 3RB + lower 2RB puncturing
· pattern3: upper 2RB + lower 3RB puncturing, as shown in Figure 2-4.
[image: ]
Figure 2-4 [bookmark: _Ref134697709]pattern3: upper 2RB + lower 3RB puncturing
· pattern4: upper 1RB + lower 4RB puncturing, as shown in Figure 2-5.
[image: ]
Figure 2-5 [bookmark: _Ref134697676]pattern4: upper 1RB + lower 4RB puncturing
Proposal 2: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28 and n56), the PBCH transmission bandwidth is 15RBs.
Proposal 3: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28 and n56), the candidate PBCH pattern is subset or all of the followings.
· legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 3RB and lower 2RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 2RB and lower 3RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
In this case, which pattern can be chose depending on the sync raster density from RAN4. If the sync raster is dense enough, maybe only one pattern should be determined in specs. Otherwise, all 4 patterns should be supported for operators to perform flexible deployment.
Proposal 4: Send a LS to RAN4 to ask if it is feasible to support only subset of the four patterns and ensure flexible network deployment with 3MHz channel bandwidth in other bands (n106, n26, n28 and n56) with the sync raster being developed.
RAN#1 would like to ask RAN#4 if it is feasible to support only subset of the four patterns shown in Figure 2 to 5 and ensure flexible network deployment with 3MHz channel bandwidth in other bands (n106, n26, n28 and n56) with the sync raster being developed in RAN4.
For case3, the PBCH transmission bandwidth is 20 PRBs. The entire 20 RBs of legacy PBCH can be used without puncturing, so the entire 20 pattern or legacy pattern can be defined for this case.
CORESET#0
In last RAN#99 meeting, the CORESET#0 transmission bandwidth was asked from the response of the LS [3] as following. 
	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.


For case1, the CORESET#0 transmission bandwidth could be 12 PRBs. In band n100, NR dedicated spectrum may coexist with GSM-R, and the transmission bandwidth of NR dedicated NW may increase gradually as the transmission bandwidth of GSM-R decreases until the NR dedicated NW is the only network in band n100. In initial phase of NW deployment, no more than 12 PRBs can be used for transmission, so the CORESET#0 transmission bandwidth could not exceed the maximum number of PRBs. 
Proposal 5: For 3MHz channel bandwidth in band n100, the CORESET#0 bandwidth is 12 PRBs.
For case2, the CORESET#0 transmission bandwidth could be 15 PRBs. In these bands, the max channel utilization is 15 PRBs. In addition, there seems no migration issue in these bands, so the CORESET#0 transmission bandwidth could be aligned with PBCH transmission bandwidth for the same case.
In addition, before reception of RRCSetup/ RRCResume/ RRCReestablishment, the initial downlink BWP is determined by CORESET#0 in the frequency domain.  If the CORESET#0 size is larger than the system bandwidth, there will be some scheduling limitation before reception of RRCSetup/RRCResume/RRCReestablishment.
Proposal 6: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28, and n56), the CORESET#0 bandwidth is 15 PRBs.
For case3, the CORESET#0 transmission bandwidth could be 24 PRBs. For 5MHz channel bandwidth, the max channel utilization is 25 PRBs. As specified in TS 38.213, the legacy CORESET#0 is defined by Table 1. For the legacy CORESET#0, for SCS 15 kHz, the minimum bandwidth is 24 RBs. So the CORESET#0 could keep the same transmission bandwidth 24 PRBs as the legacy.
Table 1 [bookmark: _Ref134698983]CORESET#0 configuration
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



Proposal 7: For 5MHz channel bandwidth in band n100 and other bands (i.e. n106, n26, n28, and n56), only CORESET#0 bandwidth with 24 PRBs is supported.
In RAN#1 previous meeting, the following agreement was made as following[4]:
	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 specified in TS 38.211, CORESET#0 is configured by the ControlResourceSetZero IE:
[bookmark: _Hlk127354903]-	 and  are defined by clause 13 of [TS 38.213];
-	the UE may assume interleaved mapping 
-	;
-	;
-	
-	the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1;
-	the UE may assume the same precoding being used within a REG bundle.
Regarding the location of CORESET#0, the reference position is the first RB of corresponding SSB specified in TS38.213. For operation without shared spectrum channel access, a UE assumes that the offset in Table 1 is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. 
For case 2, if defining a new reference through punctured-SSB, which pattern should be chosen from the five possible patterns is an associated issue, so it’s better to keep the existing definition of the reference position for CORSET#0 location. 
Proposal 8: The CORESET0 offset is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest RB index of the common RB overlapping with the first RB of the corresponding un-punctured SS/PBCH block.
Based on the existing definition, the offset should be defined from the smallest RB index of CORESET#0 to the first RB of the un-punctured SSB. As for the values of offset, it is associated with PBCH puncturing pattern, and it equals to the puncturing RB numbers on the lower side. For example, as shown in Figure 2‑5, for 3MHz channel bandwidth in band n100, the value of offset is 4. Similarly, for 3MHz channel bandwidth in other bands, the value of offset could be 1, 2, 3, or 4.
[image: ]
[bookmark: _Ref127554198]Figure 2‑5 The offsets for 3MHz in band n100
According to the above analysis, the finer offsets between SSB and CORESET#0 should be introduces to support flexible spectrum location. So, we have the following proposal:
Proposal 9: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, the following option can be considered, 
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
· Finer offset values should be introduced in this table. 
· The additional offset values could be 1 or 3.
Initial DL BWP
As for initial DL BWP, the initial downlink BWP configuration for a PCell is determined by the BWP-DownlinkCommon field in DownlinkConfigSIB IE specified in TS38.331 as following.
DownlinkConfigCommonSIB ::=     SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL-SIB,
    initialDownlinkBWP              BWP-DownlinkCommon,
    bcch-Config                     BCCH-Config,
    pcch-Config                     PCCH-Config,
    ...,
    [[
    pei-Config-r17                  PEI-Config-r17                         OPTIONAL,     -- Need R
    initialDownlinkBWP-RedCap-r17   BWP-DownlinkCommon                     OPTIONAL      -- Need R
    ]]
}

The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment.
To our knowledge, there is no need to modify the existing configuration. Thus, we have the following proposal.
Proposal 10: For 3MHz channel bandwidth, the location and bandwidth keep CORESET#0 before reception of RRCSetup/RRCResume/RRCReestablishment.
CSI-RS for RRM
For CSI-RS for RRM measurement, there is a conclusion in last meeting[1].
	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 


In TS38.331, the IE CSI-RS-CellMobility is described as following:
CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}
For 3MHz channel bandwidth, the maximum CSI-RS bandwidth is not larger than 15RBs, which exceeds the existing minimum value 24. If the actual CSI-RS bandwidth is not larger than 15RBs by puncturing or configuring, it will cause measurement performance loss. So increasing time domain or frequency domain density is needed to compensate such loss. For example, frequency domain density more than 3 should be supported, or in time domain one CSI-RS resource can occupy more than 1 OFDM symbols, same CSI-RS  are transmitted on these symbols.
So, we have the following proposal:
Proposal 11:  For transmission bandwidth of <5MHz for 3MHz channel bandwidth, for CSI-RS for RRM measurement, PRBs number less than 24 RBs with increasing frequency domain or time domain density are supported.
Whether legacy UE is allowed
If legacy UE is allowed to access dedicated NW, it is harmful for both dedicated NW and legacy UE. For dedicated NW, maybe it will result in wasting PRACH resource. For legacy UE, dedicated NW seems not satisfy some requirements such as coverage, so the initial access procedure is useless for legacy UE but increase power consumption.
If PBCH puncturing without any other design, legacy UE can perform initial access procedure after receiving SSB and result in the above problem. So, there are two possible options to solve it:
Alt#1: define new sync raster for dedicated NW which is different from legacy sync raster.
Alt#2: reuse existing field as indication to prevent legacy UE accessing the dedicated NW.
For Alt#2, the existing field can be subCarrierSpacingCommon. In dedicated NW, restrict to subcarrier spacing of 15kHz as predefined. For the subCarrierSpacingCommon field, it can be configured as 30kHz to make legacy UE obtain a wrong frequency information about CORESET#0.
So, we have the following proposal:
Proposal 12:  Disabling legacy UE access for transmission bandwidths of <5 MHz can be supported, and the following options could be considered:
· option 1: introduce new sync rasters to differentiate legacy UE and dedicated UE, and the details are up to RAN4.
· option 2: reuse current field in MIB as indication to prevent legacy UE accessing the dedicated NW, such as subCarrierSpacingCommon.

Conclusions
Based on the analysis, we have the following observations and proposals:
Proposal 1: For 3MHz channel bandwidth in band n100, the PBCH pattern is legacy NR 20-PRB PBCH with upper 4 PRBs and lower 4 PRBs punctured.
Proposal 2: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28 and n56), the PBCH transmission bandwidth is 15RBs.
Proposal 3: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28 and n56), the candidate PBCH pattern is subset or all of the followings.
· legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 3RB and lower 2RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 2RB and lower 3RB puncturing punctured
· legacy NR 20-PRB PBCH with upper 4RB and lower 1RB puncturing punctured
Proposal 4: Send a LS to RAN4 to ask if it is feasible to support only subset of the four patterns and ensure flexible network deployment with 3MHz channel bandwidth in other bands (n106, n26, n28 and n56) with the sync raster being developed.
Proposal 5: For 3MHz channel bandwidth in band n100, the CORESET#0 bandwidth is 12 PRBs.
Proposal 6: For 3MHz channel bandwidth in other bands (i.e. n106, n26, n28, and n56), the CORESET#0 bandwidth is 15 PRBs.
Proposal 7: For 5MHz channel bandwidth in band n100 and other bands (i.e. n106, n26, n28, and n56), only CORESET#0 bandwidth with 24 PRBs is supported.
Proposal 8: The CORESET0 offset is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest RB index of the common RB overlapping with the first RB of the corresponding un-punctured SS/PBCH block.
Proposal 9: For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, the following option can be considered, 
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
· Finer offset values should be introduced in this table. 
· The additional offset values could be 1 or 3.
Proposal 10: For 3MHz channel bandwidth, the location and bandwidth keep CORESET#0 before reception of RRCSetup/RRCResume/RRCReestablishment.
Proposal 11:  For transmission bandwidth of <5MHz for 3MHz channel bandwidth, for CSI-RS for RRM measurement, PRBs number less than 24 RBs with increasing frequency domain or time domain density are supported.
Proposal 12:  Disabling legacy UE access for transmission bandwidths of <5 MHz can be supported, and the following options could be considered:
· option 1: introduce new sync rasters to differentiate legacy UE and dedicated UE, and the details are up to RAN4.
· option 2: reuse current field in MIB as indication to prevent legacy UE accessing the dedicated NW, such as subCarrierSpacingCommon.
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