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Introduction
The work item on NR support for dedicated spectrum less than 5MHz for FR1 was approved at RAN#94-e, with the latest revision agreed at RAN#100 [1]. The WI relates to so called specialized networks, which are used to provide mission critical communications for industry verticals such as smart energy and infrastructure, public safety, and railway communications. 
This contribution deals with the following objectives of the WID: 
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.
In the following, we discuss the changes that are necessary to support the new 3 MHz channel bandwidth and other transmission bandwidths below 5 MHz. We consider the BWP bandwidths to be supported in Section 2, PDCCH and especially CORESET#0 in Section 3, and PUCCH and CSI-RS in Section 4. 
Supported BWP bandwidths
In RAN4#107, most of the open issues in the synchronization raster design for less than 5 MHz bandwidth were agreed in WF [2]. The design includes two additional synchronization raster points of 920.73 MHz and 921.45 MHz for 3 MHz and 5 MHz channel bandwidths, respectively, in band n100. These synchronization raster points were selected so that the 12-RB and 20-RB PBCH can be placed on the lower edge of the 3 MHz and 5 MHz channel bandwidth, respectively. The motivation is to facilitate 12-RB and 20-RB overall transmission bandwidths for FRMCS / GSM-R co-existence in the band n100.
The transmission bandwidth for most other NR channels and signals can be controlled with suitable configuration of the BWP bandwidth. However, it was clarified in [3] that “As per the RAN1 UE feature 6-1, all UEs are required to support “at least BWPs which is the same as the set of specified channel BW” without any capability indication.” With that, gNB could not assume 12-RB or 20-RB BWP support during the initial access even for the additional synchronization raster points. This would undermine the support for 12-RB and 20-RB transmission bandwidths. To avoid that, we propose that the UEs shall support 12-RB and 20-RB BWP bandwidths for the two additional synchronization raster points of 920.73 MHz and 921.45 MHz, respectively. 
[bookmark: _Hlk142399450]Proposal 1: UE shall support 12-RB and 20-RB BWP bandwidths for the additional synchronization raster points [920.73 MHz and 921.45 MHz] introduced for 12-RB and 20-RB PBCH transmission bandwidths, respectively, in band n100.  
[bookmark: _Ref118022185]PDCCH
There was considerable progress on PDCCH/CORESET#0 in RAN1 #113.
	Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.

Agreement
Confirm following RAN1#112 working assumption

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 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6



In the following, we focus on the remaining open items for CORESET#0.

Offset (RB): In the legacy operation Offset (RB) defines the frequency domain offset between the first RB in which the SSB is located and the first RB of CORESET#0. This may not be the best definitition for the Offset (RB) parameter in the 3MHz CBW scenario where both PBCH and Type0-PDCCH are punctured: when puncturing is applied, it makes sense to puncture PDCCH only from one end of the CORESET#0. This approach will minimize the number of partial CCEs induced by puncturing. 
FL proposal 3.2.1-2 includes three options for the PRB offset.
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When considering the agreed 3MHz scenario (with 12 RBs PBCH), Opt. 1 and Opt. 2 are functionally the same. And when considering 5MHz CBW scenario, as there is no puncturing applied to SSB, Opt. 2 and Opt. 3 are functionally the same. Based on this, we make the following proposal: 
[bookmark: _Hlk142399463]Proposal 2: Define Offset (RB) in the following way:
· 3MHz CBW: Offset (RB) is relative to the first PRB of the PRBs for PSS/SSS transmission
· 5MHz CBW: Offset (RB) follows the legacy operation, i.e. relative to the first PRB of the PRBs of the SSB

Figure 1 shows our proposal for CORESET#0 table for 3MHz CBW. 
· For the scenario with CORESET#0 = 12 RBs
· As the 12 RB CORESET is only needed for the lowest sync raster point with 12 RB Tx bandwidth, the 12 RB SSB and CORESET need to be RB aligned to fit within the 12 PRB Tx bandwidth, i.e. it is enough to support only one value for OffsetRB (OffsetRB=0)
· As agreed in RAN1 #113, “In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used”
· For the scenario with CORESET#0 = 15 RBs
· It makes sense to support three OffsetRB values, namely 0, 1 and 2. This will allow for flexible  placement of the RB grid for different channel raster points.  
· OffsetRB value 3 would require puncturing from the lower RBs of CORESET, as the SSB can not overlap with the 12 highest RBs of the RB grid with the agreed synchronization raster for 3 MHz CBW.
· It makes sense to support both Interleaved and non-interleaved mapping (according to RAN1 #113 agreement). This can be applied to each OffsetRB value
· 15 lowest RBs of the CORESET#0 correspond to the PRBs remaining after puncturing (i.e. the upper 9 PRBs of the 24 PRB CORESET#0 are punctured).  

[bookmark: _Hlk142399473]Proposal 3. Adopt the table shown in Figure 1 for PDCCH CORESET#0 configuration with 3 MHz CBW.
· The new table is used when detecting SSB from the new synch raster points for 3 MHz CBW
· For Indexes 2-13, the 15 lowest RBs of the CORESET#0 correspond to the PRBs remaining after puncturing
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Figure 1. Proposed table for 3MHz CBW.  

For the 5MHz scenario, we propose to use the existing CORESET#0 Table 13-1, entries 0-5
· Punctured CORESET#0 is assumed when the detected synch raster point relates to n100, 5MHz CBW, and one predefined synch raster point (=921.45 MHz) with only 20 PRB transmission bandwidth. 
· In this scenario, the valid CORESET#0 indexes are [0, 3] (the remaining indexes having an RB Offset >0 are invalid) to prevent CORESET #0 puncturing from both sides as discussed for the 3MHz case above).
· 20 lowest RBs of the CORESET#0 correspond to the PRBs after puncturing (i.e. the upper 4 PRBs of the 24 PRB CORESET#0 are punctured).  
· CORESET#0 is operated without puncturing with the remaining synch raster points for 5MHz CBW

[bookmark: _Hlk142399585]Proposal 4. For the 5MHz channel BW operation (and the associated sync raster points) the legacy CORESET#0 Table 13-1 in 38.213 is applied. 

Proposal 5. Punctured CORESET#0 is assumed when the detected synch raster point relates to n100, 5MHz CBW, and one predefined synch raster point (=921.45 MHz) supporting only 20 PRB TX bandwidth. 
· In this scenario, the only valid CORESET#0 indexes are [0, 3] (the remaining indexes are invalid)
· 20 lowest RBs of the CORESET#0 correspond to the remaining PRBs after puncturing. 
 
Proposal 6. CORESET#0 is operated according to legacy for sync raster points other than one predefined sync raster point (=921.45 MHz) for 5MHz CBW in band n100.
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On top of RB level puncturing (down to 20 RBs for the predefined sync raster point), we think that there is no need to optimize PDCCH transmission for 5MHz CBW scenario. This would mean that 
· Interleaved mapping is always used (with legacy interleaver size of R=2) for 5MHz CBW scenario
· REG bundle size = 6 for 5MHz CBW scenario
[bookmark: _Hlk142399610]
Proposal 7. No optimization is made for PDCCH transmission for 5MHz CBW scenario

Initial DL BWP:
In the legacy operation, initial DL BWP is determined by PRBs of CORESET#0. We think it makes sense to use the same approach also in the scenarios where CORESET#0 is punctured. This would mean that initial DL BWP is determined by the number of PRBs of a CORESET#0 remaining after puncturing.
[bookmark: _Hlk142399623]Proposal 8. Initial DL BWP is determined by the number of PRBs of a CORESET#0 remaining after puncturing

[bookmark: _Ref118022194]Other channels
PUCCH
Regarding the PUCCH, the following conclusion was reached in RAN1#111 [6]:
	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.


Frequency hopping can be freely configured on UE’s dedicated PUCCH resource configuration. Before UE receives dedicated PUCCH resource configuration, e.g. during the initial access to the cell, UE uses PUCCH resources from a PUCCH resource set determined in Table 9.2.1-1, TS38.213. Frequency hopping is currently used on these resources, without possibility to disable it. 
Before transmitting HARQ-ACK on these resources, UE has received SIB1. From the system information the UE determines the initial UL BWP configuration used in the cell. The PUCCH resource frequency domain allocation is determined relative to the BWP edges of initial UL BWP.
In RAN1#111, there were concerns raised that all UEs do not support arbitrary BWP sizes other than nominal channel BWs, in which case UEs’ access to a cell with other than 3 MHz or 5 MHz initial BWP could have problems. In Section 2, we propose support for specific BWP sizes bound to the particular synchronization raster points. On the other hand, FRMCS may have access to other bandwidths than those. One simple solution for such situations is to support PUCCH FH disabling in system information also for cell-specific PUCCH resources in Table 9.2.1-1, TS38.213. For example, PUCCH resource determination for the first frequency hop could be used for the whole PUCCH, in which case the specification effort would be acceptable. The approach is not optimal, as disabling PUCCH frequency hopping can cause considerable sensitivity loss even on 3 MHz channel BW [4]. However, we see it as reasonable to introduce this configuration option to support various UE implementations, especially as PUCCH without frequency hopping is already supported on UE specific resources.    
[bookmark: _Hlk127532196]Proposal 9: Possibility to disable by network configuration FH on PUCCHs that are used before UE specific PUCCH configuration is supported. 

CSI-RS
Regarding CSI-RS for transmission bandwidths of <5MHz for 3 MHz channel bandwidth it was concluded in RAN1#112 that, for CSI-RS other than for RRM measurements, no enhancements are needed [5]: 
	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


Different to other CSI-RS types, the CSI-RS for RRM is having a configurable bandwidth with minimum bandwidth being 24 PRBs and without relation to the certain BWP size [3GPP TS 38.331, 3GPP TS 38.214, section 5.1.6.1.3]:
	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
}


[bookmark: _Hlk142399699][bookmark: _Hlk127532212]Observation 1: CSI-RS for RRM is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size. 
On the other hand, mobility/RRM measurements can be, and typically are, performed based on the SSBs (SS-RSRP measurements) [3GPP TS 38.133, section 10.1] without explicitly configured CSI-RS for RRM.
Observation 2: Mobility/RRM measurements can be, and typically are, performed based on the SSBs (SS-RSRP measurements) without explicitly configured CSI-RS for RRM.
Thus, we consider that there is no need to enhance CSI-RS for RRM either for 3 MHz channel bandwidth. 
Proposal 10: Mobility/RRM measurements based on CSI-RS are not supported for below 5 MHz NR bandwidths.
Observation 3: No changes are required to CSI-RS for RRM to support below 5 MHz NR bandwidths.
Conclusion 
In this contribution we have discussed the required changes to support NR operation with below 5 MHz bandwidth. Based on the discussion we make the following observations and proposals: 
Supported BWP bandwidths
Proposal 1: UE shall support 12-RB and 20-RB BWP bandwidths for the additional synchronization raster points [920.73 MHz and 921.45 MHz] introduced for 12-RB and 20-RB PBCH transmission bandwidths, respectively, in band n100.  
PDCCH
Proposal 2: Define Offset (RB) in the following way:
· 3MHz CBW: Offset (RB) is relative to the first PRB of the PRBs for PSS/SSS transmission
· 5MHz CBW: Offset (RB) follows the legacy operation, i.e. relative to the first PRB of the PRBs of the SSB
Proposal 3. Adopt the table shown in Figure 1 for PDCCH CORESET#0 configuration with 3 MHz CBW.
· The new table is used when detecting SSB from the new synch raster points for 3 MHz CBW
· For Indexes 2-13, the 15 lowest RBs of the CORESET#0 correspond to the PRBs remaining after puncturing
Proposal 4. For the 5MHz channel BW operation (and the associated sync raster points) the legacy CORESET#0 Table 13-1 in 38.213 is applied. 
Proposal 5. Punctured CORESET#0 is assumed when the detected synch raster point relates to n100, 5MHz CBW, and one predefined synch raster point (=921.45 MHz) supporting only 20 PRB TX bandwidth. 
· In this scenario, the only valid CORESET#0 indexes are [0, 3] (the remaining indexes are invalid)
· 20 lowest RBs of the CORESET#0 correspond to the remaining PRBs after puncturing. 
Proposal 6. CORESET#0 is operated according to legacy for sync raster points other than one predefined sync raster point (=921.45 MHz) for 5MHz CBW in band n100.
Proposal 7. No optimization is made for PDCCH transmission for 5MHz CBW scenario
Proposal 8. Initial DL BWP is determined by the number of PRBs of a CORESET#0 remaining after puncturing
Other channels and signals
Proposal 9: Possibility to disable by network configuration FH on PUCCHs that are used before UE specific PUCCH configuration is supported. 
Observation 1: CSI-RS for RRM is having configurable bandwidth with minimum bandwidth being 24 PRBs and there is no relation to the BWP size. 
Observation 2: Mobility/RRM measurements can be, and typically are, performed based on the SSBs (SS-RSRP measurements) without explicitly configured CSI-RS for RRM.
Proposal 10: Mobility/RRM measurements based on CSI-RS are not supported for below 5 MHz NR bandwidths.
Observation 3: No changes are required to CSI-RS for RRM to support below 5 MHz NR bandwidths.
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Appendix: Previous RAN1 agreements and conclusions
RAN1#111
Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.
Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS
Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.
Note: include this agreement into the LS
Agreement 
Including following 2 questions into the LS
Question 1: RAN1’s understanding is that in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
Agreement
The Draft LS to RAN4 R1-2212898 is endorsed in principle with modified question as agreed above and all agreements and conclusions made in RAN1#111.
Agreement
Final LS to RAN4 R1-2212919 is endorsed.
[bookmark: _Hlk119584988]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.
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.
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.
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.
Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 

Agreement
Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting
· Opt.2: Multiple PBCH receptions 
· Opt.3: PBCH remapping
· Opt.4: PBCH payload reduction
· Opt.5: PBCH rate matching around the punctured PRBs
· Opt.6: no enhancement specified

RAN1#112
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
Final LS R1-2302186 is endorsed.
RAN1#113
Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.
Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6

Agreement
Confirm following RAN1#112 working assumption
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
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Proposal 3.2.1-2: For transmission bandwidths <5 MHz for 3MHz and SMHz channel bandywidth, for
configuring CORESET#0 location, select from

* Opt.1: The PRB offset is relative to the first PRB of the PRBs for PSS/SSS transmission
*  Opt.2: The PRB offset is relative to the first PRB of the punctured SSB.
©  Opt.3: The PRB offset is relative to the first PRB of the non-punctured SSB
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