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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In the updated WID[1], the objectives of dedicated spectrum are as follows.
	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.


In last RAN#99 meeting [2], the following LS was made:
	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 paper, UE features for dedicated spectrum less than 5MHz are discussed.

UE feature 
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 some cell-specific signalling/channel are different, e.g. different bandwidth of CORESET#0. As a result, in phase II, the network cannot broadcast the cell-specific signalling/channels that are dedicated to phase I. If the UEs that have been served in phase I network don’t support the cell-specific signalling/channel of phase II, then the UEs become out of service in a phase II network and make the network upgrade from phase I to phase II infeasible. 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.
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. For transmission bandwidth, the following agreements were made in last RAN1 meeting [3].
	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



Proposal 2: For FG 51-x, add the following for 3MHz channel bandwidth in all bands, 
· 12-PRB PBCH based on RB-level puncturing is supported.
· Both 12 RB CORESET#0 without puncturing and 15 RB CORESET#0 with puncturing from 24 RB CORESET#0 are supported.

According to the following agreements in RAN4#107 meeting [4], there are some new synchronization rasters defined for 3MHz channel bandwidth.
	Issue 1-1: The value of A in N * 600kHz + M * 50 kHz + A kHz, N ϵ {1:2499}, M ϵ {1,3,5}
· Proposals
· Option 1: 300
· Option 2: 345
· Agreement
· Agree on 300.
Issue 1-3: Finer synchronization raster design for 3 MHz channel bandwidth
· Proposals
· Option 1: Use N * 600 kHz + M * 50 kHz + A kHz, N ϵ {1:4998}, M ϵ {1,3,5} for 12 PRBs PBCH transmission bandwidth, use N * 100 kHz + B kHz, N ϵ {9206:1:9232} for 15 PRBs PBCH transmission bandwidth
· Option 2: Use N * 600 kHz + M * 50 kHz + A kHz
· Agreement
· Do not consider Option 1
Issue 1-4: Additional synchronization raster for 12 PRBs PBCH transmission bandwidth in band n100
· Proposals
· Option 1: 920.6225 MHz
· Option 2: 920.73 MHz
· Agreement
· Agree on Option 2.


Allowing legacy UEs to access dedicated NWs is detrimental to both dedicated NWs and legacy UEs.  For the dedicated NW, it may will result in wasting PRACH resources. For legacy UE, dedicated NW does not seem to meet some requirements such as coverage, so accessing the dedicated NW is useless for legacy UE but increases power consumption. There is a way to differentiate legacy NW and dedicated NW by the new synchronization rasters and legacy synchronization rasters. Therefore, it would be better that these new special synchronization rasters are captured for 3MHz channel bandwidth.
Proposal 3: For FG 51-x, add the following
· Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
· Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100.
This work item is all about defining a dedicated network, so the ‘type’ definition from UE features can be based on the granularity of Per band.
[bookmark: _Hlk142582419]Proposal 4: For FG 51-x, the capability granularity is per band.
Proposal 5: Adopt the following changes in red to FG 51-x for dedicated spectrum less than 5MHz.
	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
for all bands
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 12 RB CORESET#0 without puncturing and 15 RB CORESET#0 with puncturing from 24 RB CORESET#0.
4) Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
                                    Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100
	
	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



Conclusion
According to the above analysis, we have the following proposals:
Proposal 1: For a UE supporting 3MHz channel BW, it is mandatory to support 5MHz channel BW.
Proposal 2: For FG 51-x, add the following for 3MHz channel bandwidth in all bands, 
· 12-PRB PBCH based on RB-level puncturing is supported.
· Both 12 RB CORESET#0 without puncturing and 15 RB CORESET#0 with puncturing from 24 RB CORESET#0 are supported.
Proposal 3: For FG 51-x, add the following
· Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
· Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100.
Proposal 4: For FG 51-x, the capability granularity is per band.
Proposal 5: Adopt the following changes in red to FG 51-x for dedicated spectrum less than 5MHz.
	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
for all bands
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 12 RB CORESET#0 without puncturing and 15 RB CORESET#0 with puncturing from 24 RB CORESET#0.
4) Synchronization raster can be determined by 600kHz*N+50kHz*M+300kHz, where N ϵ {1:2499} and M ϵ {1,3,5}.
                                    Additional synchronization raster 920.73 MHz for 12 PRBs PBCH transmission bandwidth in band n100
	
	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



Reference
[1] [bookmark: _Ref134613360]RP-230186, Revised WID NR support for dedicated spectrum less than 5MHz for FR1, RAN#99
[2] [bookmark: _Ref134613372]RP-230780, Reply LS to R1-2302186 = RP-230033 on transmission bandwidths for NR on dedicated spectrum less than 5MHz, RAN#99
[3] [bookmark: _Ref134696997][bookmark: _Ref134825440]Draft Report of 3GPP TSG RAN WG1 #113 v0.1.0 (Incheon, South Korea, 22nd – 26th May 2023), RAN1#113
[4] [bookmark: _Ref142588842]DRAFT Meeting Report for TSG RAN WG4 meeting: 107 (Incheon, Korea, 22/05/2023 to 26/05/2023), RAN4#107
image1.png




