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1. Introduction 
Rel-18 work on NR support for dedicated spectrum less than 5MHz for FR1 has the following objectives for dedicated FDD spectrum in FR1 [1]:
· 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, n8, n26 and n28:
· 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, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.

In this document, we focus on the RAN1 aspects and discuss the potential enhancement for the dedicated spectrum less than 5MHz. 
2. Discussion 
2.1 	General framework of NR dedicated spectrum less than 5MHz
As clarified in WID, there are two cases to be 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, n8, n26 and n28.

	For Case 1, the bands at (E)R-GSM 900MHz FDD bands, as shown in Figure 1, are dedicated for railway. These bands would have to support NR and simultaneously legacy GSM-R (to enable transition). In Europe, (E)R-GSM bands are re-farmed for FRMCS to share 5.6MHz x 2 by NR-R and GSM-R. NR-R is deployed with collocated towers for GSM-R without guard bands, the UE performance is not affected by unwanted emission outside the 3.6MHz but within the 5MHz (as long as the relative transmit power between the two channels is not too high). In this case, the nominal channel bandwidth and BWP=5MHz can be reused and RAN1’s task is to limit the resource allocation / apply puncturing for “soft refarming”. If there is the bandwidth of 3.6MHz in the dedicated spectrum for FRMCS, the SSB of 20RBs can be reused without any puncturing. The subset of “Bandwidth allocations” can be further studied based on input from owners of spectrum. Considering digital filtering may still be needed before FFT-processing, the options for NR bandwidth allocation need to be down-selected and determined based on the requirement of spectrum holders as well as the RAN4 inputs on the minimum frequency separation from NR allocation to the closest GSM-R carrier.
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Figure 1 FDD band for Case 1

In Case 2, the use case includes the respective dedicated spectrum for public safety and smart grid. As illustrated in Figure 2, some network operators have narrowband allocation of 3MHz of spectrum (e.g. smart grid private network operators in the US with a dedicate nationwide allocation of 900MHz FDD band with 3MHz x 2). In this case, a new channel bandwidth of 3MHz needs to be specified for NR. The detailed SSB pattern needs to consider the guard band per side as well as PSS/SSS location considering the impact of the sync raster, which will be dependent on RAN4 discussion. From RAN1 perspective, at least for now, we can assume SSB patterns with 15RBs or 16RBs to assess the impact on the PBCH link budget due to puncturing of 5RBs or 4RBs, where PSS/SSS is reused and fully confined within the restricted bandwidth. Note that the bandwidth of 15PRBs with SCS=15kHz is already supported in LTE. Whether to maximize the bandwidth up to 16PRBs within 3MHz needs RAN4 evaluation on the guard band requirement. 
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Figure 2 FDD band for Case 2

After RAN4 progresses their work on channel bandwidth for channel BW of 3MHz, RAN1 can further discuss whether optional implicit or explicit signaling of early indication for puncturing / channel bandwidth is needed or not.

Proposal 1: RAN1 to support the following 2 Cases
· Case 1: channel bandwidth and nominal BWP=5MHz, which reuses SSB of 20RBs without puncturing.
· Case 2 with BWP=3MHz, which reuses PSS/SSS and puncture 4 or 5RBs of PBCH to have bandwidth of 15RBs or 16RBs.
· FFS: SSB pattern with PBCH puncturing
· FFS: optional implicit/explicit signalling of early indication for puncturing / channel bandwidth

2.2  Enhancement for NR dedicated spectrum less than 5MHz
2.2.1 	SSB
As discussed in Sect. 2.1, PBCH puncturing is needed for Case 2 to restrict the transmission within 3MHz. Figure 3 illustrates the SSB patterns with 15PRBs or 16PRBs, where PSS/SSS is reused without puncturing and edge RBs of the PBCH is punctured. Note that the number of punctured PRBs depends on the RAN4 agreement on channel bandwidth. RAN1 can decide the location of punctured PRB taking into account the RAN4 sync raster design. 
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(a) 15RBs												(b) 16RBs

Figure 3 PBCH puncturing

	We evaluated the link level performance degradation due to puncturing of PBCH . Ideal synchronization is assumed based on legacy PSS/SSS. More detailed simulation assumption is given in Appendix. In order to compensate the loss due to punctured RBs, we consider the power boosting to increase the EPRE of the remaining PBCH RBs by 1.25dB for 5RB punctured and 0.97dB for 4RB punctured, respectively (such that the same total power is used for the whole PBCH in both cases). 
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(a) AWGN channel											(b) TDL-C channel
Figure 4 PBCH performance

	Table 1 summarizes the PBCH performance for AWGN and TDL-C channels. The PBCH puncturing results in power loss and coding gain loss of around 2~3dB. With the power boosting, the loss can be minimized to less than 0.5dB loss in AGWN channel and around 1dB loss in TDL-C channel.  


Table 1 Required SINR for PBCH detection
(a) AWGN channel
	
	Required SINR at BLER=1%
	Power boosting

	PBCH of 20RBs (baseline)
	-10.5dB
	0

	PBCH of 16RBs
	-9.2dB (+1.3dB)
	0

	PBCH of 15RBs
	-8.7dB (+1.8dB)
	0

	PBCH of 16RBs
	-10.1dB (+0.4dB)
	+0.97dB

	PBCH of 15RBs
	-10.0dB (+0.5dB)
	+1.25dB


(b) TDL-C channel
	
	Required SINR at BLER=1%
	Power boosting

	PBCH of 20RBs (baseline)
	-3.3dB
	0

	PBCH of 16RBs
	-1.6dB (+1.7dB)
	0

	PBCH of 15RBs
	-1.1dB (+2.2dB)
	0

	PBCH of 16RBs
	-2.5dB (+0.8dB)
	+0.97dB

	PBCH of 15RBs
	-2.3dB (+1.0dB)
	+1.25dB




Observation 1: For BW of 3MHz, PBCH puncturing may result in 1~2dB loss, but the power boosting on the remaining RBs can minimize the loss to 0.5~1.0dB.

Proposal 2: For BW of 3MHz, RAN1 to further consider whether/how to reduce the performance loss due to PBCH puncturing. 


2.2.2 	CORESET0
Legacy CORESET0 requires 24RBs with bandwidth of 4.32MHz. Therefore, for both Case 1 and Case 2, the bandwidth for CORESET0 needs to be restricted. To minimize the specification impact, we propose to reuse the CCE mapping. The legacy CORESET0 can support Aggregation level (AL) of 1,2,4,8, with the candidates being identified based on the CCE hashing function. 
Figure 5 and Figure 6 show the punctured CORESET0 for Case 1 and Case 2 respectively (3.6 and 3MHz), assuming RB offset relative to SSB is 0 to maximize the available CCEs and AL for PDCCH in punctured CORESET0. In the 3MHz case (Figure 5), there are 20RBs remaining and AL=4 cannot be used for 1-symbol PDCCH. In the 3.6MHz case (Figure 6), there are 15RBs and not only AL=4 for 1-symbol PDCCH but also AL=8 cannot be used for 3-symbol PDCCH. If RB offset=2 or 4RBs, AL is more restricted, e.g., AL=8 cannot be used for Case 1 with 20RBs. 
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Figure 5 Punctured CORESET0 within BW=3.6MHz
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Figure 6 Punctured CORESET0 within BW=3MHz


	To see the performance impact on Case 2 with 15RBs, we compared PDCCH with AL=1,2,4,8 based on link-level simulation in Figure 7. We assume 3-symbol PDCCH is transmitted on 900MHz with 4 transmit antennas at gNB side and 2 receive antennas at UE side. Ideal synchronization is assumed based on legacy PSS/SSS. In order to compensate the loss due to punctured RBs, we consider the power boosting to increase the EPRE of the remaining 15RBs for PDCCH by 2dB if 9RBs are punctured in case of BW of 3MHz. 
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(a) AWGN channel											(b) TDL-C channel
Figure 7 3-symbol PDCCH performance

	Table 2 summarizes the PDCCH performance for AWGN and TDL-C channels. The PDCCH puncturing results in limited CCEs available. In case of 3-symbol PDCCH, up to AL=4 can be used for 15RBs within the BW of 3MHz, which means 0.5dB or 3.3dB loss compared with AL=8 in AGWN and TDL-C. With the power boosting of 2dB, the loss can be minimized to no loss in AGWN channel and around xxdB loss in TDL-C channel.  

Table 2 Required SINR for 3-symbol PDCCH detection
(a) AWGN channel
	[bookmark: _Hlk118227812]AL
	Required SINR at 1% BLER
	Power boosting

	AL=8 (baseline)
	-8.2dB
	0

	AL=4
	-6.7dB (+0.5dB)
	0

	AL=4
	-8.85 dB (-0.65dB)
	+2dB


(b) TDL-C channel
	AL
	Required SINR at 1% BLER
	Power boosting

	AL=8 (baseline)
	-5.4dB
	0

	AL=4
	-2.1dB (+3.3dB)
	0

	AL=4
	-4.2 dB (+1.2dB)
	+2dB




Observation 2: For BW of 3MHz, the use of smaller aggregation levels due to limited bandwidth may result in 0.5~3.3dB loss but the power boosting on the remaining RBs can minimize the loss to 0~1.2dB.

Proposal 3: For BW of 3MHz, RAN1 to further consider whether/how to reduce the performance loss due to PDCCH puncturing within the bandwidth. 

2.2.3 	CSI-RS/TRS
As indicated in the WID, RAN1 needs to identify and specify necessary minimum changes to PBCH, PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
Legacy CSI-RS is configured with 4n RBs, The UE shall expect that . For Case 1 with nominal BWP=5MHz, the number of RBs for CSI-RS is 24RBs, which will be out of the BW less than 5MHz, e.g., 3.6MHz. In Rel-16, flexible TRS BW can be configured as 5~10MHz if BWP=10MHz based on UE capability [2]. Similar concept can be extended to define flexible TRS with size of 20RBs within BWP=5MHz based on UE capability. 
For Case 2 with newly defined BWP=3MHz, the number of RBs for CSI-RS is , dependent on RAN4 decision on the channel bandwidth.

Proposal 4: RAN1 to support
· For Case 1 with nominal BWP=5MHz, introduce UE capability of supporting flexible CSI-RS/TRS with 3MHz<BW<5MHz.
· FFS: Set of bandwidth values for CSI-RS/TRS
· For Case 2 with BWP=3MHz, CSI-RS/TRS has 12RBs or 16RBs based on the BW size determined by RAN4.

2.2.4 	PUCCH
In NR, the PUCCH with dedicated PUCCH-Config can be configured within startingPRB and secondHopPRB after frequency hopping within the UL BWP. However, the PUCCH resources before dedicated PUCCH-Config is based on cell-specific pucch-ResourceCommon, which is defined in Table 9.2.1-1 of TS38.213. 
For the PUCCH transmission for msg4, the PRB index in the first hop is [image: ] and the PRB index in the second hop is[image: ]. For Case 2 with BWP=3MHz, there is no issue to reuse the legacy frequency hopping of PUCCH (assuming a BWP of 3MHz is used). However, for Case 1 with nominal UL BWP=5MHz, the PUCCH transmission with frequency hopping may be out of the restricted BW. 
Considering we do not expect a significant gain of frequency hopping in BW less than 5MHz, PUCCH frequency hopping for msg4 can be disabled for sake of simplicity. 

Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}




Proposal 5: RAN1 to support disabling PUCCH frequency hopping for msg4 at least for Case 1 with nominal BWP=5MHz.

2.2.5 	PRACH
	In legacy random access, the UE transmits PRACH in the initial UL BWP with minimum BW of 5MHz. PRACH preamble formats have different BW: 
· Short PRACH has 2.16MHz bandwidth
· Long PRACH with format 0/1/2 uses 1.08MHz bandwidth.
· Long PRACH with format 3 uses 4.32MHz bandwidth.

PRACH format 3 cannot be supported in both Case 1 and Case 2. PRACH configurations enabling the of multiple PRACH preambles cannot be applied within the limited BW.

Proposal 6: RAN1 to support disabling PRACH format 3 and FDM in msg1 for dedicated spectrum with less than 5MHz.


3. Conclusion
Based on the discussion, we have following proposals:

Proposal 1: RAN1 to support the following 2 Cases
· Case 1: channel bandwidth and nominal BWP=5MHz, which reuses SSB of 20RBs without puncturing.
· Case 2 with BWP=3MHz, which reuses PSS/SSS and puncture 4 or 5RBs of PBCH to have bandwidth of 15RBs or 16RBs.
· FFS: SSB pattern with PBCH puncturing
· FFS: optional implicit/explicit signalling of early indication for puncturing / channel bandwidth


Observation 1: For BW of 3MHz, PBCH puncturing may result in 1~2dB loss, but the power boosting on the remaining RBs can minimize the loss to 0.5~1.0dB.

Proposal 2: For BW of 3MHz, RAN1 to further consider whether/how to reduce the performance loss due to PBCH puncturing. 


Observation 2: For BW of 3MHz, the use of smaller aggregation levels due to limited bandwidth may result in 0.5~3.3dB loss but the power boosting on the remaining RBs can minimize the loss to 0~1.2dB.

Proposal 3: For BW of 3MHz, RAN1 to further consider whether/how to reduce the performance loss due to PDCCH puncturing within the bandwidth. 

Proposal 4: RAN1 to support
· For Case 1 with nominal BWP=5MHz, introduce UE capability of supporting flexible CSI-RS/TRS with 3MHz<BW<5MHz.
· FFS: Set of bandwidth values for CSI-RS/TRS
· For Case 2 with BWP=3MHz, CSI-RS/TRS has 12RBs or 16RBs based on the BW size determined by RAN4.

Proposal 5: RAN1 to support disabling PUCCH frequency hopping for msg4 at least for Case 1 with nominal BWP=5MHz.

Proposal 6: RAN1 to support disabling PRACH format 3 and FDM in msg1 for dedicated spectrum with less than 5MHz.
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Appendix: Simulation assumptions
	Parameters
	Values

	Carrier Frequency
	900 MHz

	Subcarrier spacing
	15 kHz

	Number of BS antennas
	4

	Number of UE antennas
	2

	Channel model
	AWGN, TDL-C (RMS DS of 100ns)

	UE speed
	3km/h
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