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Introduction
In RAN95 meeting a WI about introducing channel bandwidths smaller than 5MHz to 5G NR was agreed [1]. The need was raised for applications that do not require high CBWs but they cannot be categorized as NB-IoT neither. The bands of interest of this WI are n100 and n28, which cover railway communications and Public Protection and Disaster Relief (PPDR), in Europe. Bands n8 and n28 are also of our concern, which are important for Critical Infrastructure Industry (CII) and Smart Energy and Infrastructure (SEI) in US.
Since the discussions on RAN1 and RAN4 are interconnected in this discussion, the both sets of objectives are given below, based on the WID:
	· 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.



On the other hand, an LS was received from RAN1 [2] with their questions about perspectives on different points. In this contribution we are going to address some of these questions and present our perspective on the WI. In the next section, our perspective on a number of RBs for 3 MHz CBW will be given. Moreover, we will present our proposals about 5G NR channel and synchronization rasters corresponding to the UEs supporting this WI. 

Discussion
Maximum transmission bandwidth configuration (NRB):
A CBW of 3MHz was adapted based on the work item, however for a SCS of 15 KHz two NRB values can be considered NRB=15 (guard band=142.5 KHz) and NRB= 16 (guard band=52.5 KHz). An important factor for low CBW configurations is to be able to reduce their important out of band emissions. In Table 1, one can observe that for the current specified CBWs (5 MHz to 50 MHz) the percentage of the guard band to the CBW becomes larger for smaller CBWs. Hence we propose to use NRB= 15, which has a larger guard band percentage than NRB= 16. On the other hand, it is the value that was used in LTE technology.  
Table 1 Maximum transmission bandwidth and guard band configurations
	CBW (MHz)
	3
	3
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50

	NRB
	15
	16
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270

	Max Transmission BW (MHz)
	2.7
	2.88
	4.5
	9.36
	14.22
	19.08
	23.94
	28.8
	33.84
	38.88
	43.56
	48.6

	Guard band (KHz)
	142.5
	52.5
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	572.5
	552.5
	712.5
	692.5

	GB %
	4.75
	1.75
	4.85
	3.13
	2.55
	2.26
	2.09
	1.98
	1.64
	1.38
	1.58
	1.39



Proposal 1: For SCS 15 KHz, set NRB =15 which provides larger guard band that results in lower out of band emissions. 
Channel and Synchronization Raster: 
The channel raster is used to determine the beginning of the channel position and SS blocks. Regarding the channel position, there is no link between the channel position and its supporting CBWs. However the SSB can be impacted by its position within the channel, which also, does not raise an issue for introduction of CBW=3, as channel raster granularity (ΔFGlobal) is narrow enough and equals to 5 KHz. 
On the other hand, the synchronization raster has larger granularity. In the current specification (38.101-1), it is set to 1200 KHz and the raster shift is set to 100 KHz as shown below:
Table 2 GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5}
	3N + (M-3)/2
	2 – 7498



Since the granularities are large, the SSB positions could be limited over a 3MHz CBW, as it was pointed out in [2]. Figure 1 shows the issue in a real scenario for band n100 (but it is valid for n8, n26 and n28). In previous technologies 900 MHz band was used for railway communications over Europe. With introduction of the FRMCS the spectrum is re-farmed for NR-R and GSM-R applications. The current synchronous rasters (SSREF) are presented in purple were each of the 3 points are shifted by 100 KHz (M ϵ {1,3,5}). SS block frequency can be centred on any of these points. However, all of the currently specified synchronization raster points lead to some puncturing on the PBCH to be transmitted over 2.7 MHz.
We can consider two solutions to this issue. The first option could be to use the current sync raster and accept the performance degradation of it. As shown in Figure 2 the PBCH, with a BW 3.6 MHz, loses almost 2.8 dB in SNR when it has to be punctured into 2.7MHz. Here if the SSREF is centred at 920.65 MHz, the PBCH will have to be punctured to 2.216 MHz which means more than 2.5dB of SNR loss. This can be acceptable since in RMR applications the UEs do not have form factor restrictions, they can double their number of antennas and gain 3dB on the SNR. The second option could be to use 3 additional synchronization raster shifts, so the SS block is centred at the middle of the transmission bandwidth. Originally 3 points were considered to take into account for the LO frequency variation errors, so by increasing them we will not degrade the system resilience toward LO errors, but it will increase the delay to scan and find the SS block due to having more synchronization rasters (still less than channel raster). It should be mentioned that the new sync raster configuration wont impact the legacy UEs, it will be only sensible for the UEs that need to operate within the frame of this WI. For example, when the network issues an SSREF on 920.95 MHz (green sync raster) only these new UEs will search for this raster and legacy UEs wont detect it. It should be mentioned that using this method PBCH will still have to be punctured to 2.7 MHz which is unavoidable, but with the new raster configuration all of the available spectrum can be allocated to PBCH
Proposal 2: the channel raster is narrow enough to cover UEs with 3 MHz of the transmission BW.
Proposal 3: for sync raster two options can be considered:
	3.1- Use the current sync raster configuration which leads to unexploited spectrum. This means losing on the PBCH SNR by more than 2.5 dB. However the loss is compensable by having more antennas to reach to the same level of SNR, since on RMR UEs, form factor is not a limitation.
3.2-Increase the number of the sync raster shifts as, M ϵ {1,3,5,7,9,11} to set the SS block at the middle of the transmission bandwidth and fully exploit the available spectrum. This new sync raster won’t be visible to legacy UEs, hence no change is needed to them.
[image: ]
Figure 1 Synchronization raster on band n100
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Figure 2 PBCH loss due to puncturing to 15RBs
Conclusion
Proposal 1: For SCS 15 KHz, set NRB =15 which provides larger guard band that results in lower out of band emissions. 
Proposal 2: the channel raster is narrow enough to cover UEs with 3 MHz of the transmission BW.
Proposal 3: for sync raster two options can be considered:
	3.1- Use the current sync raster configuration which leads to unexploited spectrum. This means losing on the PBCH SNR by more than 2.5 dB. However the loss is compensable by having more antennas to reach to the same level of SNR, since on RMR UEs, form factor is not a limitation.
3.2-Increase the number of the sync raster shifts as, M ϵ {1,3,5,7,9,11} to set the SS block at the middle of the transmission bandwidth and fully exploit the available spectrum. This new sync raster won’t be visible to legacy UEs, hence no change is needed to them.
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