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1	Introduction 
The addition of bandwidths less the 5MHz to NR has potential to improve networks for critical infrastructure industry (CII) as well as automation for railway systems.  While LTE supports BW less than 5MHz, the enhanced performance features of NR (e.g., low latency) are desired in future deployments.  In RAN #95, the following WI objectives were defined [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 paper we explore the feasible size of GB for a potential new 3MHz channel BW, and we investigate the optimal sync raster to use for bands supporting 3 MHz.
2 Discussion
2.1 Introductory and LS from RAN1
Based on the LS from RAN1, some further conclusions can be assumed from RAN1 agreements in addition to those from the WID.  The following are agreed to support transmission bandwidths of <5MHz for 3MHz and 5MHz.RAN1 Agreements:
· Only 3 and 5MHz ChBW will be supported
· UE could know which RBs are used for SSB transmission after PSS/SSS.
· A subset of PRBs of 20-PRB PBCH are used for PBCH transmission, but which PRBs and how they might be used is FFS in RAN1
· CORESET#0: For 5MHz ChBW, the existing configuration could optionally be used
· A new CORESE#0 table is to be introduced
· No enhancements to PRACH are needed and
· Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS will be used


2.2 Maximum number of RBs and GB for 3 MHz ChBW
LS Question 1: RAN1’s understanding is that in addition to re-using 5 MHz channel bandwidth, RAN1 supposes only 3 MHz channel bandwidth is supported, and would like to get RAN4 response on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Given that RAN1 “assumes a maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis”, we consider the trade-offs between different potential guard-band (GB) sizes. The importance of GB is to allow a region at the edge of the operating band where no signal is transmitted.  This allows for finite filter roll-off and FFT roll-off which allows some energy to leak beyond the precise edge of the defined carrier.  Thus, GBs are critical to good radio inter-operability, ensuring that energy from one band does not leak into an adjacent operating band.
The size of the GB can be calculated from:

Values of NRB of 14, 15 and 16 were considered for the potential new 3MHz channel BW.  The value of 16 gives almost no GB and would likely create issues for the non-linear analogue circuitry.  The value of 14 was also considered, giving a GB of 232.5 kHz.  This is a much higher percent BW than the channel BW for larger sizes and results in a spectral utilization of only 84% which is low for NR which strives for better than 90%. The value of 15 gives a GB of 142.5kHz which is a reasonable compromise value.  This gives a spectral utilization of 90%.  Another advantage of utilizing 15RB is that this is the same size as was used in LTE for 3MHz channel BW. 
Observation 1: Selecting 16 RB for a potential new 3 MHz channel BW results in too small of a GB. Selecting 14 RB gives nearly the same GB as for the 5 MHz channel BW and a low spectral utilization of 84%.  15 RB is the best compromise value.
Table 1, below, shows the list of GB and Max NRB for potential channel bandwidths.  In addition, the proposed values for a potential new 3MHz channel BW are shown.  The progression of values can also be seen in the table, showing that 15RB is a reasonable potential fit.
Table 1 – Minimum Guardband and Maximum Transmission bandwidth configuration NRB
	ChBW (MHz)
	GB (kHz)
	Max NRBs

	3
	142.5
	15

	5
	242.5
	25

	10
	312.5
	52

	15
	382.5
	79

	20
	452.5
	106

	25
	522.5
	133

	30
	592.5
	160

	35
	572.5
	188

	40
	552.5
	216

	45
	712.5
	242

	50
	692.5
	270



Proposal 1: RAN4 should select a maximum number of 15 RBs and a GB of 142.5kHz for a potential new 3 MHz channel BW.
2.3 Sync Raster to support 3MHz ChBW
LS Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
Given the need for smaller NRB in a potential new 3MHz channel, we must revisit the sync raster formula.  For FR1 bands less that 3GHz, the existing sync raster formula is given as:

With values of M ranging from 1,3,5 this effectively makes a large step of 1200kHz and a small step of 100kHz.  Considering this, the smallest gap between SSB blocks will be 100kHz and the largest gap that can occur between SSB blocks on the sync raster is 1200 – 200 = 1000kHz.  The 1000kHz gap, is a little more than 5 RBs in width, based on 15kHz SCS.  
For the existing FR1 bands, this 5 RB gap works adequately.  The current minimum channel BW of 5 MHz is 25 RBs, and the width of the SSB block is 20 RBs.  The difference is 5RB, or 900kHz which close to the 1000kHz gap.  For a potential new 3MHz channel BW with a width of 15 RB, there will need to be a new smaller SSB size.  
If we were to re-use the existing FR1 sync raster formula, the problem is that the maximum SSB size would need to be at least 5 RB less than the proposed NRB for the potential 3MHz channel BW.  This would lead to a need to change the SSB size to 10 RB or smaller.
If we examine the elements of the existing SSB structure, we can see that the PSS and SSS blocks are 127 sub-carriers wide, or in other words, these PSS and SSS blocks require at least 11 RB.  The area around the PSS and SSS is for PBCH blocks, which is 20 RBs wide, and occupies the 1st, 2nd, and 3rd OFDM symbols after the 0th symbol.  In order to minimize the number changes to the SSB, it is best for RAN4 to define a new sync raster that is wider than 11RB, the size of the PSS and SSS.
Observation 2: Re-using the existing N*1200kHz + M*50kHz sync raster formula with a potential 3MHz channel BW having 15 RB, would require re-designing the SSB to be only 10RB wide.
Before further considering the trade-off of a new sync raster formula for the 3MHz channel BW, we will review the history of the FR1 sync raster to gain insights into the original design.
2.3.2 History of the FR1 Sync Raster
The plans for the FR1 sync raster were well discussed in RAN4 meetings leading up to RAN4 #84 in 2017 [2]. In [3], it was discussed “whether a channel raster is needed from a UE point of view or only a sync raster would suffice”. In [4], a 180kHz based channel raster is compared against a 100kHz based channel raster.  The 100kHz channel raster was preferred because it aligned well with NR band sizes and locations being on multiples of MHz, among other reasons.  One issue was how to ensure alignment between channel raster and sync raster.  
By RAN4 #84 [5], it was agreed that sync raster would be defined “such that there is a minimum number of entries for each band” and “entries will be included in the specifications for each band”.  Also, the concept of a “floating sync” was introduced where the sync block RBs are not aligned with the channel RBs, but the sub-carriers of both are aligned.
Observation 3: Since the original discussion on sync raster in RAN4 #84, a key goal has been that the sync raster should be defined for a minimum number of entries per band
In RAN4 #85 [6], the sync raster was defined as:  , for bands on 100kHz channel raster.  The 5kHz small step, was included to ensure sub-carrier alignment for all cases between the sync block RBs and the channel RBs
In [7], it was noted that the sub-carrier alignment can be maintained for a wide variety of small raster steps.  Any multiple of 15kHz plus or minus 5kHz will fulfil the requirement as shown in the table 2, below
Table 2 – Sync raster small step offsets that enable sub-carrier alignment between 100kHz channel raster and sync raster
	5
	110
	215

	10
	115
	220

	20
	125
	230

	25
	130
	235

	35
	140
	245

	40
	145
	250

	50
	155
	260

	55
	160
	265

	65
	170
	275

	70
	175
	280

	80
	185
	295

	85
	190
	305

	95
	200
	 310

	100
	205
	 320



In [8], it was proposed to increase the sync raster small step to: , for M = 1,3,5 to avoid the issue from sampling frequency error that could prevent the UE from detecting the PSS/SSS that could occur with the small 5kHz step.  During this meeting companies debated two potential small steps of 100kHz (50kHz with M = 1,3,5) and 70kHz.  
In RAN4 #86bis [9], the large step size was discussed as companies brought simulation results for large steps ranging from 900kHz to 1400kHz.  An agreement was made for , for M=1,3,5.  The larger step of 1200kHz reduced the total number of SSBs required compared to 900kHz.  It is noted, that the 1200kHz step was feasible because of the larger 5RB difference between the minimum channel size (25RB) and the SSB size (20RB) but this gap may be too much for the smaller 15RB channel BW currently being discussed.
Finally, the equations for calculating GSCN were updated in [10].
2.3.2 Proposed new Sync Raster
To find the optimal sync raster for the potential new 3MHz channel BW we must consider the needed size of a new modified, smaller SSB block.  We must also try to minimize the number of required SSB scan points in a given channel.  Given that the PSS and SSS is 127 SC wide (~11 RB), it is best for RAN4 to define a new sync raster that utilizes an SSB that is greater than or equal to 11RB.
Observation 4: In order to minimize the number of required changes for the SSB, it is best for RAN4 to define a new sync raster that utilizes an SSB that is wider than 11RB, the size of the PSS and SSS.
In order to evaluate new sync raster formula that can facilitate the largest potential SSB size, simulations were performed.  Enabling the largest potential SSB size allows for more flexibility in the new SSB design and allows for a larger PBCH.  The simulation places an SSB at all potential sync raster locations within an example operating band and then evaluates if all channels with a given ChBW on the channel raster can be served by those SSB.    The size of the SSB block is increased until the maximum size is found that still supports all the channels of the ChBW.  All potential carrier bandwidths (carrier resource block grid) sizes ranging from 3MHz up to 50MHz are evaluated.  To ensure future compatibility, we start with band n8 and then check all of the NR bands in simulation.  Several different potential GSCN formula were attempted in the simulation.  
The simulation results are shown in Figure 1.  Potential GSCN formula are shown for large step sizes ranging from 300kHz to 1200kHz.  Small step sizes of 50, 70, 100, and 200kHz were considered, and the best of each of these is shown for each large step size.  The red curve shows the maximum SSB size that achieves full sync raster coverage with a 3MHz channel BW.  It is desired to maximize this value to enable flexibility in design of the SSB to be able to carry a largest possible PBCH.  The blue curve shows the reduction factor in the number of required sync steps compared to LTE.  LTE required a large number of sync raster points, and it is desirable to reduce the need to scan so many points.
[image: ]
Figure 1 – SSB Size and Number of SSBs Required vs several potential GSCN formula.  600N + 100M gives the optimal value.
The optimal GSCN formula is found for 600N + 50M for M = 1,3,5.  This formula allows an SSB size of 13RB which is only 2 RB less than the 3MHz channel BW size.  This formula is optimal because it requires the smallest number of SSB locations and represents a 2x reduction factor in the number of required sync steps.  Although the 500N + 50M and 300N + 50M formula also enable a 13 RB SSB size, these require considerably more SSB scan points and a smaller reduction factor.  The GSCN formula using 900kHz, 800kHz and 700kHz steps do all work with an 11 RB SSB block.  However, in our view the GSCN formula that support up to 13 RB size SSB blocks are a better trade-off. Thus, to ensure a minimum number of SSB scan points while also enabling the largest SSB size, the GSCN formula of 600N + 50M for M=1,3,5 is proposed.  The largest feasible SSB size that allows good sync raster coverage was found to be 13 RB or 2RB less than the channel BW.  
Proposal 2: For a minimum number of SSB scan points while enabling the largest SSB size, the GSCN formula of 600N + 50M for M=1,3,5 is proposed.
Proposal 3: We should send an LS to RAN1 to communicate that RAN4 simulations show that the SSB should be 2 RB smaller than the channel BW to ensure good sync raster coverage. 
A further advantage of this GSCN formula, is that it also compatible with the existing FR1 GSCN formula using 1200kHz steps.  Channels that would potentially utilize this formula, merely need to implement twice the number of SSB scan points, which should lead to better backward compatibility.
Table 3 below shows the GSCN parameters for the global frequency raster from TS 38.104 and TS 38.101-1, with the addition of the proposed new GSCN formula of 600N + 50M.  In order to be compatible with the existing GSCN values, an offset is added to the new GSCN formula to use GSCN range after the existing FR2 range.  The entire 0 – 3000MHz range was included in the proposed GSCN formula so as to allow future compatibility if other NR bands which to adopt a 3MHz channel BW.
Table 3 – Proposed addendum to “Table 5.4.3.1-1 GSCN parameters for the global frequency raster” to support the potential new 3MHz Channel BW 
	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} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N *
17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639

	0 – 3000 MHz 2
	N * 600kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2 + 26638
	26640 – 41633

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
NOTE 2:   This GSCN range is applicable to frequency bands employing 3MHz channel BW and the associated finer sync raster



Proposal 4: An additional row should be added to the GSCN table to support the new 600N + 50M sync raster as shown in Table 3.

3	Conclusions
In summary, this paper discussed the potential for a new 3MHz channel BW.  Analysis of the GB and number of RB for the potential new channel BW are discussed.  Simulation results are shown comparing different GSCN formula that support a finer sync raster for the proposed 3MHz channel BW.  A new sync raster formula is proposed.
Observation 1: Selecting 16 RB for a potential new 3 MHz channel BW results in too small of a GB. Selecting 14 RB gives nearly the same GB as for the 5 MHz channel BW and a low spectral utilization of 84%.  15 RB is the best compromise value.
Proposal 1: RAN4 should select a maximum number of 15 RBs and a GB of 142.5kHz for a potential new 3 MHz channel BW.
Observation 2: Re-using the existing N*1200kHz + M*50kHz sync raster formula with a potential 3MHz channel BW having 15 RB, would require re-designing the SSB to be only 10RB wide.
Observation 3: Since the original discussion on sync raster in RAN4 #84, a key goal has been that the sync raster should be defined for a minimum number of entries per band
Observation 4: In order to minimize the number of required changes for the SSB, it is best for RAN4 to define a new sync raster that utilizes an SSB that is wider than 11RB, the size of the PSS and SSS.
Proposal 2: For a minimum number of SSB scan points while enabling the largest SSB size, the GSCN formula of 600N + 50M for M=1,3,5 is proposed.
Proposal 3: We should send an LS to RAN1 to communicate that RAN4 simulations show that the SSB should be 2 RB smaller than the channel BW to ensure good sync raster coverage. 
Table 3 – Proposed addendum to “Table 5.4.3.1-1 GSCN parameters for the global frequency raster” to support the potential new 3MHz Channel BW 
	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} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N *
17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639

	0 – 3000 MHz 2
	N * 600kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2 + 26638
	26640 – 41633

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
NOTE 2:   This GSCN range is applicable to frequency bands employing 3MHz channel BW and the associated finer sync raster



Proposal 4: An additional row should be added to the GSCN table to support the new 600N + 50M sync raster as shown in Table 3.
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