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1 Introduction
In RAN4#92, it is agreed that SSB raster should be placed near the sub-band edge but how close to the edge should be decided based on further discussion:
Agreement: 

RAN4 agreed to place the SSB close to the edge of sub-bands 

RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band 
In this paper, we present our view on the- SSB raster of NR-U with the additional consideration on the placement of the sub-band edge.
2 Discussion
RAN1 design impact on SSB raster

In the SI phase [1], it was agreed that inclusion of CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) in the NR-U DRS is beneficial and how to multiplex the SSB block and RMSI in an efficient way is discussed in [3]. 
To maximize the SIB1 payload and reuse as much as possible from R15 NR design, it is beneficial to arrange the SSB block at the edge of the channel, so that more continuous RB can be left to PSDCH to carry the SIB1. This is illustrated in Figure 1 [3].
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Figure 1: DRS with FDM multiplexing PDSCH carrying SIB1 and a single SS/PBCH block with some protection gap (Y and Z) on either side of the SS/PBCH block.

Observation 1   The SSB raster should be placed such that the SS/PBCH block is as close as the edge of the channel. This allows the PRB allocation can be maximized for PDSCH carrying SIB1 payload within a DRS.
In [5], LS has stated some potential SSB raster placement impact on RAN1 design and have a preference to place the SSB at the 20MHz channel edge.
According to RAN1 agreement below, UE can assume the 30kHz SCS for SSB for 5GHz band, so to reduce the searching time further, it will be preferred if SSB with SCS=30kHz only specified for NR-U stand alone mode. 

Agreement: 

· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.

Proposal-1: Design SSB raster with SCS=30kHz only for NR-U.
Below is the RAN1 agreement, this means the SCS of Coreset#0 will be same with SSB SCS.
Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.

· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS
With the above consideration, the case is considered to design the SSB raster as below:
1. CORESET SCS=30kHz and SSB SCS=30kHz, the SSB Block BW= 20 PRB. RMSI CORESET BW=48 PRB

The CORESET and the offset to the SSB is refered in 38.213 in chapter 13 for an example as below and the offset is counted as # of PRB between the start of SSB and CORESET.
Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
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	Number of Symbols 
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	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16


Below is to investigate if it is possible to place the SSB near the 20MHz channel edge so for the continuous allocation of PSDCH carrying the SIB1 payload.
The procedure to find such SSB position:

1. The lowest frequency location fmin is computed as:

fmin = Fc –  (NRB/2 -NRBSS/2)*Δf*NRERB = Fc- (53-10)*0.18
2. For the first possible raster location, Nmin is the smallest integer satisfying
Nmin>= (fmin – FFR_low )/ΔFraster

Fc is the center frequency of the 20MHz channel [4]. NRB is the total PRB for SCS=30kHz and 20MHz listed in (Table 5.3.2-1 in 38.104), i.e., 51 PRBs. NRBSS is the SSB PRB size (20 PRBs), Δf is the SCS and NRERB is the number of subcarriers per PRB. FFR_low is the low frequency limit for frequeny range in Table 5.4.3.1-1 in 38.104, here FFR_low =3000MHz. ΔFraster is 1.44MHz in the same table.
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Figure 2: SSB block placement offset to the channel edge 
As shown in Figure 2 and calculated in Table 2 to Table 4, the SSB frequency position could be selected from the NR SSB raster set from NR with the condition that selected SSB frequency position should be as close as possible to the channel edge.  The GSCN point for this case is listed in Table 2 to Table 4. As there is 3 PRB between the CORESET Total PRB and total allowed configured PRB (51 PRB for SCS=30kHz), it can observed that as long as the SSB left start PRB has less than 3 PRB to the total PRB allocation left edge, the offset between SSB and CORESET can be set to zero. From the calculation of the different PRB offset between SSB point and the start of the Total PRB allocation left edge in Table 2 to Table 4, it can be observed that the offset between SSB and CORESET can be set to zero as the maximum # PRB offset is 3 from SSB left edge to the total PRB allocation left edge. This will allow the maximum frequency space to the SIB1 payload in this case.
Observation 2    It is possible to place SSB point near the channel edge with the maximum 3 PRB offset to total PRB allocation left edge to provide maximum frequency space to SIB1 payload.
From the Table 2 to Table 4, it can also be observed that the GSCN points for 80MHz coincide with the GSCN point for 40MHz and the GSCN points for 40MHz coincide with the GSCN point for 20MHz. The GSCN points for 20MHz channel can be reused mostly for 40MHz and 80MHz channel. There is one GSCN point (9458) which not coincide with 20MHz and 40MHz (GSCN point of 9457), RAN4 may need to consider if further optimization is needed.
Observation 3    most of SSB points for 20MHz channel can be reused for 40MHz and 80MHz channel.
Proposal 2:    RAN4 need to consider if one GSCN point 9458 (for 80MHz) and 9457 (for 20 MHz and 40MHz) should be further optimized.
Table 2: GSCN and SSB raster near the 20MHz channel edge for SCS=30kHz case
	WIFI channel center frequency
	Fn on raster
	Nref
	Total PRB Allocation left edge 
	Proposed GSCN
	SS block frequency position SSREF
	SSB left edge  Offset to Total PRB allocation left edge

	
	
	
	
	
	
	#PRB offset
	remaining subcarrier offset

	5160
	5160.0000
	744000
	5150.8200
	8996
	5155.68
	3
	0

	5180
	5180.0100
	745334
	5170.8300
	9010
	5175.84
	3
	11

	5200
	5200.0200
	746668
	5190.8400
	9023
	5194.56
	0
	4

	5220
	5220.0000
	748000
	5210.8200
	9037
	5214.72
	0
	10

	5240
	5240.0100
	749334
	5230.8300
	9051
	5234.88
	1
	3

	5260
	5260.0200
	750668
	5250.8400
	9065
	5255.04
	1
	8

	5280
	5280.0000
	752000
	5270.8200
	9079
	5275.20
	2
	2

	5300
	5300.0100
	753334
	5290.8300
	9093
	5295.36
	2
	7

	5320
	5320.0200
	754668
	5310.8400
	9107
	5315.52
	3
	0

	5340
	5340.0000
	756000
	5330.8200
	9121
	5335.68
	3
	6

	5480
	5480.0100
	765334
	5470.8300
	9218
	5475.36
	2
	7

	5500
	5500.0200
	766668
	5490.8400
	9232
	5495.52
	3
	0

	5520
	5520.0000
	768000
	5510.8200
	9246
	5515.68
	3
	6

	5540
	5540.0100
	769334
	5530.8300
	9260
	5535.84
	3
	11

	5560
	5560.0200
	770668
	5550.8400
	9273
	5554.56
	0
	4

	5580
	5580.0000
	772000
	5570.8200
	9287
	5574.72
	0
	10

	5600
	5600.0100
	773334
	5590.8300
	9301
	5594.88
	1
	3

	5620
	5620.0200
	774668
	5610.8400
	9315
	5615.04
	1
	8

	5640
	5640.0000
	776000
	5630.8200
	9329
	5635.20
	2
	2

	5660
	5660.0100
	777334
	5650.8300
	9343
	5655.36
	2
	7

	5680
	5680.0200
	778668
	5670.8400
	9357
	5675.52
	3
	0

	5700
	5700.0000
	780000
	5690.8200
	9371
	5695.68
	3
	6

	5720
	5720.0100
	781334
	5710.8300
	9385
	5715.84
	3
	11

	5745
	5745.0000
	783000
	5735.8200
	9402
	5740.32
	2
	6

	5765
	5765.0100
	784334
	5755.8300
	9416
	5760.48
	2
	11

	5785
	5785.0200
	785668
	5775.8400
	9430
	5780.64
	3
	4

	5805
	5805.0000
	787000
	5795.8200
	9444
	5800.80
	3
	10

	5825
	5825.0100
	788334
	5815.8300
	9457
	5819.52
	0
	3

	5845
	5845.0200
	789668
	5835.8400
	9471
	5839.68
	0
	8

	5865
	5865.0000
	791000
	5855.8200
	9485
	5859.84
	1
	2

	5885
	5885.0100
	792334
	5875.8300
	9499
	5880.00
	1
	7

	5905
	5905.0200
	793668
	5895.8400
	9513
	5900.16
	2
	0


Table 3: GSCN and SSB raster near the 40MHz channel edge for SCS=30kHz case

	WIFI channel center frequency
	Fn on raster
	Nref
	Total PRB Allocation left edge
	Proposed GSCN
	SS block frequency position SSREF
	SSB left edge  Offset to Total PRB allocation left edge

	
	
	
	
	
	
	PRB offset
	remaining subcarrier offset

	5170
	5170.0200
	744668
	5150.94
	8996
	5155.68
	3
	2

	5190
	5190.0000
	746000
	5170.92
	9010
	5175.84
	3
	8

	5230
	5230.0200
	748668
	5210.94
	9037
	5214.72
	0
	6

	5270
	5270.0100
	751334
	5250.93
	9065
	5255.04
	1
	5

	5310
	5310.0000
	754000
	5290.92
	9093
	5295.36
	2
	4

	5510
	5510.0100
	767334
	5490.93
	9232
	5495.52
	2
	9

	5550
	5550.0000
	770000
	5530.92
	9260
	5535.84
	3
	8

	5590
	5590.0200
	772668
	5570.94
	9287
	5574.72
	0
	6

	5630
	5630.0100
	775334
	5610.93
	9315
	5615.04
	1
	5

	5670
	5670.0000
	778000
	5650.92
	9343
	5655.36
	2
	4

	5710
	5710.0200
	780668
	5690.94
	9371
	5695.68
	3
	2

	5755
	5755.0200
	783668
	5735.94
	9402
	5740.32
	2
	2

	5795
	5795.0100
	786334
	5775.93
	9430
	5780.64
	3
	1

	5835
	5835.0000
	789000
	5815.92
	9457
	5819.52
	0
	0

	5875
	5875.0200
	791668
	5855.94
	9485
	5859.84
	0
	10


Table 4: GSCN and SSB raster near the 80MHz channel edge for SCS=30kHz case

	WIFI channel center frequency
	Fn on raster
	Nref
	Resource block left edge
	Proposed GSCN
	SS block frequency position SSREF
	PRB offset
	remaining subcarrier offset

	5210
	5210.0100
	747334
	5170.95
	9010
	5175.84
	3
	7

	5290
	5290.0200
	752668
	5250.96
	9065
	5255.04
	1
	4

	5530
	5530.0200
	768668
	5490.96
	9232
	5495.52
	2
	8

	5610
	5610.0000
	774000
	5570.94
	9287
	5574.72
	0
	6

	5690
	5690.0100
	779334
	5650.95
	9343
	5655.36
	2
	3

	5775
	5775.0000
	785000
	5735.94
	9402
	5740.32
	2
	2

	5855
	5855.0100
	790334
	5815.95
	9458
	5820.96
	3
	11


Proposal-3: GSCN set (8996,9010,9023,9037,9051,9065,9079,9093,9107,9121,9218,9232,9246,9260,9273,9287,9301,9315,9329,9343,9357,9371,9385,9402,9416,9430,9444,9457, 9458, 9471,9485,9499,9513) is adopted for NR-U 5GHz band.

The decision on the SSB raster need to be informed to RAN1 so LS to RAN1 is suggested.
Proposal-4: LS to RAN1 with the RAN4 decision on the GSCN point will be needed.
,
“RAN4 investigate the possibility of the placing the SSB raster at 20MHz channel edge and has made below agreement:
GSCN set (8996,9010,9023,9037,9051,9065,9079,9093,9107,9121,9218,9232,9246,9260,9273,9287,9301,9315,9329,9343,9357,9371,9385,9402,9416,9430,9444,9457, 9458, 9471,9485,9499,9513) is adopted for NR-U 5GHz band.”

3 Conclusions

In this contribution, we have provided our view on SSB raster design issue for 5GHz unlicensed band with below observation and proposal:
Observation 1   The SSB raster should be placed such that the SS/PBCH block is as close as the edge of the channel. This allows the PRB allocation can be maximized for PDSCH carrying SIB1 payload within a DRS.

Proposal-1: Design SSB raster with SCS=30kHz only for NR-U.

Observation 2    It is possible to place SSB point near the channel edge with the maximum 3 PRB offset to total PRB allocation left edge to provide maximum frequency space to SIB1 payload.
Observation 3    most of SSB points for 20MHz channel can be reused for 40MHz and 80MHz channel.
Proposal 2:    RAN4 need to consider if one GSCN point 9458 (for 80MHz) and 9457 (for 20 MHz and 40MHz) should be further optimized.
Proposal-3: GSCN set (8996,9010,9023,9037,9051,9065,9079,9093,9107,9121,9218,9232,9246,9260,9273,9287,9301,9315,9329,9343,9357,9371,9385,9402,9416,9430,9444,9457, 9458, 9471,9485,9499,9513) is adopted for NR-U 5GHz band.

Proposal-4: LS to RAN1 with the RAN4 decision on the GSCN point will be needed.
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