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1 Introduction

In last RAN4#92 meeting, RAN4 has approved such agreements as guideline of further discussion on sync raster design [1].
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In this paper, we present our view on SSB raster of NR-U.

2 Discussion
To improve the initial cell search performance, NR has decoupled the rasters related to SS signal search and channel raster design with introducing SSB raster on top of the channel raster. It is common understanding that more sparser raster can be designed for NR-U. And RAN4 agree to introduce single default sync raster for each sub-band. To be further clarified, if UE is configured with wideband carrier operation with 40/60/80 MHz, 2/3/4 potential SSB placement can be possible. 
Therefore, all possible SSB placement in each sub-band should be considered for wideband operation for NR-U, not just the only one close to the channel edge in the leftmost sub-band of the carrier. Whether the SSB is configured in the leftmost sub-band of the wideband carrier depends on BS.
Proposal 1: All possible SSB placement in each sub-band should be considered for wideband operation for NR-U.

In addition, RAN4 has agreed to place the SSB close to the edge of sub-bands, and continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference. Furthermore, RAN1 has agreed that the SCS for all SSBs and CORESET #0 on a carrier is always the same for operation of NR in unlicensed spectrum, and UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers. Based on such consideration, we think the following assumptions need to be firstly considered to design the SSB raster for NR-U: 

· SSB:  20 RBs for 30KHz SCS,

· RMSI CORESET: 
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= 48 RBs for 30KHz SCS 
And according to Table 13-4 in TS 38.213, the offset between SSB and CORESET is no less than 12 RBs, which would restrict the placement of SSB close to the edge of sub-band. It needs to be revised in Rel-16 for NR-U, and RAN4 can decide to inform RAN1 of such impact in the LS.
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


In order to apply to all possible cases, it is better to define a set of GSCN and SSB points which can be compatible with all channel BWs whose guard band may be different. And according to the requirement for minimum guard-band for each UE channel bandwidth and SCS (kHz) in Table 5.3.3-1 in TS 38.101, different NR-U Channel BWs have different guard-bands, which lead to GSCN and SSB placement could be different for 20MHz, 40MHz, 60MHz and 80MHz. For example, as R4-1909393 [3] has mentioned, GSCN point 9458 (for 80MHz) and 9457 (for 20 MHz and 40MHz) should be further optimized. In this case, the larger one which can cover both 20MHz and wideband (80MHz) should be chosen, even if it’s not the closest GSCN to the edge of the sub-band.   

Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)

	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370


NOTE:
The minimum guardbands have been calculated using the following equation: (BWChannel x 1000 (kHz) - NRB  x SCS x 12) / 2 - SCS/2, where NRB  are from Table 5.3.2-1.
In other words, due to only one SSB configured for a cell search and single default sync raster for each sub-band, a unified set of GSCN and SSB should be feasible for a carrier with 20MHz, 40MHz, 50MHz, or 80MHz for NR-U. 
Proposal 2: A set of sync raster/GSCN should be defined for NR-U bands which is feasible for all channel BWs.
In our view, we agree to try to place the SSB close to the left edge of resource block/sub-band in order to maximize the feasibility of allocation of PDSCH. As RAN4 defined minimum guardband for different UE channel bandwidth and SCS as table 5.3.3-1, the offset of SSB to channel edge is transparent to UE. UE only care the offset from SSB to configured resource edge, and RAN1 takes the responsibility to further decide OffsetToPointA and Kssb. 
As for the step of sync raster is 1.44MHz (4RBs with 30KHz SCS), we can roughly estimate the value for maximum offsets shall be no more than 4RBs assuming SSB is aligned with RMSI CORESET. In addition, considering the different minimum guardband for 20/40/60/80MHz NR-U carrier, the offset between SSB to channel edge should not exceed 7 RBs with 30 kHz SCS for SSB and RMSI CORESET. 
Note: The offset is the subcarrier offset from subcarrier 0 in common resource block NCRBSSB[image: image7.wmf]SSB
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 is obtained from the higher-layer parameter offsetToPointA and the 4 least significant bits of  to subcarrier 0 of the SS/PBCH block, where the offset NCRBSSB  are given by the higher-layer parameter ssb-SubcarrierOffset. 

Proposal 3: The offset from SSB to channel left edge should be no more than 7 RBs with 30 kHz SCS.
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Figure 1: an example for SSB placement
Table 5.4.3.1-1: 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} (Note 1)
	3N + (M-3)/2
	2 – 7498

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

	NOTE 1:
The default value for operating bands with SCS spaced channel raster is M=3.


Considering the coexistence of WiFi and LAA system, the NR-U frequency FDL_low and FDL_high for GSCN calculation should be aligned with WiFi channel boundary with integer MHz as below. 

WiFi channel bonding in n46：
5150-5170, 5170-5190, 5190-5210, 5210-5230, 5230-5250, 5250-5270, 5270-5290, 5290-5310, 5310-5330, 5330-5350, 

5470-5490, 5490-5510, 5510-5530, 5530-5550, 5550-5570, 5570-5590, 5590-5610, 5610-5630, 5630-5650, 5650-5670, 5670-5690, 5690-5710, 5710-5730, 

5735-5755, 5755-5775, 5775-5795, 5795-5815, 5815-5835, 5835-5855, 5855-5875, 5875-5895, 5895-5915.
According to Table 5.4.3.1-1 and the calculation method approved for NR [4], we would like to propose the following GSCN set for NR-U n46 band.
Proposal 4: For NR-U n46 band, define such 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, 9458, 9471,9485,9499,9513}.
Table 1: NR-U Sync Raster

	NR-U band
	SCS
(KHz)
	CBW(MHz)
	Guardband(KHz)
	FDL_low
	FDL_high
	GSCNmin
	SSlow
	Offset to FDL_low (MHz) 

	n46
	30
	20/40/60/80
	805/905/825/925
	5150
	5170
	8996
	5152.08
	2.08

	n46
	30
	20/40/60/80
	805/905/825/925
	5170
	5190
	9010
	5172.24
	2.24

	n46
	30
	20/40/60/80
	805/905/825/925
	5190
	5210
	9023
	5190.96
	0.96

	n46
	30
	20/40/60/80
	805/905/825/925
	5210
	5230
	9037
	5211.12
	1.12

	n46
	30
	20/40/60/80
	805/905/825/925
	5230
	5250
	9051
	5231.28
	1.28

	n46
	30
	20/40/60/80
	805/905/825/925
	5250
	5270
	9065
	5251.44
	1.44

	n46
	30
	20/40/60/80
	805/905/825/925
	5270
	5290
	9079
	5271.6
	1.6

	n46
	30
	20/40/60/80
	805/905/825
	5290
	5310
	9093
	5291.76
	1.76

	n46
	30
	20/40/60/80
	805/905
	5310
	5330
	9107
	5311.92
	1.92

	n46
	30
	20/40/60/80
	805
	5330
	5350
	9121
	5332.08
	2.08

	n46
	30
	20/40/60/80
	805/905/825/925
	5470
	5490
	9218
	5471.76
	1.76

	n46
	30
	20/40/60/80
	805/905/825/925
	5490
	5510
	9232
	5491.92
	1.92

	n46
	30
	20/40/60/80
	805/905/825/925
	5510
	5530
	9246
	5512.08
	2.08

	n46
	30
	20/40/60/80
	805/905/825/925
	5530
	5550
	9260
	5532.24
	2.24

	n46
	30
	20/40/60/80
	805/905/825/925
	5550
	5570
	9273
	5550.96
	0.96

	n46
	30
	20/40/60/80
	805/905/825/925
	5570
	5590
	9287
	5571.12
	1.12

	n46
	30
	20/40/60/80
	805/905/825/925
	5590
	5610
	9301
	5591.28
	1.28

	n46
	30
	20/40/60/80
	805/905/825/925
	5610
	5630
	9315
	5611.44
	1.44

	n46
	30
	20/40/60/80
	805/905/825/925
	5630
	5650
	9329
	5631.6
	1.6

	n46
	30
	20/40/60/80
	805/905/825/925
	5650
	5670
	9343
	5651.76
	1.76

	n46
	30
	20/40/60/80
	805/905/825
	5670
	5690
	9357
	5671.92
	1.92

	n46
	30
	20/40/60/80
	805/905
	5690
	5710
	9371
	5692.08
	2.08

	n46
	30
	20/40/60/80
	805
	5710
	5730
	9385
	5712.24
	2.24

	n46
	30
	20/40/60/80
	805/905/825/925
	5735
	5755
	9402
	5736.72
	1.72

	n46
	30
	20/40/60/80
	805/905/825/925
	5755
	5775
	9416
	5756.88
	1.88

	n46
	30
	20/40/60/80
	805/905/825/925
	5775
	5795
	9430
	5777.04
	2.04

	n46
	30
	20/40/60/80
	805/905/825/925
	5795
	5815
	9444
	5797.2
	2.2

	n46
	30
	20/40/60/80
	805/905/825/925
	5815
	5835
	9458
	5817.36
	2.36

	n46
	30
	20/40/60/80
	805/905/825/925
	5835
	5855
	9471
	5836.08
	1.08

	n46
	30
	20/40/60/80
	805/905/825
	5855
	5875
	9485
	5856.24
	1.24

	n46
	30
	20/40/60/80
	805/905
	5875
	5895
	9499
	5876.4
	1.4

	n46
	30
	20/40/60/80
	805
	5895
	5915
	9513
	5896.56
	1.56


3 Conclusions

In this contribution, we have provided our view on SSB raster design for 5GHz NR-U band.
Proposal 1: All possible SSB placement in each sub-band should be considered for wideband operation for NR-U.

Proposal 2: A set of sync raster/GSCN should be defined for NR-U bands which is feasible for all channel BWs.
Proposal 3: The offset from SSB to channel left edge should be no more than 7 RBs with 30 kHz SCS.

Proposal 4: For NR-U n46 band, define such 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, 9458, 9471,9485,9499,9513}.
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It is agreed to have single SSB location with 30KHz SCS based on RAN1 agreement for initial cell search per 20MHz 


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 
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