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1 CORESET #0 Offsets for 0.805 MHz Intra-band Guard-band
The CORESET#0 offset values are calculated based on the RAN4 agreements [1] [2], assuming intra-band guard-band as 0.805 MHz. A summary is provided in Table 1-1 to Table 1-4 for 20 MHz, 40 MHz, 60 MHz, and 80 MHz, correspondingly. A detailed calculation of the offsets is provided by the accompany spreadsheet document to this file. 

Observation 1-1: k_SSB only takes values from {0, 4, 8, 12, 16, 20}.

Observation 1-2: At least 50 RBs can be available within each LBT bandwidth. 

Observation 1-3: Two offsets are sufficient for guaranteeing at least one CORESET #0 with 48 RBs can fit into the available RBs within each LBT bandwidth, and the two offsets can be selected as (0, 2) or (0, 3). 

Table 1-1 CORESET #0 offsets for 20 MHz channels
	nominal channel center MHz
	channel raster
	Number of RB
	min RB offset
	max RB offset
	k_SSB

	5160
	5160.000
	51
	0
	3
	12

	5180
	5179.980
	50
	1
	3
	12

	5200
	5200.020
	51
	1
	4
	8

	5220
	5220.000
	51
	0
	0
	20

	5240
	5239.980
	50
	0
	0
	20

	5260
	5260.020
	51
	0
	1
	16

	5280
	5280.000
	51
	0
	2
	4

	5300
	5299.980
	50
	0
	2
	4

	5320
	5320.020
	51
	0
	3
	0

	5340
	5340.000
	51
	0
	3
	12

	5480
	5479.980
	50
	0
	2
	4

	5500
	5500.020
	51
	0
	3
	0

	5520
	5520.000
	51
	0
	3
	12

	5540
	5539.980
	50
	1
	3
	12

	5560
	5560.020
	51
	1
	4
	8

	5580
	5580.000
	51
	0
	0
	20

	5600
	5599.980
	50
	0
	0
	20

	5620
	5620.020
	51
	0
	1
	16

	5640
	5640.000
	51
	0
	2
	4

	5660
	5659.980
	50
	0
	2
	4

	5680
	5680.020
	51
	0
	3
	0

	5700
	5700.000
	51
	0
	3
	12

	5720
	5719.980
	50
	1
	3
	12

	5745
	5745.000
	51
	0
	2
	12

	5765
	5764.980
	50
	0
	2
	12

	5785
	5785.020
	51
	0
	3
	8

	5805
	5805.000
	51
	0
	3
	20

	5825
	5824.980
	50
	1
	3
	20

	5845
	5845.020
	51
	0
	0
	16

	5865
	5865.000
	51
	0
	1
	4

	5885
	5884.980
	50
	0
	1
	4

	5905
	5905.020
	51
	0
	2
	0


 
Table 1-2 CORESET #0 offsets for 40 MHz channels
	nominal carrier center MHz
	channel raster MHz
	Number of RB
	k_SSB
	sub-band 1
	sub-band 2

	
	
	
	
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset

	5170
	5170.020
	106
	4
	50
	1
	3
	50
	1
	3

	5190
	5190.000
	106
	16
	50
	1
	3
	50
	1
	3

	5230
	5230.020
	106
	12
	50
	0
	0
	50
	0
	0

	5270
	5269.980
	105
	0
	50
	0
	1
	50
	0
	2

	5310
	5310.000
	106
	8
	50
	0
	2
	50
	0
	2

	5330
	5329.980
	105
	8
	50
	0
	2
	50
	1
	3

	5490
	5490.000
	106
	8
	50
	0
	2
	50
	0
	2

	5510
	5509.980
	105
	8
	50
	0
	2
	50
	1
	3

	5550
	5550.000
	106
	16
	50
	1
	3
	50
	1
	3

	5590
	5590.020
	106
	12
	50
	0
	0
	50
	0
	0

	5630
	5629.980
	105
	0
	50
	0
	1
	50
	0
	2

	5670
	5670.000
	106
	8
	50
	0
	2
	50
	0
	2

	5710
	5710.020
	106
	4
	50
	1
	3
	50
	1
	3

	5755
	5755.020
	106
	4
	50
	0
	2
	50
	0
	2

	5795
	5794.980
	105
	16
	50
	0
	2
	50
	1
	3

	5815
	5815.020
	106
	12
	50
	1
	3
	50
	1
	3

	5835
	5835.000
	106
	0
	50
	2
	4
	50
	0
	0

	5875
	5875.020
	106
	20
	50
	0
	0
	50
	0
	0



Table 1-3 CORESET #0 offsets for 60 MHz channels
	nominal carrier center MHz
	channel raster MHz
	Number of RB
	k_SSB
	sub-band 1
	sub-band 2
	sub-band 3

	
	
	
	
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset

	5180
	5179.980
	161
	0
	50
	1
	3
	50
	1
	3
	50
	2
	4

	5200
	5200.020
	162
	20
	50
	1
	3
	50
	1
	3
	51
	0
	0

	5220
	5220.000
	162
	8
	51
	1
	4
	50
	0
	0
	50
	0
	0

	5280
	5280.000
	162
	16
	51
	0
	1
	50
	0
	1
	50
	0
	1

	5300
	5299.980
	161
	16
	50
	0
	1
	50
	0
	1
	50
	0
	2

	5320
	5320.020
	162
	12
	50
	0
	2
	50
	0
	2
	51
	0
	3

	5500
	5500.020
	162
	12
	50
	0
	2
	50
	0
	2
	51
	0
	3

	5520
	5520.000
	162
	0
	51
	0
	3
	50
	1
	3
	50
	1
	3

	5540
	5539.980
	161
	0
	50
	1
	3
	50
	1
	3
	50
	2
	4

	5580
	5580.000
	162
	8
	51
	1
	4
	50
	0
	0
	50
	0
	0

	5600
	5599.980
	161
	8
	50
	0
	0
	50
	0
	0
	50
	0
	1

	5620
	5620.020
	162
	4
	50
	0
	1
	50
	0
	1
	51
	0
	2

	5680
	5680.020
	162
	12
	50
	0
	2
	50
	0
	2
	51
	0
	3

	5700
	5700.000
	162
	0
	51
	0
	3
	50
	1
	3
	50
	1
	3

	5765
	5764.980
	161
	0
	50
	0
	2
	50
	0
	2
	50
	1
	3

	5785
	5785.020
	162
	20
	50
	0
	2
	50
	0
	2
	51
	0
	3

	5805
	5805.000
	162
	8
	51
	0
	3
	50
	1
	3
	50
	1
	3



Table 1-4 CORESET #0 offsets for 80 MHz channels
	nominal carrier center MHz
	channel raster MHz
	Number of RB
	k_SSB
	sub-band 1
	sub-band 2
	sub-band 3
	sub-band 4

	
	
	
	
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset

	5190
	5190.000
	217
	4
	50
	1
	3
	50
	1
	3
	50
	2
	4
	50
	0
	0

	5210
	5209.980
	216
	4
	50
	1
	3
	50
	2
	4
	50
	0
	0
	50
	0
	1

	5290
	5290.020
	217
	8
	50
	0
	1
	50
	0
	1
	50
	0
	2
	50
	0
	2

	5530
	5530.020
	217
	16
	50
	0
	2
	50
	0
	2
	50
	1
	3
	50
	1
	3

	5610
	5610.000
	217
	12
	50
	0
	0
	50
	0
	0
	50
	0
	1
	50
	0
	1

	5690
	5689.980
	216
	20
	50
	0
	1
	50
	0
	2
	50
	0
	2
	50
	1
	3

	5775
	5775.000
	217
	4
	50
	0
	2
	50
	0
	2
	50
	1
	3
	50
	1
	3

	5795
	5794.980
	216
	4
	50
	0
	2
	50
	1
	3
	50
	1
	3
	50
	2
	4

	5855
	5854.980
	216
	12
	50
	1
	3
	50
	0
	0
	50
	0
	0
	50
	0
	1



2 CORESET #0 Offsets for Larger Intra-band Guard-band
There is an on-going discussion on increasing the size of intra-band guard-band from 0.805 MHz, and the maximum value for the intra-band guard-band proposed across all companies is 0.925 MHz. 

[bookmark: _GoBack]Similar study has been performed for intra-band guard-band as 0.925 MHz, for all the supported channels in NR-U, and a summary is provided in Table 2-1 to Table 2-4 for 20 MHz, 40 MHz, 60 MHz, and 80 MHz, correspondingly. A detailed calculation of the offsets is provided by the accompany spreadsheet document to this file. Based on the results, we have the following observations, with the assumption that RAN4 needs to shift two synchronization raster entries (SS/PBCH block according to current GSCN is conflicting with guard-band). In this set of results, the following changes to synchronization raster entries are applied: GSCN 9037 changed to 9038, and GSCN 9471 changed to 9472.  

Observation 2-1: k_SSB only takes values from {0, 4, 8, 12, 16, 20}.

Observation 2-2: At least 49 RBs can be available within each LBT bandwidth. 

Observation 2-3: Two offsets are sufficient for guaranteeing at least one CORESET #0 with 48 RBs can fit into the available RBs within each LBT bandwidth, and the two offsets can be (0, 2).  

Table 2-1 CORESET #0 offsets for 20 MHz channels
	nominal channel center MHz
	channel raster
	Number of RB
	min RB offset
	max RB offset
	k_SSB

	5160
	5160.000
	51
	0
	3
	12

	5180
	5179.980
	50
	1
	3
	12

	5200
	5200.020
	51
	1
	4
	8

	5220
	5220.000
	51
	1
	4
	20

	5240
	5239.980
	50
	0
	0
	20

	5260
	5260.020
	51
	0
	1
	16

	5280
	5280.000
	51
	0
	2
	4

	5300
	5299.980
	50
	0
	2
	4

	5320
	5320.020
	51
	0
	3
	0

	5340
	5340.000
	51
	0
	3
	12

	5480
	5479.980
	50
	0
	2
	4

	5500
	5500.020
	51
	0
	3
	0

	5520
	5520.000
	51
	0
	3
	12

	5540
	5539.980
	50
	1
	3
	12

	5560
	5560.020
	51
	1
	4
	8

	5580
	5580.000
	51
	0
	0
	20

	5600
	5599.980
	50
	0
	0
	20

	5620
	5620.020
	51
	0
	1
	16

	5640
	5640.000
	51
	0
	2
	4

	5660
	5659.980
	50
	0
	2
	4

	5680
	5680.020
	51
	0
	3
	0

	5700
	5700.000
	51
	0
	3
	12

	5720
	5719.980
	50
	1
	3
	12

	5745
	5745.000
	51
	0
	2
	12

	5765
	5764.980
	50
	0
	2
	12

	5785
	5785.020
	51
	0
	3
	8

	5805
	5805.000
	51
	0
	3
	20

	5825
	5824.980
	50
	1
	3
	20

	5845
	5845.020
	51
	1
	4
	16

	5865
	5865.000
	51
	0
	1
	4

	5885
	5884.980
	50
	0
	1
	4

	5905
	5905.020
	51
	0
	2
	0


 
Table 2-2 CORESET #0 offsets for 40 MHz channels
	nominal carrier center MHz
	channel raster MHz
	Number of RB
	k_SSB
	sub-band 1
	sub-band 2

	
	
	
	
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset

	5170
	5170.020
	106
	4
	50
	1
	3
	50
	1
	3

	5190
	5190.000
	106
	16
	50
	1
	3
	50
	1
	3

	5230
	5230.020
	106
	12
	50
	2
	4
	50
	0
	0

	5270
	5269.980
	105
	0
	50
	0
	1
	49
	0
	1

	5310
	5310.000
	106
	8
	50
	0
	2
	50
	0
	2

	5330
	5329.980
	105
	8
	50
	0
	2
	49
	1
	2

	5490
	5490.000
	106
	8
	50
	0
	2
	50
	0
	2

	5510
	5509.980
	105
	8
	50
	0
	2
	49
	1
	2

	5550
	5550.000
	106
	16
	50
	1
	3
	50
	1
	3

	5590
	5590.020
	106
	12
	50
	0
	0
	50
	0
	0

	5630
	5629.980
	105
	0
	50
	0
	1
	49
	0
	1

	5670
	5670.000
	106
	8
	50
	0
	2
	50
	0
	2

	5710
	5710.020
	106
	4
	50
	1
	3
	50
	1
	3

	5755
	5755.020
	106
	4
	50
	0
	2
	50
	0
	2

	5795
	5794.980
	105
	16
	50
	0
	2
	49
	1
	2

	5815
	5815.020
	106
	12
	50
	1
	3
	50
	1
	3

	5835
	5835.000
	106
	0
	50
	2
	4
	50
	2
	4

	5875
	5875.020
	106
	20
	50
	0
	0
	50
	0
	0



Table 2-3 CORESET #0 offsets for 60 MHz channels
	nominal carrier center MHz
	channel raster MHz
	Number of RB
	k_SSB
	sub-band 1
	sub-band 2
	sub-band 3

	
	
	
	
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset

	5180
	5179.980
	161
	0
	50
	1
	3
	49
	2
	3
	50
	2
	4

	5200
	5200.020
	162
	20
	50
	1
	3
	50
	1
	3
	50
	1
	3

	5220
	5220.000
	162
	8
	50
	2
	4
	50
	2
	4
	50
	0
	0

	5280
	5280.000
	162
	16
	50
	0
	1
	50
	0
	1
	50
	0
	1

	5300
	5299.980
	161
	16
	50
	0
	1
	49
	0
	1
	50
	0
	2

	5320
	5320.020
	162
	12
	50
	0
	2
	50
	0
	2
	50
	0
	2

	5500
	5500.020
	162
	12
	50
	0
	2
	50
	0
	2
	50
	0
	2

	5520
	5520.000
	162
	0
	50
	1
	3
	50
	1
	3
	50
	1
	3

	5540
	5539.980
	161
	0
	50
	1
	3
	49
	2
	3
	50
	2
	4

	5580
	5580.000
	162
	8
	50
	2
	4
	50
	0
	0
	50
	0
	0

	5600
	5599.980
	161
	8
	50
	0
	0
	49
	0
	0
	50
	0
	1

	5620
	5620.020
	162
	4
	50
	0
	1
	50
	0
	1
	50
	0
	1

	5680
	5680.020
	162
	12
	50
	0
	2
	50
	0
	2
	50
	0
	2

	5700
	5700.000
	162
	0
	50
	1
	3
	50
	1
	3
	50
	1
	3

	5765
	5764.980
	161
	0
	50
	0
	2
	49
	1
	2
	50
	1
	3

	5785
	5785.020
	162
	20
	50
	0
	2
	50
	0
	2
	50
	0
	2

	5805
	5805.000
	162
	8
	50
	1
	3
	50
	1
	3
	50
	1
	3



Table 2-4 CORESET #0 offsets for 80 MHz channels
	nominal carrier center MHz
	channel raster MHz
	Number of RB
	k_SSB
	sub-band 1
	sub-band 2
	sub-band 3
	sub-band 4

	
	
	
	
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset
	# RB
	min RB offset
	max RB offset

	5190
	5190.000
	217
	4
	50
	1
	3
	49
	2
	3
	49
	2
	3
	50
	2
	4

	5210
	5209.980
	216
	4
	49
	2
	3
	49
	2
	3
	50
	2
	4
	49
	0
	0

	5290
	5290.020
	217
	8
	50
	0
	1
	49
	0
	1
	49
	0
	1
	50
	0
	2

	5530
	5530.020
	217
	16
	50
	0
	2
	49
	1
	2
	49
	1
	2
	50
	1
	3

	5610
	5610.000
	217
	12
	50
	0
	0
	49
	0
	0
	49
	0
	0
	50
	0
	1

	5690
	5689.980
	216
	20
	49
	0
	1
	49
	0
	1
	50
	0
	2
	49
	1
	2

	5775
	5775.000
	217
	4
	50
	0
	2
	49
	1
	2
	49
	1
	2
	50
	1
	3

	5795
	5794.980
	216
	4
	49
	1
	2
	49
	1
	2
	50
	1
	3
	49
	2
	3

	5855
	5854.980
	216
	12
	49
	2
	3
	49
	2
	3
	50
	0
	0
	49
	0
	0



3 Future Compatibility
Since GSCN is defined as 4 RBs in term of 30 kHz, theoretically, 4 offsets should be sufficient by performing a proper synchronization rater design and channel raster design. 

Observation 3: Four CORESET#0 offsets are sufficient for any band. 

4 Indication of Q
Based on the above discussion, the validation of offline proposals is clear. 

Based on Observation 1-1 and 1-2, k_SSB is always a multiple of 4, for cell-defining SS/PBCH block, hence, using 2 LSB of ssb-SubcarrierOffset can be reused for other purpose.  

Based on Observation 1-3 and 2-3, two CORESET #0 offsets are sufficient, and offsets as (0, 2) is more robust to RAN4’s decision on intra-band guard-band value. 

Based on Observation 3, 4 CORESET #0 offsets are sufficient for future compatibility. 

Offline proposal for Q indication in MIB:
· If supporting more than 4 CORESET #0 offsets, 2 LSBs of ssb-SubcarrierOffset can be used;
· If supporting no more than 2 CORESET #0 offsets, 2 bits of ControlResourceSetZero can be used;
· Else, 1 bit of ControlResourceSetZero combined with 1 bit of subCarrerSpacingCommon can be used.






Based on the above analysis, either offline proposal can work, and hence, we have the following proposal. 

Proposal: Support CORESET #0 offsets as (0, 2) for 30 kHz SCS, and further down-select one from the following take into future compatibility into account:
· Alt 1: Use 2 bits of ControlResourceSetZero to indicate Q;
· Alt 2: Reserve 1 bit in ControlResourceSetZero, and use 1 bit of ControlResourceSetZero combined with 1 bit of subCarrerSpacingCommon to indicate Q;
· Alt 3: Reserve 2 bits in ControlResourceSetZero, and use 2 LSBs of ssb-SubcarrierOffset to indicate Q.
5 Conclusion
Observations and proposal are summarized as follow. 

Observation 1-1: k_SSB only takes values from {0, 4, 8, 12, 16, 20}.

Observation 1-2: At least 50 RBs can be available within each LBT bandwidth. 

Observation 1-3: Two offsets are sufficient for guaranteeing at least one CORESET #0 with 48 RBs can fit into the available RBs within each LBT bandwidth, and the two offsets can be selected as (0, 2) or (0, 3). 

Observation 2-1: k_SSB only takes values from {0, 4, 8, 12, 16, 20}.

Observation 2-2: At least 49 RBs can be available within each LBT bandwidth. 

Observation 2-3: Two offsets are sufficient for guaranteeing at least one CORESET #0 with 48 RBs can fit into the available RBs within each LBT bandwidth, and the two offsets can be (0, 2).  

Observation 3: Four CORESET#0 offsets are sufficient for any band. 

Proposal: Support CORESET #0 offsets as (0, 2) for 30 kHz SCS, and further down-select one from the following take into future compatibility into account:
· Alt 1: Use 2 bits of ControlResourceSetZero to indicate Q;
· Alt 2: Reserve 1 bit in ControlResourceSetZero, and use 1 bit of ControlResourceSetZero combined with 1 bit of subCarrerSpacingCommon to indicate Q;
· Alt 3: Reserve 2 bits in ControlResourceSetZero, and use 2 LSBs of ssb-SubcarrierOffset to indicate Q.
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