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Summary

This contribution discusses NR channel raster for both FR1 and FR2.

1
Introduction
NR channel raster and synchronization signal (SS) raster were discussed in the past RAN4 meetings. A WF was agreed in the Dubrovnik meeting [1]. This contribution provides our views on the NR channel raster for both FR1 and FR2.
2
Discussion
The agreements on channel raster in the WF is reproduced below [1].
a. Band n41 raster
· Adopt SCS based raster for Band n41 
· Band n85 (SUL band covering the same frequency range as n41) will use the channel raster defined for SUL bands which is FFS
a. 100kHz Based Raster

· Raster entries are given by the following equation for each band

· Lower band edge(MHz)+ N*0.1MHz, N chosen such that last entry is at Upper band

· Raster to subcarrier position mapping

· Raster points to the center of the channel 

· SC#0 of RB# NRB/2 for even number of RBs

· SC#6 of RB# floor(NRB/2)for odd number of RBs

b. SCS Based Raster

· Raster will be based on absolute frequency values

· The raster positions will be integer multiples of 15kHz for sub6 bands

· The raster positions will be integer multiples of 60kHz for mmWave range bands

· Options for numbering of the raster entries:

· Raster entries are band specific

· Raster entries are indexed from 0kHz

· Raster to subcarrier position mapping

· Raster points to the center of the channel 

· SC#0 of RB# NRB/2 for even number of RBs

· SC#6 of RB# floor(NRB/2)for odd number of RBs

a. RB/Subcarrier location with multiple numerologies
i. How the UE determines the RB placement for different numerologies is FFS

RAN1 has confirmed that the entire SS/PBCH block can be offset from the resource block grid [2], which is the “floating sync” concept. RAN1 has two agreements on subcarrier grid alignment and RB grid alignment in NR [3], which are relevant to channel raster design and are re-produced below.

· Subcarrier grid in NR is Alt.1, i.e., “Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.”

· In one carrier when multiple numerologies are time domain multiplexed,

· RBs for different numerologies are located on a fixed grid relative to each other

· For subcarrier spacing of 2n * 15kHz, the RB grids are defined as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain

2.1
Channel raster locations for 100kHz based raster

For 100kHz based channel raster, it was agreed to use the following equation to define its entries.

· Lower band edge(MHz)+ N*0.1MHz, N chosen such that last entry is at Upper band

So, in the spec, we propose to use similar approach as the existing LTE spec.

For DL and UL, we can use these two equations, respectively.


FDL = FDL_low + 0.1(NDL – NOffs-DL)


FUL = FUL_low + 0.1(NUL – NOffs-UL)

For channel numbers, it is proposed to use the following table. Those are not used in NR at this moment are crossed out. This approach leaves the room for the other bands which may be re-farmed to NR bands in the future.
Table 1: NR channel numbers for frequency range 1 (100kHz based)
	NR Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	n1
	2110
	0
	0 – 599
	1920
	18000
	18000 – 18599

	n2
	1930
	600
	6001199
	1850
	18600
	18600 – 19199

	n3
	1805
	1200
	1200 – 1949
	1710
	19200
	19200 – 19949

	4
	2110
	1950
	1950 – 2399
	1710
	19950
	19950 – 20399

	n5
	869
	2400
	2400 – 2649
	824
	20400
	20400 – 20649

	6
	875
	2650
	2650 – 2749
	830
	20650
	20650 – 20749

	n7
	2620
	2750
	2750 – 3449
	2500
	20750
	20750 – 21449

	n8
	925
	3450
	3450 – 3799
	880
	21450
	21450 – 21799

	9
	1844.9
	3800
	3800 – 4149
	1749.9
	21800
	21800 – 22149

	10
	2110
	4150
	4150 – 4749
	1710
	22150
	22150 – 22749

	11
	1475.9
	4750
	4750 – 4949
	1427.9
	22750
	22750 – 22949

	12
	729
	5010
	5010 – 5179
	699
	23010
	23010 – 23179

	13
	746
	5180
	5180 – 5279
	777
	23180
	23180 – 23279

	14
	758
	5280
	5280 – 5379
	788
	23280
	23280 – 23379

	…
	
	
	
	
	
	

	17
	734
	5730
	5730 – 5849
	704
	23730
	23730 – 23849

	18
	860
	5850
	5850 – 5999
	815
	23850
	23850 – 23999

	19
	875
	6000
	6000 – 6149
	830
	24000
	24000 – 24149

	n20
	791
	6150
	6150 – 6449
	832
	24150
	24150 – 24449

	21
	1495.9
	6450
	6450 – 6599
	1447.9
	24450
	24450 – 24599

	22
	3510
	6600
	6600 – 7399
	3410
	24600
	24600 – 25399

	23
	2180
	7500
	7500 – 7699
	2000
	25500
	25500 – 25699

	24
	1525
	7700
	7700 – 8039
	1626.5
	25700
	25700 – 26039

	25
	1930
	8040
	8040 – 8689
	1850
	26040
	26040 – 26689

	26
	859
	8690
	8690 – 9039
	814
	26690
	26690 – 27039

	27
	852
	9040
	9040 – 9209
	807
	27040
	27040 – 27209

	n28
	758
	9210
	9210 – 9659
	703
	27210
	27210 – 27659

	29
	717
	9660
	9660 – 9769
	N/A

	30
	2350
	9770
	9770 – 9869
	2305
	27660
	27660 – 27759

	31
	462.5
	9870
	9870 – 9919
	452.5
	27760
	27760 – 27809

	32
	1452
	9920
	9920 – 10359
	N/A

	33
	1900
	36000
	36000 – 36199 
	1900
	36000
	36000 – 36199

	34
	2010
	36200
	36200 – 36349
	2010
	36200
	36200 – 36349 

	35
	1850
	36350
	36350 – 36949
	1850
	36350
	36350 – 36949

	36
	1930
	36950
	36950 – 37549
	1930
	36950
	36950 – 37549

	37
	1910
	37550
	37550 – 37749
	1910
	37550
	37550 – 37749

	38
	2570
	37750
	37750 – 38249
	2570
	37750
	37750 – 38249

	39
	1880
	38250
	38250 – 38649
	1880
	38250
	38250 – 38649

	40
	2300
	38650
	38650 – 39649
	2300
	38650
	38650 – 39649

	41
	2496
	39650
	39650 –41589
	2496
	39650
	39650 –41589

	42
	3400
	41590
	41590 – 43589
	3400
	41590
	41590 – 43589

	43
	3600
	43590
	43590 – 45589
	3600
	43590
	43590 – 45589

	44
	703
	45590
	45590 – 46589
	703
	45590
	45590 – 46589

	45
	1447
	46590
	46590 – 46789
	1447
	46590
	46590 – 46789

	46
	5150
	46790
	46790 – 54539
	5150
	46790
	46790 – 54539

	47
	5855
	54540
	54540 - 55239
	5855
	54540
	54540 – 55239

	48
	3550
	55240
	55240 – 56739
	3550
	55240
	55240 – 56739

	n50
	1432
	58240
	58240 - 59089
	1432
	58240
	58240 - 59089

	n51
	1427
	59090
	59090 - 59139
	1427
	59090
	59090 - 59139

	…
	
	
	
	
	
	

	64
	Reserved

	65
	2110
	65536
	65536 – 66435
	1920
	131072
	131072 – 131971

	66
	2110
	66436
	66436 – 67335
	1710
	131972
	131972 – 132671

	67
	738
	67336
	67336 – 67535
	N/A

	68
	753
	67536
	67536 - 67835
	698
	132672
	132672 - 132971

	69
	2570
	67836
	67836 - 68335
	N/A

	n70
	1995
	68336
	68336 - 68585
	1695
	132972
	132972 - 133121

	n71
	617
	68586
	68586 - 68935
	663
	133122
	133122 - 133471

	72
	461
	68936
	68936 - 68985
	451
	133472
	133472 - 133521

	n74
	1475
	69036
	69036 - 69465
	1427
	133572
	133572 - 134001

	n75
	1432
	69466
	69466 - 70315
	N/A

	n76
	1427
	70316
	70316 - 70365
	N/A

	Note: 


Proposal 1: To use the above equations and table in Section 2.1 to capture the 100kHz based channel raster entries for various NR bands.
2.2
Channel raster locations for SCS based raster for FR1
In the WF, there are two options. We propose to choose the second option, which uses 0KHz as the starting point. The channel raster for FR1 is agreed to be 15kHz. The following equations give the channel raster locations, in MHz.
FDL = 0.015 × NDL
FUL = 0.015 × NUL
The first and last available channel raster locations for a band are given by the following equations. The “2” in the equations take care of the RAN1 agreement. Based on the RAN1 agreement, for FR1, subcarrier 0 of three different SCS (15kHz, 30kHz, and 60kHz) are aligned.

NDLstart = ceil(FDL_low/15) + 2
NDLend = floor(FDL_high/15) - 2
NULstart = ceil(FUL_low/15) + 2
NULend = floor(FUL_high/15) - 2
Table 2: NR channel numbers for FR1 (SCS based)
	NR bands
	Downlink
	Uplink

	
	Frequency range
	NDL range
	Frequency range
	NUL range

	n41
	2496 – 2690 MHz
	166402 – 179331
	2496 – 2690 MHz
	166402 – 179331

	n77
	3300 – 4200 MHz
	220002 – 279998
	3300 – 4200 MHz
	220002 – 279998

	n78
	3300 – 3800 MHz
	220002 – 253331
	3300 – 3800 MHz
	220002 – 253331

	n79
	4400 – 5000 MHz
	293336 – 333331
	4400 – 5000 MHz
	293336 – 333331


Proposal 2: To use the above equations and table in Section 2.2 to capture the SCS based channel raster entries for various NR bands in FR1.
2.3
Channel raster locations for SCS based raster for FR2

Similar to FR1, we propose to choose the second option, which uses 0KHz as the starting point. The channel raster for FR2 is agreed to be 60kHz. The following equations give the channel raster locations, in MHz.
FDL = 0.06 × NDL
FUL = 0.06 × NUL
The first and last available channel raster locations for a band are given by the following equations. The “1” in the equations takes care of the RAN1 agreement. Based on the RAN1 agreement, for FR2, subcarrier 0 of two different SCS (60kHz and 120kHz) are aligned.

NDLstart = ceil(FDL_low/60) + 1
NDLend = floor(FDL_high/60) - 1
NULstart = ceil(FUL_low/60) + 1
NULend = floor(FUL_high/60) - 1
Table 3: NR channel numbers for FR2 (SCS based)
	NR bands
	Downlink
	Uplink

	
	Frequency range
	NDL range
	Frequency range
	NUL range

	n257
	26500 – 29500 MHz
	441668 – 491665
	26500 – 29500 MHz
	441668 – 491665

	n258
	24250 – 27500 MHz
	404168 – 458332
	24250 – 27500 MHz
	404168 – 458332

	n260
	37000 – 40000 MHz
	616668 – 666665
	37000 – 40000 MHz
	616668 – 666665


Proposal 3: To use the above equations and table in Section 2.3 to capture the SCS based channel raster entries for various NR bands in FR2.
3
Conclusions

This contribution provides calculations of channel raster entries for both FR1 and FR2, and makes the following proposals.
Proposal 1: To use the above equations and table in Section 2.1 to capture the 100kHz based channel raster entries for various NR bands.
Proposal 2: To use the above equations and table in Section 2.2 to capture the SCS based channel raster entries for various NR bands in FR1.
Proposal 3: To use the above equations and table in Section 2.3 to capture the SCS based channel raster entries for various NR bands in FR2.
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