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1 Introduction
Channel raster for all bands are already agreed in RAN4 in previous meetings. In this contribution, we discuss NR ARFCN for these bands.
2 Discussion
LTE DL&UL EARFCN is needed to be signalled in many places, following just gives some examples:
1. Adding Scell: the DL carrier frequency of Scell should be informed to UE.
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2. Configuring measurement object: the DL carrier frequency of the cell to be measured should be informed to UE.
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3. Configuring UL transmission: UL EARFCN is informed to UE. 
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For NR, whether this DL/UL ARFCN is still needed and whether some of them can be replaced need further study. The DL/UL ARFCN plays the role of position of a carrier and in NR, this kind of position has some changes according to RAN1 agreements as below:
	 Agreements:

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI

· For Scell, the reference location is the frequency location indicated in the SCell configuration

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.

· The range of offset values should be >276*4, with the detailed values FFS


DL ARFCN

According to the first bullet, DL PRB in Pcell can be positioned through SSB (Synchronization signal block). The absolute frequency of SSB is obtained by initial cell search by UE.
According to the third bullet, DL PRB in Scell can be positioned through the frequency location indicated in the SCell configuration. However, what kind of the frequency location should be indicated in the SCell, the carrier frequency of the SCell determined by the channel raster or the SSB frequency in the PCell or SCell determined by the synchronization raster? 
Option 1: the carrier frequency of the SCell determined by the channel raster

· As the channel raster is very small in some bands, so the range of DL ARFCN will be very large;

Option 2: the SSB frequency in the PCell or SCell determined by the synchronization raster 
· As the synchronization raster is sparser, so the range of DL ARFCN will be limited;
· If the SCell has no SSB, then it requires the distance between PRB0 and SSB in PCell within the range of offset values (>276*4 with the detail values FFS).

Proposal 1: DL ARFCN is determined by above two options.
UL ARFCN
According to the second bullet, UL PRB in PCell can be positioned through the frequency location of the UL indicated in the RMSI. For unpaired bands, since the reference location for UL is the same with the DL, so it can be default and use the SSB frequency as a reference location. But for paired bands, we don’t have the SSB as a reference; the frequency location should be the carrier frequency of the UL determined by the channel raster.
For the bands with fixed TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation specified in TS 36.101, this IE may be optional and UL reference location can be obtained through DL SSB frequency plus TX-RX separation. However, in some cases, this method cannot be used because the TX-RX separation is not always fixed:
1. The bands with different DL and UL band width, e.g. Band n66, Band n70;

2. The bands with different DL and UL channel bandwidth;
3. The band combination with SUL, which has flexible duplex distance [1].
Proposal 2: UL ARFCN is determined by carrier frequency (determined by the channel raster) for paired bands and SUL bands. For unpaired bands, UL ARFCN is equal to DL ARFCN.
Table 2 below gives an option of NR ARFCN which we think is easy to understand. Other options to number the carrier for each band are not excluded.

· NR DL ARFCN is numbered from 0 to 18000 and continued regardless of the FDD or TDD bands;

· It is FFS for the LTE bands for which the band number are reserved for NR but have not decided to be refarmed now.

· NR UL ARFCN is numbered from 18000 to TBD [65535 as a tentative] for FDD bands and SUL bands and for TDD bands, UL ARFCN reuse the DL ARFCN;

· LTE UL EARFCN is reused as much as possible and the new numbering of all LTE bands is listed in the Annex.
· NR UL/DL ARFCN for mmWave bands is numbered from 65536.

Table 2: NR ARFCN
	NR Operating

Band
	Downlink
	Uplink
	Note

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

	n1
	2110
	0
	0 – xxx
	1920
	18000
	18000 – 18599
	Same as LTE

	n2
	1930
	xxx
	xxxxxx
	1850
	18600
	18600 – 19199
	Same as LTE

	n3
	1805
	xxx
	xxxxxx
	1710
	19200
	19200 – 19949
	Same as LTE

	n5
	869
	xxx
	xxxxxx
	824
	20400
	20400 – 20649
	Same as LTE

	n7
	2620
	xxx
	xxxxxx
	2500
	20750
	20750 – 21449
	Same as LTE

	n8
	925
	xxx
	xxxxxx
	880
	21450
	21450 – 21799
	Same as LTE

	n20
	791
	xxx
	xxxxxx
	832
	24150
	24150 – 24449
	Same as LTE

	n28
	758
	xxx
	xxxxxx
	703
	27210
	27210 – 27659
	Same as LTE

	n38
	2570
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n41
	2496
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n50
	1432
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n51
	1427
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n66
	2110
	xxx
	xxxxxx
	1710
	28800
	28800 – 29499
	Continue with LTE B31 and reserve for LTE B65

	n70
	1995
	xxx
	xxxxxx
	1695
	29800
	29800 - 29949
	reserve for LTE B67~B69

	n71
	617
	xxx
	xxxxxx
	663
	29950
	29950 - 30299
	

	n74
	1475
	xxx
	xxxxxx
	1427
	30350
	30350 - 30779
	reserve for LTE B72~B73

	n75
	1432
	xxx
	xxxxxx
	N/A
	

	n76
	1427
	xxx
	xxxxxx
	N/A
	

	n77
	3300
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n78
	3300
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n79
	4400
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n80
	N/A
	1710
	30780
	30780 - 31529
	Continued with Band n74

	n81
	N/A
	880
	31530
	31530 - 31879
	

	n82
	N/A
	832
	31880
	31880 - 32179
	

	n83
	N/A
	703
	32180
	32180 - 32629
	

	n84
	N/A
	1920
	32630
	32630 - 33229
	

	n85
	N/A
	2496
	33230
	33230 - 35169
	


	n257
	26.5
	65536
	65536xxx
	Same as DL ARFCN
	Start from 65536

	n258
	24.25
	xxx
	xxxxxx
	Same as DL ARFCN
	

	n260
	37
	xxx
	xxxxxx
	Same as DL ARFCN
	


3 Conclusion

This contribution discusses the NR ARFCN for and concludes that:

Proposal 1: DL ARFCN is determined by two options.
Option 1: the carrier frequency of the SCell determined by the channel raster

Option 2: the SSB frequency in the PCell or SCell determined by the synchronization raster
Proposal 2: UL ARFCN is determined by carrier frequency (determined by the channel raster) for paired bands and SUL bands. For unpaired bands, UL ARFCN is equal to DL ARFCN.
Proposal 3: Table 2 is proposed to be adopted for UL ARFCN.
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5 Annex

Table Annex-1: New Channel numbers for all bands
	E-UTRA Operating

Band
	Downlink
	Uplink

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

	1
	2110
	0
	0 – xxx
	1920
	18000
	18000 – 18599

	2
	1930
	xxx
	xxxxxx
	1850
	18600
	18600 – 19199

	3
	1805
	xxx
	xxxxxx
	1710
	19200
	19200 – 19949

	4
	2110
	xxx
	xxxxxx
	1710
	19950
	19950 – 20399

	5
	869
	xxx
	xxxxxx
	824
	20400
	20400 – 20649

	6
	875
	xxx
	xxxxxx
	830
	20650
	20650 – 20749

	7
	2620
	xxx
	xxxxxx
	2500
	20750
	20750 – 21449

	8
	925
	xxx
	xxxxxx
	880
	21450
	21450 – 21799

	9
	1844.9
	xxx
	xxxxxx
	1749.9
	21800
	21800 – 22149

	10
	2110
	xxx
	xxxxxx
	1710
	22150
	22150 – 22749

	11
	1475.9
	xxx
	xxxxxx
	1427.9
	22750
	22750 – 22949

	12
	729
	xxx
	xxxxxx
	699
	23010
	23010 – 23179

	13
	746
	xxx
	xxxxxx
	777
	23180
	23180 – 23279

	14
	758
	xxx
	xxxxxx
	788
	23280
	23280 – 23379

	…
	
	xxx
	xxxxxx
	
	
	

	17
	734
	xxx
	xxxxxx
	704
	23730
	23730 – 23849

	18
	860
	xxx
	xxxxxx
	815
	23850
	23850 – 23999

	19
	875
	xxx
	xxxxxx
	830
	24000
	24000 – 24149

	20
	791
	xxx
	xxxxxx
	832
	24150
	24150 – 24449

	21
	1495.9
	xxx
	xxxxxx
	1447.9
	24450
	24450 – 24599

	22
	3510
	xxx
	xxxxxx
	3410
	24600
	24600 – 25399

	23
	2180
	xxx
	xxxxxx
	2000
	25500
	25500 – 25699

	24
	1525
	xxx
	xxxxxx
	1626.5
	25700
	25700 – 26039

	25
	1930
	xxx
	xxxxxx
	1850
	26040
	26040 – 26689

	26
	859
	xxx
	xxxxxx
	814
	26690
	26690 – 27039

	27
	852
	xxx
	xxxxxx
	807
	27040
	27040 – 27209

	28
	758
	xxx
	xxxxxx
	703
	27210
	27210 – 27659

	292
	717
	xxx
	xxxxxx
	N/A

	30
	2350
	xxx
	xxxxxx
	2305
	27660
	27660 – 27759

	31
	462.5
	xxx
	xxxxxx
	452.5
	27760
	27760 – 27809

	322
	1452
	xxx
	xxxxxx
	N/A

	33
	1900
	xxx
	xxxxxx
	1900
	xxx
	xxxxxx

	34
	2010
	xxx
	xxxxxx
	2010
	xxx
	xxxxxx

	35
	1850
	xxx
	xxxxxx
	1850
	xxx
	xxxxxx

	36
	1930
	xxx
	xxxxxx
	1930
	xxx
	xxxxxx

	37
	1910
	xxx
	xxxxxx
	1910
	xxx
	xxxxxx

	38
	2570
	xxx
	xxxxxx
	2570
	xxx
	xxxxxx

	39
	1880
	xxx
	xxxxxx
	1880
	xxx
	xxxxxx

	40
	2300
	xxx
	xxxxxx
	2300
	xxx
	xxxxxx

	41
	2496
	xxx
	xxxxxx
	2496
	xxx
	xxxxxx

	42
	3400
	xxx
	xxxxxx
	3400
	xxx
	xxxxxx

	43
	3600
	xxx
	xxxxxx
	3600
	xxx
	xxxxxx

	44
	703
	xxx
	xxxxxx
	703
	xxx
	xxxxxx

	45
	1447
	xxx
	xxxxxx
	1447
	xxx
	xxxxxx

	46
	5150
	xxx
	xxxxxx
	5150
	xxx
	xxxxxx

	47
	5855
	xxx
	xxxxxx
	5855
	xxx
	xxxxxx

	48
	3550
	xxx
	xxxxxx
	3550
	xxx
	xxxxxx

	50
	1432
	xxx
	xxxxxx
	1432
	xxx
	xxxxxx

	51
	1427
	xxx
	xxxxxx
	1427
	xxx
	xxxxxx

	…
	
	
	
	
	
	

	64
	Reserved

	65
	2110
	xxx
	xxxxxx
	1920
	27900
	27900 – 28799

	665
	2110
	xxx
	xxxxxx
	1710
	28800
	28800 – 29499

	672
	738
	xxx
	xxxxxx
	N/A

	68
	753
	xxx
	xxxxxx
	698
	29500
	29500 - 29799

	692
	2570
	xxx
	xxxxxx
	N/A

	706
	1995
	xxx
	xxxxxx
	1695
	29800
	29800 - 29949

	71
	617
	xxx
	xxxxxx
	663
	29950
	29950 - 30299

	72
	461
	xxx
	xxxxxx
	451
	30300
	30300 - 30349

	74
	1475
	xxx
	xxxxxx
	1427
	30350
	30350 - 30779

	752
	1432
	xxx
	xxxxxx
	N/A

	762
	1427
	xxx
	xxxxxx
	N/A
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