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1 Background 
Channel arrangements and raster were discussed in previous RAN4 meetings and agreements have been made step-by-step through numerous way-forward agreements [1-4]. There are now sufficient agreements in place to establish an NR channel raster and numbering scheme.
This paper makes concrete proposals for detailed channel raster in all bands, including all parameters needed to define channel numbers. 
2 Status of channel raster agreements
Previously it was agreed [3] to have a 100 kHz based raster for LTE re-farming bands up to 2.6 GHz excluding band n41 and an SCS based raster above 2.6 GHz and in band n41. In the most recent Way Forward from RAN4 #84 in Dubrovnik [4], the following was agreed:

For the 100 kHz 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
For the SCS-based raster:

· Raster will be based on absolute frequency values

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

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

· Options for numbering of the raster entries:

· Raster entries are band specific

· Raster entries are indexed from 0 kHz

· 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
On band n41:

· 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
Open issues:
· RB/Subcarrier location with multiple numerologies: How the UE determines the RB placement for different numerologies is FFS
While the agreements in [1] to [4] set the framework for the NR channel raster and numbering, the following additional points need decisions:
1. Whether the channel raster entries should be band specific or generic for all bands

2. How the channel raster entries are numbered

3 Choosing a band specific or generic scheme
The concept of referring to a carrier frequency in UTRA and LTE is based on a channel raster defining possible carrier centre frequencies and a numbering scheme that identifies the raster points. In LTE there are EARFCN (E-UTRA Absolute Radio Frequency Channel Number) for all possible uplink and downlink frequencies. The numbers are mapped to the corresponding UL and DL carrier frequencies through formulas in the specifications (TS 36.101 and TS 36.104). The possible EARFCN ranges for each E-UTRA operating band are tabulated together with the parameters for the formula. The resulting RF channel raster identifies all possible RF carrier centre frequencies.

For NR, the 100 kHz and SCS based rasters will also require raster definitions in the 3GPP specifications. A major difference to LTE case is that there will be a need for substantially larger set of raster entries and channel numbers, because of the higher granularity SCS based raster and the much wider frequency bands.

100 kHz based raster:

Many legacy LTE bands are already identified for NR. The number of points needed can be estimated from the total width of the potential frequency bands. The total bandwidth (downlink FDD +TDD) is ~1800 MHz for all present LTE bands up to 2.6 GHz. For a 100 kHz raster, that would require 18 000 raster entries.
For comparison, a generic numbering of all potential raster entries from 0 to 2 600 MHz would require 26 000 raster entries.,

OBSERVATION 1: For the 100 kHz based raster up to 2.6 GHz, there is no substantial difference in terms of number of raster entries between a band specific and a generic scheme (18 000 vs 26 000).

SCS based raster:

The SCS based raster would have to cover all frequencies where there are potential NR bands. Presently, this includes FR1 and FR2:

· In FR1, the total bandwidth (downlink FDD + TDD) is ~3800 MHz for all NR and LTE bands above 2.6 GHz (including band n41). With the agreed 15 kHz raster spacing, this would require 250 000 raster entries.
· In FR2, the total bandwidth of all bands identified by the ITU-R is 19.25 GHz. With the agreed 60 kHz raster spacing, this would require 320 000 raster entries, assuming that no overlapping bands would be defined.
Existing and potential bands in FR1 and FR2 would as a whole thus require 570 000 raster entries.

For comparison, a generic numbering of the complete FR1 (0 to 6 Ghz) at 15 kHz spacing, plus FR2 (24.25 to 52.6 Ghz) at 60 kHz spacing, would require ~870 000 points.

OBSERVATION 2: For the SCS based raster in FR1 and FR2, there is no substantial difference in terms of number of raster entries between a band specific and a generic scheme (570 000 vs 870 000).

In addition to the existing bands, signalling space should be reserved for future bands in existing and other frequency ranges (outside FR1 and FR2). With a generic raster scheme, the channel number range will by default cover all existing and future bands within the desired frequency range, including any new bands overlapping with old bands.

OBSERVATION 3: A major advantage of the generic channel raster scheme is that it is future proof for any new bands added within the frequency ranges covered.
With a band specific channel raster scheme, the band identity (number) is implicit through the channel number. This is the case for a generic channel raster scheme only in case of bands that do not overlap. In case of overlapping bands, the band identity may need to be explicitly signalled in addition to the channel number, if it is needed. Since the number of overlapping bands are quite few however, the band information can be minimized to refer only to the overlapping bands in question for that channel number.
OBSERVATION 4: A band specific channel raster scheme has the band identity implicit in the channel number. For a generic channel raster scheme, separate system information will be needed to explicitly separate overlapping bands. 
To summarize:

· Observations 1 and 2 show that the amount of signalling needed for the two schemes is not a decisive factor. With new bands added in the future, the difference will be even less, if any.
· Observation 3 shows that a generic scheme is clearly more future proof.

· Observation 4 identifies that the generic scheme may in addition to the channel number need a way of identifying the band, in case bands are overlapping. Such information is planned to be included in the RMSI.
The overall conclusion is that the generic channel raster scheme has substantial advantages in being future proof. It is also a simpler concept to describe and implement.

PROPOSAL 1: A generic channel raster scheme should be chosen for NR, numbering all frequencies in FR1 and FR2 for the channel rasters cases agreed. Signaling space should be reserved to cover all frequencies up to the maximum frequency potentially identified by the ITU-R.

4 Channel numbering in FR1 and FR2
In LTE the channel numbers are called EARFCN (E-UTRA Absolute Radio Frequency Channel Number). A similar concept is needed to number all raster entries for NR. The numbering is also here absolute, so a suitable acronym for the numbers would be GARFCN (next Generation Absolute Radio Frequency Channel Number).
With the choice of a generic cannel raster scheme, we need to reserve channel numbers for present and future bands within FR1 and FR2. The following is needed (with some margin included):
· FR1: Raster entries at 100 kHz spacing from 0 to 3000 MHz:
30 000 entries

· FR1: Raster entries at 15 kHz spacing from 0 to 6000 MHz:
400 000 entries

· FR2: Raster entries at 60 kHz spacing from 24.25 to 52.6 GHz:
472 500 entries
A total of 900 000 entries would require 20 bits for signaling. It would however make sense to provide room for band additions beyond Rel-15 in other frequency ranges:
· 52.6-86 GHz: Raster entries at 60 kHz spacing
557 000 entries
· 8-24 GHz: Raster entries at 15 kHz (“worst case”)
1 200 000 entries

Together with FR1 and FR2, this gives a need for ~2.6 million channel numbers and could be covered by 22 bits with substantial margin.
The GARFCN can be defined using an equation in a way similar to LTE, but with a generic approach. The same equation can be used for both uplink and downlink numbers:


F = Flow + ΔFCH,raster (NDL – NOffs)
(1)
Based on the equation above and the conclusion on needed raster entries in FR1 and FR2, the GARFCN in Table 1 are proposed for NR.

Table 1: NR channel numbers (GARFCN)

	Frequency range
	Range covered by raster entries
	ΔFCH,raster
	Flow [MHz]
	NOffs
	Range of NDL

	FR1
	0 – 3000 MHz
	100 kHz
	0 MHz
	0
	0 – 29999

	FR1
	0 – 6000 MHz
	15 kHz
	0 MHz
	30000
	30000 – 429999

	FR2
	24.25 – 52.6 GHz
	60 kHz
	24250 MHz
	430000
	430000 – 902499


PROPOSAL 2: NR channel numbers are defined using equation (1) and the parameters in Table 1 for FR1 and FR2.

5 Proposal
The following is proposed:
PROPOSAL 1: A generic channel raster scheme should be chosen for NR, numbering all frequencies in FR1 and FR2 for the channel rasters cases agreed. Signaling space should be reserved to cover all frequencies up to the maximum frequency potentially identified by the ITU-R.

PROPOSAL 2: NR channel numbers are defined using equation (1) and the parameters in Table 1 for FR1 and FR2.
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