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1 Background 
A first discussion of channel arrangements took place at the NR AH in Spokane, where the contribution in [1] makes observations on the number of channel numbers needed and how they relate to the subcarrier spacing. Another contribution [2] introduces the concept of “synchronization signal frequency raster”, which would be more sparse than the actual channel raster. No proposals were agreed.
This contribution continues the discussion and looks briefly at band numbering, as well as channel numbering and raster, and makes some first observations and proposals.
2 Band numbering 
The existing band numbering used for UTRA and E-UTRA has been developed and expanded continuously to cover a range of frequency bands for all regions of the world. There is today a total of 54 bands in the 3GPP specifications, of which 38 are paired bands and 16 are unpaired bands. 4 of the paired bands are supplementary downlink (SDL) bands that are restricted to E-UTRA Carrier Aggregation.
The existing E-UTRA band numbers (2016-12 version of the specs) are:

Bands 1-32:

Paired bands (including 2 SDL bands)

Bands 33-48:
Unpaired bands

Bands 65-70:
Paired bands (including 2 SDL bands)

Many of the above bands are also in the UTRA specifications, but then use Roman numerals for the band numbering. For the MSR BS specification, band numbers are fully aligned with the LTE numbers and apply to E-UTRA, UTRA and GSM/EDGE operation.
Some observations can be made here:

OBSERVATION 1: Band numbers for E-UTRA and UTRA are common and fully aligned, and they are also used in the MSR BS specification for all existing RATs.

OBSERVATION 2: NR will be implemented in many existing bands and will also be in the MSR specifications, which today uses LTE band numbering.
This all points at the conclusion that for legacy bands, which in principle means bands below 6 GHz, the band numbering for NR should be the same as for E-UTRA.
PROPOSAL 1: Bands for NR that are identical to existing bands should use the same band numbers as E-UTRA.

In general, there does not seem to be any real need to introduce a new band numbering scheme for NR. If NR in existing bands can use the same numbering scheme as LTE, NR in new bands could do that as well. Any new band for NR introduced below 6 GHz could fit into existing numbering sequences. New bands above 6 GHz could be assigned in a new range within the existing band number plan. It is expected that new bands in the mmWave range will be unpaired, but this does not exclude new paired bands being defined as well.
Band numbering has been extended from 64 to 128 bands, of which very few above 64 are presently used. New NR bands above 6 GHz could be placed in the upper quarter of the available numbers (97 to 128).
PROPOSAL 2: NR bands above 6 GHz should use a separate range of band numbers, for example Bands 97…128 (upper ¼ of available numbers).

With this proposal, the overall band numbers would look as follows for all RATs:
Bands 1-32:

Paired bands below 6 GHz (including SDL)

Bands 33-64:
Unpaired bands below 6 GHz)

Bands 64-95:
Paired bands below 6 GHz (including SDL)

Bands 97-128:
Bands above 6 GHz.

3 Channel numbering 

The discussion of channel numbering has just started [1,2] and it is not possible to take any firm decisions before the RAN1 scheme is determined. Some interesting areas for study can however be identified.

In E-UTRA (and UTRA), a fixed channel raster is defined for each operating band. In E-UTRA, there are possible RF carrier positions on a 100 kHz raster, giving many possible RF carrier positions for the UE to search for. The channel numbers are identified through an EARCN (E-UTRA Absolute RF Channel Number).

In [1], the channel raster is discussed in the context of how the channel raster is defined in LTE, where the channel raster is not conditioned on the subcarrier raster or the resource block size. The channel raster is thus on a 100 kHz spacing, which is not a multiple of 15 kHz. It should be noted however that because of the raster not being a multiple of the subcarrier raster, there had to be a condition introduced for Carrier aggregation, where the channel spacing between adjacent component E-UTRA carriers must be a multiple of 300 kHz (lowest common multiple of 15 kHz and 100 kHz). An observation is also made in [1] that a channel raster with small spacing in combination with large (and many possible) carrier bandwidths increases the search time.

In [2], a scheme for synchronization signals in NR is presented, which is based on the RAN1 working assumption that for NR, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier. This opens up the possibility to have a synchronization signal raster that is more sparse than the channel raster defining the possible RF carrier positions, if some conditions are put on the placement and bandwidth of the synchronization channel:

· A minimum RF channel bandwidth must be defined for each operating band.
· The bandwidth of the synchronization channel must be smaller than half of the RF channel bandwidth.

· The synchronization signal frequency raster must be an integer multiple of data subcarrier spacing
With these conditions, there will always be one complete synchronization channel contained inside the RF channel, regardless of where the RF channel is placed. An obvious advantage with such a scheme is that the UE search time can be reduced, since the sync channel raster is more sparse than the usual channel raster. The restrictions imposed above will however need more study from both a RAN1 and RAN4 point-of-view.

While many issues are left to solve in this area it is proposed to agree on a common set of study points for a proposal where a synch channel raster is defined separately from the RF channel raster.
PROPOSAL 3: The possibility of having a synchronization channel raster that is more sparse than the channel raster should be studied further, considering existing RAN1 and RAN4 agreements. The following aspects are of particular interest:

· Relations between synch channel raster, RF channel raster and subcarrier spacing.
· Possible restrictions on channel bandwidth and other RF parameters.

· Difference in choice of raster parameters between operating bands in different frequency ranges and of different size, and for legacy bands vs. new bands.

· Impact on possible carrier aggregation for NR.

· Identify any RAN1 aspects that should be further investigated or confirmed (for LS exchange).

4 Proposal
This paper has discussed and presented some initial proposals for band numbering and channel raster. The following is proposed for band numbering:
PROPOSAL 1: Bands for NR that are identical to existing bands should use the same band numbers as E-UTRA.

PROPOSAL 2: NR bands above 6 GHz should use a separate range of band numbers, for example Bands 97…128 (upper ¼ of available numbers).

The following is proposed for the channel raster:

PROPOSAL 3: The possibility of having a synchronization channel raster that is more sparse than the channel raster should be studied further, considering existing RAN1 and RAN4 agreements. The following aspects are of particular interest:

· Relations between synch channel raster, RF channel raster and subcarrier spacing.

· Possible restrictions on channel bandwidth and other RF parameters.

· Difference in choice of raster parameters between operating bands in different frequency ranges and of different size, and for legacy bands vs. new bands.

· Impact on possible carrier aggregation for NR.

· Identify any RAN1 aspects that should be further investigated or confirmed (for LS exchange).
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