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1 Background 
Channel arrangements and raster were discussed in previous meetings [1-3]. The contribution in [1] introduces the concept of “synchronization signal frequency raster”, which would be more sparse than the actual channel raster, while [3] proposes raster for below and above 6 GHz. 

Based on the proposal in [3], it was agreed at RAN4#82 in Athens that 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).

This contribution continues the discussion of channel numbering and raster, and makes further proposals based on the discussion points above.
2 Present agreements for synchronization channel and subcarrier-spacing 
The parameters related to RF channel bandwidth, subcarrier spacing and synchronization channel are not fully determined in RAN1 and RAN4, but several Way-Forward agreements have been made.

Present status and agreements on channel bandwidth:
· RAN1 has agreed [5] on minimum channel bandwidth: 
· 40 or 80 MHz minimum BW for bands in 6-52.6 GHz 
· 5 or 10 Mhz minimum BW for bands below 6 Ghz 
· RAN4 will determine the minimum channel BW value to use in each operating band.
Present status and agreements on subcarrier spacing (SCS):
· RAN4 has agreed a WF on SCS in [6]:
· SCS of 15, 30 and 60 kHz are feasible for bands below 6 GHz

· SCS of 60, 120, 240 kHz are potential candidates for bands above 6 GHz (480 kHz feasibility is ffs) 

Present status and agreements related to the synchronization channel:

· The synchronization signal has either 62, 127 or 255 subcarriers.

· The synchronization channel will use a predetermined SCS in each operating band:
· For bands below 6 GHz: SCS of 15 or 30 kHz, associated with 5 and 10 MHz minimum bandwidth respectively.

· For bands above 6 GHz: SCS of 120 or 240 kHz, associated with 40 and 80 MHz minimum bandwidth respectively.

3 Channel numbering 

The following discussion and proposals for channel numbering are based on previous discussions [1-3] and the present agreements as presented above. It is however not possible to make a complete and detailed proposal before a complete RAN1 scheme is determined. A principal discussion is made below of a proposed method for channel numbering. 
In E-UTRA, a fixed RF channel raster is defined for each operating band having possible RF carrier frequencies with 100 kHz separation, giving many possible RF carrier frequencies for the UE to search for in each band. The channel numbers are identified through an EARCN (E-UTRA Absolute RF Channel Number).
For NR, a different scheme is proposed where the RF carrier frequency is defined in two steps. First through a synchronization channel raster and in a second step the final RF carrier frequency is defined on an RF channel raster relative to the synchronization channel. 
3.1 Synch channel numbering and raster
In present RAN1 assumptions, the center frequency for the synchronization signal (SS block) is 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 frequency, 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 the present agreements in RAN1 and RAN4, these conditions can be met. This means there will always be one complete synchronization channel contained inside the RF channel, regardless of where the RF channel is placed. An example is illustrated in Figure 1.
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Figure 1
The first step defining an RF channel frequency is to identify the synchronization channel part (SS block) of the RF carrier. As shown in Figure 1, a synchronization channel raster is defined with a separation ΔFSC,Raster between raster points. The synchronization channel can only be placed on one of the synchronization raster points. A unique Synchronization Channel raster is specified for each operating band, providing a limited number of raster point for the UE to search for at the initial access. This will vastly reduce the search time, compared to the task of searching any possible point on a finer RF channel raster, which could have an order of magnitude more points within the band.
The points on the synchronization raster are defined through a 5G-RAN Synchronization Channel Number (GSCN) that defines the frequency FSC of the synchronization channel portion of the RF carrier. The raster for each operating band is set in the usual way by a raster point separation ΔFSC,Raster, a first raster point FSC_low and a first raster point number NSC,low. The equation defining the synchronization channel frequency FSC of the raster point number NSC (GSCN) will then be 

FSC = FSC,Low + ΔFSC,Raster × (NSC – NSC,Low)
The synchronization raster is defined as a range of GSCN numbers for each operating band, with the number range starting at NSC,Low.
3.2 RF channel numbering and raster

The second step identifies the RF channel frequency FCH that is defined in relation to the synchronization channel frequency FSC. A 5G-RAN Radio Frequency Channel Offset (GRFCO) would define the offset from the synchronization channel to the RF carrier centre frequency. An RF channel raster is defined relative to each point on the synchronisation raster with a separation ΔFCH,Raster between raster points. The RF channel can only be positioned on one of the RF channel raster points and its frequency is expressed as an offset relative to the frequency of the synchronisation channel as shown in Figure 1. Note that the offset (and the corresponding GRFCO) can be both positive and negative.
The RF channel raster for each Synchronization Channel raster frequency point FSC is set relative to FSC by an RF channel raster point separation ΔFCH,Raster, with a range covering (at least) the full width of the synchronization channel raster separation ΔFSC,Raster. The equation defining the RF channel frequency FCH with the offset NCH,Offs (GRFCO) will then be 

FCH = FSC + ΔFCH,Raster × NCH,Offs
In paired spectrum, the GSCN and GRFCO defines the downlink RF carrier frequency. The uplink RF channel frequency has a direct relation to the downlink RF channel frequency through a fixed frequency offset for fixed duplex spacing.
4 Proposal
This paper has discussed and presented an initial proposal for channel raster and numbering. The following is proposed for further consideration as part of a channel raster and numbering scheme:
PROPOSAL 1: NR should have a synchronization channel raster that is more sparse than the RF channel raster, in order to reduce the search time for initial access.

PROPOSAL 2: NR should have an RF channel raster aligned with each possible synchronization channel frequency, so that the RF channel frequency can be defined relative to the synchronization channel frequency as an offset.
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