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1 Introduction
There were some contributions [1~4] discuss the channel raster in the past RAN4 meeting. The proposal 3 for RF channel raster in [1] was agreed as follow:
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).

In general, channel numbering has a strong relation to UE measurement capabilities, since the UE must be signalled what frequencies to measure. The channel raster should identify the frequency positions used for cell search of the cell and it should support efficient cell search in idle mode.

In this paper, we give some further discussions on channel raster for NR.
2 Discussion
For NR, the issue of UE search for synchronization signals and DL acquisition time should be considered due to high frequency deployed and ultra-wide channel bandwidth will be introduced. During the RAN1 discussion, in order to reduce the detection complexity for the low UE SS, it is benefit that the candidate frequency locations of synchronization signal(s) are sparser than the possible frequency locations of the centre of NR carrier bandwidth, which means an operator may place the centre of a NR carrier anywhere for example on a grid of 100kHz, then a UE may search for synchronization signals on the grid larger than 100kHz. In this way the UE should no longer assume that the synchronization signal is always in the centre of a carrier, which is different with LTE, where PSS and SSS are always transmitted in the centre of a system bandwidth. In LTE, the SS bandwidth is same with transmission bandwidth configuration of the smallest channel bandwidth (i.e. 1.08MHz@1.4MHz), if the SS frequency raster is sparser than the RF channel raster, then the minimum channel bandwidth may be impacted.
2.1 Below 6GHz NR

It was agreed that the existing 3GPP requirements for LTE and MSR including AAS should be re-used for NR as much as possible for below 6GHz NR. In LTE, the channel raster of 100kHz is applied for all possible channel assignments in all frequency bands, and the sub-carrier spacing of 15kHz was used and the PRB block size is 180kHz. It can be seen that the channel raster is integer multiples of neither 15kHz nor 180kHz. 
During the discussion in RAN4 history, the common understanding was that the raster and numbering is not related to the subcarrier-spacing or the resource block size.  Signalling of assigned resource blocks etc. is not done with the frequency numbers, but should be defined for the physical layer relative to e.g. the carrier centre [6]. Also it is point out in [7], that the spacing between carriers and thus the carrier raster is not related to the 15 kHz subcarrier spacing. The raster spacing does not have to be a multiple of 15 kHz, 375 kHz or any other physical layer related number.

Observation 1: In LTE, the channel raster and channel numbering have no direct relation to the sub-carrier spacing or the resource block size.

In LTE, the channel raster of 100 kHz enables good flexibility for fine tuning of the ACLR between adjacent carriers. This kind of granularity will also benefit NR and avoid additional spectrum planning work when re-farming LTE’s spectrum for NR.  In the frequency range below 6GHz, terminals may support dual mode operation of LTE and NR, it would be a typical implementation that both LTE receiver (or transmitter) part and NR receiver (or transmitter) part share a common local oscillator or PLL. In case the NR channel raster is also set as 100 kHz, it means the PLL for LTE can provide the same capability for NR. Therefore, it is suggested that in low frequency, NR shares the same channel raster as LTE.
Proposal 1: For below 6GHz, 100 kHz channel raster is reused in NR.

By adopting the 100kHz channel raster for below 6GHz NR, the channel raster grid can always hit the centre of carrier channel bandwidth. The possible issues may be the channel numbers will increase significantly and the search time will also increase for the ultra-wider channel bandwidth. One possible solution is list the possible channel numbers, likes the LAA bands did, then the UE search for the synchronization signals on the listed channel numbers to reduce the search time.
For LTE intra-band carrier aggregated operation, the channel spacing between adjacent component carriers shall be multiple of 300 kHz, which is the least common multiple of 15kHz and 100kHz. For below 6GHz NR, the feasible SCS of 15kHz, 30kHz, and 60kHz were agreed in [5]. For the possible intra-band carrier aggregated operation, the channel spacing between adjacent component carriers can also be kept as multiple of 300 kHz, because the least common multiple of {15kHz, 30kHz, 60kHz} and 100kHz are always equal to 300kHz.
Proposal 2. When the channel raster of 100kHz is re-used for below 6GHz NR, the channel spacing between adjacent component carriers for the possible carrier aggregation for NR can also be multiple of 300 kHz.
2.1 Above 6GHz NR

For above 6GHz NR, no LTE will be deployed, which means no dual mode operation of LTE and NR supported by the terminals. From the RAN1/RAN4 discussion, ultra-wide channel bandwidth up to 1GHz is intent to be supported and the minimum channel bandwidth may larger than 20MHz. The number of “valid” carrier centre frequencies on the raster should be kept low, in order to reduce cell search time. Therefore, larger channel raster will be needed and larger SS frequency raster is also feasible based on the RAN1’s agreement, which is SS frequency raster is sparser than channel raster. 
Although the SS frequency raster is sparser than channel raster, the SS frequency raster should still be located at the possible carrier frequency positions on the grid of the channel raster, exampled in figure 1.
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Figure 1 Example for the Frequency raster is sparser than Channel raster

According to the RAN1’s discussion, it seems there is no common understanding so far whether the centre of SS must be aligned with multiple of the REs. We assume that the SS centre is aligned with one of the SS frequency raster locations. If the SS centre is aligned with multiple of the REs, then the SS frequency raster is aligned with multiple of the REs, which mean the channel raster must be multiple of SCS. But if not, it seems there is no direct relationship between the frequency raster and channel raster when define the channel raster value, and then the channel raster value may no need to be defined as multiple of SCS.
From RAN4 aspect, there may no problem in the implementation whether the channel raster for above 6GHz NR is multiple of 100kHz or multiple of SCS, it is determined by the PLL capability. Thus our understanding is that the key point is the SS frequency raster design requirement, decided by RAN1.
However, although larger channel raster can reduce the time for UE searching the synchronization signal,   too larger channel raster may limit the deployment flexibility. The set of valid carrier centre frequencies must meet varying operator requirements and accommodate different possible spectrum allocations, which may have regional and national variations. For example, the frequency range for Band X is from Flow to Fhigh, and the supported channel bandwidth is BW, listed in figure 2. 
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Figure 2. Example for the channel bandwidth located in the last carrier frequency in Band X with different channel raster

In figure 2, the last carrier frequency with BW bandwidth in the DL should be ideally placed at (Fhigh – BW/2). With the proper channel raster, the centre of the channel bandwidth located in the last carrier frequency can hit the position of (Fhigh – BW/2) exactly, shown in the figure 2(a). However, if the centre of the channel bandwidth located in the last carrier frequency can not hit the position of (Fhigh – BW/2) exactly with the other channel raster, shown in figure 2(b), where the remain frequency range marked in yellow is smaller than channel raster, which means it may be too small to deploy anything.

In addition, too larger channel raster may not enable good flexibility for fine tuning of the ACLR between adjacent carriers.
Proposal 3. For above 6GHz NR, larger than 100 kHz channel raster should be adopted
Proposal 4. The relations between synch channel raster, RF channel raster and subcarrier spacing should consider the RAN1’s decision.
Proposal 5. The deployment flexibility should be considered when defined the channel raster for above 6GHz NR.

So far there is no agreements on the maximum and/or minimum channel bandwidth will be supported for above 6GHz NR single carrier, and the operating bands which NR will be deploy and the sets of single carrier channel bandwidths supported in this band are ongoing discussed, thus how to define the channel raster and describe the channel numbers for the NR wider single channel bandwidth needs further study. 
3 Conclusion
In this paper, the NR channel raster issue is discussed. Due to the high frequency will be deployed in NR, and ultra-wideband single carrier channel bandwidths are supported, and also the NR will support mix sub-carrier spacing in the same single carrier channel bandwidth, the channel numbers will be extremely large when small channel raster is used. The conclusions of this paper are: 

Observation 1: In LTE, the channel raster and channel numbering have no direct relation to the sub-carrier spacing or the resource block size.

Proposal 1: For below 6GHz, 100 kHz channel raster is reused in NR.

Proposal 2. When the channel raster of 100kHz is re-used for below 6GHz NR, the channel spacing between adjacent component carriers for the possible carrier aggregation for NR can also be multiple of 300 kHz.
Proposal 3. For above 6GHz NR, larger than 100 kHz channel raster should be adopted
Proposal 4. The relations between synch channel raster, RF channel raster and subcarrier spacing should consider the RAN1’s decision.
Proposal 5. The deployment flexibility should be considered when defined the channel raster for above 6GHz NR. 
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