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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4 ad-hoc meeting in Qingdao, the WF on RF channel raster for sub6GHz and mmWave bands is agreed. For the frequency range 1, the following agreements are made.
Agreements for Frequency Range 1
· The channel raster for UL sharing band(e.g. bands agreed in NR WID i.e. RP-171485) can be decoupled from the NR DL band raster
· E.g. UL sharing band can be on 100kHz raster while the NR DL band can use 100kHz raster or RB based raster
· NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB based raster is used)
Raster for Frequency Range 1
· Pros and cons of 100khz channel raster and RB based raster to be further investigated
· How to define the minimum guard band, what should this value be for different channel bandwidths/SCS and how to place the channel RBs
· Achievable spectral utilization with both options
· Spectral utilization values agreed in RAN4 NR AH#2 should be considered
· Wideband/CA operation and forward compatibility for addition of new channel bandwidths
· Sync raster granularity
· Channel raster could be different for different bands
· Only a single raster should be defined per band
In this paper, we discuss the way-forward on the channel raster for sub 6 GHz NR bands. We also discuss the how the sync raster shall be specified.
2	Discussion
2.1 Channel raster
100kHz and RB based channel raster have been extensively analyzed for the last couple of RAN4 meetings.
· 100kHz is preferred in terms of LTE coexistence, refarming, and symmetric guard band.
· 100kHz raster can support the same subcarrier grid of LTE and NR, which can avoid the inter-subcarrier interference in case of LTE-NR coexistence within the carrier. For the UL sharing, 7.5kHz subcarrier shift indicated by RAN1 LS [2] is required for the subcarrier alignment as discussed in clause 2.3.
· Channelization of the sub 6 GHz spectrum is often based on a block size in a step of 5MHz and an absolute offset in a step of 1MHz (or 100kHz sometimes). Thus, 100kHz raster can support the alignment with the centre of the allocated channel and transmission bandwidth configuration; i.e., the transmission bandwidth can be symmetric inside the channel. Precisely speaking, we would have one subcarrier more in one side (without 7.5kHz shift like LTE) for 15kHz SCS. Furthermore, for 30kHz SCS, the subcarrier grid is unsymmetrical. Thus, they are not completely symmetric. Nevertheless, RB based raster is less symmetrical. For 15kHz SCS, channel centre could be off by 20 or 40kHz from the centre of the transmission bandwidth configuration, which may slightly affect the spectrum utilization (but it would be at worst by 1 RB.)
· RB based raster is preferred in terms of wideband CC operation.
· 100kHz raster is not optimum for wideband operation. When BS handles narrowband CCs coexisting in a wideband CC to support different UE channel bandwidths, then the centre of each component carriers (both wideband and narrowband) shall be placed at an integer multiple of 5 RBs for the alignment of channel raster and RB grids. This is not always configurable for 100kHz channel raster but is for RB based raster. Thus, the spectrum utilization of carrier aggregation can be maximized with RB based raster. This illustrated in the Appendix A (where more than 1RB better efficiency can be expected.) 
As both options have pros and cons, it is difficult to agree on a single solution for all the NR bands below 6GHz. Thus, we propose to adopt the channel raster case by case for each NR band. RB based raster should be adopted for the NR bands supporting the single wide band carrier. 100kHz raster should be adopted for the NR bands without supporting the single wideband carrier. The threshold can be 20MHz, which is the maximum channel bandwidth of LTE.
Proposal 1: For the NR bands with the support of wideband operation (such as more than 20MHz), the RB based channel raster shall be selected.
Proposal 2: For the sub6 NR bands without support of wideband operation (such as LTE refarming bands with at most 20MHz channel bandwidth), 100kHz channel raster shall be selected.

2.2 Sync raster
The sparse sync raster can significantly reduce the initial cell search time due to less number of candidates for the SS block positions in frequency domain. This is particularly important for the wide contiguous spectrum. The relationship of minimum channel bandwidth and SS-block raster have been extensively discussed in the last couple of RAN4 meetings; in principle, sync raster sparser than channel raster is not possible for the bands with 5MHz minimum channel bandwidth as the SS-block bandwidth is 4.32MHz for 15kHz SCS. For such case, it does not make sense to have multiple sync positions for a given channel bandwidth, thus the SS-block should be placed at a unique position inside the transmission bandwidth configuration such as the centre of the bandwidth. (If the number of RBs of the transmission bandwidth configuration are not even, then the SS block would be a half RB off from the centre, since the number of RBs for SS block is an even number (24).
We propose that this principle is applied for the bands in Proposal 1.
Proposal 3: Sync signal block shall be at a unique position (near the centre) of the transmission bandwidth configuration for the NR bands without the support of wideband operation; sparse sync raster is not used in this case.
For the NR bands in Proposal 2, there is a significant benefit to introduce the sparse sync raster for the initial system acquisition optimization. In addition, multiple SS-block positions within a wideband channel may be used for the multiple beam configurations being discussed in RAN1; thus, SS-block should not be always at the centre of channel, but somewhere aligned with the RB grid of the channel bandwidth. For RB based raster for 15kHz SCS, the sync raster can be 4.86MHz (=50+1-24=27 RBs) for 10MHz minimum channel bandwidth assuming at least the LTE spectrum utilization of 90%. For 30kHz SCS and 20MHz minimum channel bandwidth, the sync raster can be 9.72MHz (27 RBs). These rasters are sufficient for the multiple beam application so that multiple sync raster positions are available within a wideband channel.
The actual raster can be further discussed for each band; however, we propose that the sparse raster shall be adopted for the NR bands with the support of wideband operation. To make the sparse raster possible, we also propose that the minimum channel bandwidth shall be at least 10MHz for 15kHz SS block SCS and 20MHz for 30kHz SS block SCS.
Proposal 4: The sparse sync raster shall be adopted for the NR bands with the support of wideband operation.
Proposal 5: The minimum channel bandwidth of such bands shall be at least 10MHz for 15kHz SS block SCS and 20MHz for 30kHz SS block SCS.

3	Conclusion
In this paper, we discuss the way-forward on the channel and sync raster for sub 6 GHz NR bands and presented the following proposals.
Proposal 1: For the NR bands with the support of wideband CC operation (such as more than 20MHz), the RB based channel raster shall be selected.
Proposal 2: For the sub6 NR bands without support of wideband CC operation (such as LTE refarming bands at most 20MHz channel bandwidth), 100kHz channel raster shall be selected.
Proposal 3: Sync signal block shall be at a unique position (near the centre) of the transmission bandwidth configuration for the NR bands without the support of wideband operation; sparse sync raster is not used in this case.
Proposal 4: The sparse sync raster shall be adopted for the NR bands with the support of wideband operation.
Proposal 5: The minimum channel bandwidth of such bands shall be at least 10MHz for 15kHz SS block SCS and 20MHz for 30kHz SS block SCS.
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Appendix A: Spectrum utilization for wideband CC
In this appendix, a few examples are presented about the spectrum utilization of wide band CC. The first example is 20MHz CCs inside 40MHz wideband CCs for 15kHz SCS. The spectrum utilization for 40MHz is 216 RBs, while 20MHz is 106 RBs as agreed in [3]. This example nicely fits as the channel centre of 40MHz and 20MHz can be separated by a multiple of 5 RBs, i.e., 55 RBs. By the way, 5 RB alignment is required for both channel centre and RB grid for all component carriers (both wideband and narrowband channel.) For UE4 in Figure 5.1, there is a gap in the centre with the size of 4 RBs among 2 CCs. In this example the per-CC spectrum utilization of UE4 is not sacrificed even with 100kHz channel raster. It is also possible to consider using 4RBs between 2 CCs to match with the spectrum utilization of the wideband CC. This can be further discussed if the spectrum utilization of carrier aggregation can be improved compared to per-CC utilization.



Figure 5.1 20MHz CC in 40MHz wideband CC

Next example in Figure 5.2 is 10MHz CCs in 20MHz wideband CC. In this case, the channel centre of 10MHz CC does not have a nice multiple of 5RBs from the centreof 20MHz wideband CC, thus it is rounded to 25RBs. In this case, the UE in carrier aggregation (UE4 in Figure 5.2) cannot use 2x52RBs, but 2x50RB needs to be used; thus, the spectrum utilization is affected by 2RB for each CC, which is the same as LTE utilization. For 15kHz SCS, LTE utilization (90%) is the worst case as 5RB alignment of channel centre and RB grid is always achievable with a multiple of 25 RB allocation like in Figure 5.2.


Figure 5.2 10MHz CC in 20MHz wideband CC

This issue is not present for RB based raster, because there is no need to round it off to 5RB. The channel center can be placed any integer multiple of RB. Thus the spectrum utilization is always maximized in wideband CC operation.
We only presented two examples for 15kHz SCS and 2 CCs, however, this argument is applicable to other configurations as well. In general, it is hard to achieve the maximum utilization if the CC bandwidth is narrower and if there are many CCs.
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