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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4 #84 meeting in Berlin, WF on Channel Raster for NR [1] is agreed in the following.

Agreements on channel raster
· Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)
· FFS: Potential optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier
· For Band 41, FFS 100kHz channel raster or subcarrier based raster should be used. 
· Channel raster for Bands above 2.6GHz (above Band 41) is tentatively agreed to be a subcarrier based raster (i.e 15kHz for range 1 and 60kHz for range 2), pending further check at AN4 NR AH#3 and RAN1 decision
· If subcarrier based raster is finally agreed, Eexact position of the subcarrier raster in each band to be agreed in RAN4 NR AH#3 
· Send LS to RAN1 to ask RAN1 to enable “floating sync” in RAN4#83 (see Annex), subject to feasibility
· Floating sync enables SCS based raster and down selection of the sync raster for bands using 100kHz raster
Agreements on sync raster
· Sync raster will be defined such that there is a minimum number of entries for each band
· Sync raster entries will be included in the specifications for each band
· Sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signaled to the UE

In this paper, we propose to conclude all open issues on channel and sync raster.
2	Discussion
· Sync raster for LTE refarming bands
For LTE refarming bands up to 2.4GHz, the channel raster is agreed to be 100kHz [1]. 
Observation 1: For the range 1 bands up to 2.4GHz, channel raster is agreed 100kHz. The valid raster entry should be the same as LTE, i.e., an integer multiple of 100kHz.
15kHz SCS for SSB with 5MHz minimum channel bandwidth and 30kHz SCS for SSB with 10MHz minimum channel bandwidth have been so far considered. There has been an agreement on the spectrum utilization [4]; 25 PRBs for 5MHz with 15kHz SCS and 24 PRBs for 10MHz with 30kHz SCS. Since SSB occupies 24 PRBs, there is only one possible position for 30kHz SSB SCS, i.e., SSB shall be centred in the 10MHz channel bandwidth. Tthe sync raster shall be the same as the channel raster, 100kHz. For 15kHz SCS, there is a room of adjusting SSB position within the channel (24 SSB PRBs inside 25 data PRBs). Since we have agreed the floating sync, there is no need of PRB alignment between data and SSB. The most natural position for SSB is at the centre of the channel bandwidth in 5MHz. (This is already the case for LTE, 6 PBCH PRBs in 25 system PRBs.) Therefore, we also propose the alignment of sync and channel raster for 15kHz SSB SCS. 
Proposal 1: For the range 1 bands up to 2.4GHz, sync raster is 100kHz meaning that the centre frequency of SSB is an integer multiple of 100kHz and the sync raster entries are N*100kHz.
In the above paragraph, we have discussed the sync raster to support the minimum channel bandwidth, where SSB centre and channel centre match each other. For wider channel bandwidth (or carrier aggregation), SSB is not necessarily at the centre of the channel. Multiple SSBs can be transmitted within the channel bandwidth (or in secondary carriers of the carrier aggregation). Once As the floating sync is confirmed by RAN1 [8], we only need the subcarrier alignment of two component carriers to enable the contiguous RB allocation of multiple carriers as each SSB can indicate the bandwidth part (BWP) with subcarrier granularity using the floating sync. This means two SSBs shall be separated by integer multiple of 300kHz. This is the criteria of channel spacing for CA in LTE. Thus, we could use LTE CA channel spacing and enable the contiguous spectrum utilization without guard band. It is noted that SSBs in the secondary carriers do not need to be placed in the centre of the secondary carrier bandwidth. There is more flexibility in NR using the floating sync. The spacing of SSB should be a multiple of 300kHz. However, the channel spacing of component carriers is a multiple of subcarriers. 
Observation 12: Optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier is possible with 100kHz raster and floating sync.
As it was pointed out during the online discussion in RAN4 AH#3 meeting in Nagoya, the wideband operation with 100kHz channel raster could be more complicated to specify than subcarrier based channel raster, we can deprioritize this scenario in Rel-15 and focus on carrier aggregation assuming a nominal channel spacing for 100kHz channel raster, which means there are unused guard subcarrier among component carriers, i.e., the spectrum utilization may not be optimized. Since 100kHz raster is intended for LTE refarming band and typical use case is a single carrier up to 20MHz channel bandwidth, this prioritization can be justified.
Observation 3: The wideband operation scenario in Observation 2 can be deprioritized from Rel-15.

· Channel raster for band 41
In NR AH#3 meeting in Nagoya, it was discussed if we should use 100kHz channel raster or subcarrier based raster for band 41 but there was no conclusion yet [5-7].
For band 41, there has been a discussion if we should use 100kHz channel raster or subcarrier based raster. Although Either either raster is possible to support the full channel allocation with the floating sync. However, the subcarrier based raster is more optimum for wideband operation because of the finer channel raster granularity and no limitation on the SSB spacing. (a multiple of 300kHz)As we discussed above in Observation 3, we may only focus on the carrier aggregation to enable the access of UE with different channel bandwidth capability for the 100kHz channel raster. Since band 41 is more wideband than the other bands below 2.4GHz, we propose to use the subcarrier based channel raster for band 41 to allow more efficient way of handling UE supporting different channel bandwidth.
Furthermore, the subcarrier based raster will possibly enable the sparse sync raster, which reduce the burden of initial cell selection. By introducing the sync raster (as can be big as 5MHz), the sync raster entry will be reduced by an order of 50, meaning the initial acquisition for such a wideband spectrum will be much easier and faster than other low bands using 100kHz channel raster. 
Proposal 2: Subcarrier based channel raster is proposed for all range 1 bands above 2.4GHz including band 41.

· Sync raster for range 1 NR bands above 2.4GHz.
For the range 1 bands above 2.6GHz, the tentative agreement is 15kHz for channel raster [1]. We also propose this for band 41. 
As we have been already discussed several meetings, the sync entry should be as sparse as possible to optimize the initial cell selection. For the bands with 15kHz SSB SCS and 5MHz minimum channel bandwidth (25 maxim PRBs), the maximum possible raster is 195kHz ((25-24)*12+1 subcarriers) for the subcarrier based raster. Thus, we propose 180kHz as sync raster, omitting 1 additional subcarrier.
Proposal 3: For range 1 bands above 2.4GHz with 15kHz SSB SCS and 5MHz minimum channel bandwidth, sync raster is 180 kHz meaning that the centre frequency of SSB is an integer multiple of 180kHz and the sync raster entries are defined globally as N*180kHz.
With the similar argument with 10MHz minimum channel bandwidth (52 maximum PRBs), the maximum possible raster is 5055 kHz ((52-24)*12+1 subcarriers). We propose 5040kHz omitting 1 subcarreir.
Proposal 4: For range 1 bands above 2.4GHz with 15kHz SSB SCS and 10MHz minimum channel bandwidth, sync raster is 5040 kHz meaning that the centre frequency of SSB is an integer multiple of 5040kHz and the sync raster entries are defined globally as N*5040kHz.
In RAN4 AH#3 meeting, there was a concern that SSB could be placed at the channel edge, which may not be suited if power boosting of SSB is considered. In most cases, the channel bandwidth is larger than the minimum channel bandwidth, thus there is likely a raster position which is away from the channel boundary. 
Observation 4: In cases other than the minimum channel bandwidth, SSB can be placed away from the channel edge.
However, if there is a strong concern for the minimum channel bandwidth, we can further discuss the sync raster smaller than Proposal 4.

As discussed above, SSB occupies 24 RB, which is the same as the spectrum utilization agreed for 30kHz SCS for 10MHz channel bandwidth. There is only one SSB position in the transmission bandwidth thus the sync raster must be the same as channel raster, 15kHz.
Observation 25: For the range 1 bands above 2.4GHz with 30kHz SSB SCS and 10MHz minimum channel bandwidth, sync raster must be 15kHz.
15kHz sync raster is not recommended due to the overhead in the initial cell selection. Therefore, we propose 30kHz SSB SCS should not be a default SCS. However, 30kHz SSB SCS can be still used by configuration as agreed in RAN1 for NSA operation or secondary cell.
Proposal 5: For the range 1 bands above 2.4GHz, 30kHz is not recommended as the default SCS; operators are encouraged to consider 15kHz SCS or change the agreement on the minimum channel bandwidth to 15MHz..

· Sync raster for range 2
For range 2 bands, if we make similar calculation for 120kHz SCS with 50MHz minimum channel bandwidth (32 maximum PRBs), the maximum sync raster is 11.64MHz ((32-24)*12+1 subcarriers).
This raster is already sparse enough, more than 100 times than LTE, thus we propose to use it also for 240kHz SCS with 100MHz channel bandwidth. We propose 11.52MHz omitting 1 subcarreir.
Proposal 6: Sync raster is 11.52 MHz for the range 2 bands, which means that the centre frequency of SSB is an integer multiple of 11.52 MHz and the sync raster entries are defined globally as N*11.52MHz.
The same observation is applied to the frequency range 2 as Observation 2. If there is a need of placing SSB away from the channel edge for the minimum channel bandwidth case, the raster may need to be smaller than Proposal 6.
3	Conclusion
In this paper, we discuss the way-forward on the channel and sync raster to close all open issues. The following proposals and observations are concluded.
Observation 1: For the range 1 bands up to 2.4GHz, channel raster is agreed 100kHz. The valid raster entry should be the same as LTE, i.e., an integer multiple of 100kHz.
Proposal 1: For the range 1 bands up to 2.4GHz, sync raster is 100kHz meaning that the centre frequency of SSB is an integer multiple of 100kHz and the sync raster entries are N*100kHz.
Observation 12: Optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier is possible with 100kHz raster and floating sync.
Observation 3: The wideband operation scenario in Observation 2 can be deprioritized from Rel-15.
Proposal 2: Subcarrier based channel raster is proposed for all range 1 bands above 2.4GHz including band 41.
Proposal 3: For range 1 bands above 2.4GHz with 15kHz SSB SCS and 5MHz minimum channel bandwidth, sync raster is 180 kHz meaning that the centre frequency of SSB is an integer multiple of 180kHz and the sync raster entries are defined globally as N*180kHz.
Proposal 4: For range 1 bands above 2.4GHz with 15kHz SSB SCS and 10MHz minimum channel bandwidth, sync raster is 5040 kHz meaning that the centre frequency of SSB is an integer multiple of 5040kHz and the sync raster entries are defined globally as N*5040kHz.
Observation 4: In cases other than the minimum channel bandwidth, SSB can be placed away from the channel edge.
Observation 25: For the range 1 bands above 2.4GHz with 30kHz SSB SCS and 10MHz minimum channel bandwidth, sync raster must be 15kHz.
Proposal 5: For the range 1 bands above 2.4GHz, 30kHz is not recommended as the default SCS operators are encouraged to consider 15kHz SCS or change the agreement on the minimum channel bandwidth to 15MHz.
Proposal 6: Sync raster is 11.52 MHz for the range 2 bands, which means that the centre frequency of SSB is an integer multiple of 11.52 MHz and the sync raster entries are defined globally as N*11.52MHz.
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