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1 Background 
Channel arrangements and raster were discussed intensively in previous meetings. At RAN4#83 in Hangzhou, several options were proposed for the channel raster in bands below 6 GHz, including re-farming LTE bands. Based on the discussions, a WF for the channel raster below 6 GHz was agreed at RAN4#83 in Hangzhou [1].

In this contribution, the possibilities for synch and channel raster in bands below 6 GH are investigated and a proposal is made. Note that a more complete proposal for all bands is made in [2].
2 Discussion 
After discussions at RA4#82 in Hangzhou, it was agreed in a Way-Forward [1] to further investigate two options for channel raster in sub-6 GHz LTE bands:

· Option 1: 100KHz channel raster

· Option 2: 180KHz channel raster

It was agreed in [1] to evaluate the pros and cons of both options, in particular
· The definition of guard band between component carriers and how the channel raster impact to this guard band. 
· Coexistence with adjacent channels, especially in case of refarming.

· Sync raster definition and impact to initial system acquisition

These three aspects are further analyzed below.
2.1 Guard bands between component carriers
In Option 1, the channel raster is spaced 100 kHz as in LTE. This gives the same restriction as in LTE, with the spacing between two component carriers having to be a multiple of 300 kHz. Since it is not yet determined what channel BW will be supported for NR and what the channel utilization and related “guard bands” will be in the NR carrier, it is very difficult to quantify how big this problem is.

In Option 2, the channel raster is spaced with an integer number of RBs. This implies that the two carriers are RB aligned and it is always possible to fill the space between two carriers fully with subcarriers and have zero guard band.

2.2 Co-existence with adjacent channels
The co-existence with adjacent channels is fundamentally determined by spectrum emissions in terms of a unwanted emissions mask (UEM). It has already been agreed in [3] that the UEM should use the same limits as in LTE for bands below 6 GHz. This applies regardless of the channel raster chosen.
With a 100 kHz raster, the RF carrier can always be placed in the middle of a license block, and the UEM will apply outside that block in the same way as for LTE. As discussed in [2], this is slightly more difficult for the 180 kHz raster. If the carrier is not exactly in the center of the block, some means have to be employed to reduce emissions in the direction the carrier is shifted, in order to avoid “spillover”. Two methods are proposed for handling this in [2] (extra guard and “blanking” of subcarriers), but both lead to reduced spectrum utilization.

2.3 Sync raster definition

As discussed in [2], one main advantage with the definition of the SS block in NR is that it can be offset from the carrier center, allowing for a more sparse sync raster and thus a more efficient cell search. It is also shown in [2] that for certain combinations of minimum channel BW and Subcarrier Raster (5 MHz/15 kHz and 10 MHz/30 kHz), the choice of SS block parameters leads to no increase in flexibility and a sparse raster cannot be used. 

The most straight forward choice for these bands is thus to have the sync raster identical to the RF channel raster. This could be either 100 kHz or 180 kHz, but it will make a very small difference in terms of efficient cell search. In [2], a 100 kHz channel raster is proposed for these bands.
Note that it is assumed here that for new bands below 6 GHz without legacy LTE, a different solution is possible, where the full potential of a sparse sync raster can be exploited, see also [2]. In order for this to happen however, new NR bands should be chosen with a larger minimum channel bandwidth, preferably 20 MHz. This should also be possible for some of the LTE re-farming bands, where 5 and 10 MHz channel BW will not be needed.
PROPOSAL 1: In order to ensure more flexibility of sync raster placement and to provide efficient cell search, new NR bands below 6 GHz should have at least 20 MHz minimum channel bandwidth, if possible.

3 Conclusion

The analysis above gives a slight (but unquantifiable) advantage for the 180 kHz raster in terms of reaching zero guard band and a slight advantage for 100 kHz raster for efficient co-existence on adjacent channels. In terms of the relation to the sync raster and the possibility to improve cell search, the difference is very small for bands with 5 and 10 MHz minimum Channel Bandwidth. For larger minimum Channel Bandwidth, sparse raster for improved cell search is always possible.
In addition, the conclusion in [2] is that an RF channel raster spacing of 100 kHz can be used also for non-LTE bands, using a scheme with “multiple sync rasters”, which allows for efficient placing of carriers in license blocks without “spillover”.

Since it is difficult to demonstrate a gain with 180 kHz channel raster in LTE bands, it is proposed to use a 100 kHz RF channel raster in these bands, as is proposed in [2] for all bands below 6 GHz.

PROPOSAL 2: For NR operation in LTE bands below 6 GHz, the channel raster should be 100 kHz.

For some LTE re-farming bands, it is possible to have a minimum channel BW larger than 10 MHz, which means that the parameter combinations 5 MHz/15 kHz and 10 MHz/30 kHz could be avoided. For those cases, the sparse sync raster scheme as defined in [2] should be used in the same way as for other NR bands.

PROPOSAL 3: For NR operation in LTE bands below 6 GHz, a sparse sync raster as defined in [2] should be used, if possible. This would apply to all bands, except for bands with the minimum channel BW/SCS combinations 5 MHz/15 kHz and 10 MHz/30 kHz.
4 Proposal
The choice of RF channel raster in relation to sync raster and RF channel bandwidths were analyzed based on the criteria agreed at RAN4#83 in Hangzhou. The following two proposals are made:

PROPOSAL 1: In order to ensure more flexibility of sync raster placement and to provide efficient cell search, new NR bands below 6 GHz should have 20 MHz minimum channel bandwidth, if possible.

PROPOSAL 2: For NR operation in LTE bands below 6 GHz, the channel raster should be 100 kHz.

PROPOSAL 3: For NR operation in LTE bands below 6 GHz, a sparse sync raster as defined in [2] should be used, if possible. This would apply to all bands, except for the minimum channel BW/SCS combinations 5 MHz/15 kHz and 10 MHz/30 kHz.
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