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1 Background 
Channel arrangements and raster were discussed in previous RAN4 meetings with multiple inputs and proposals made [1-20]. 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. No final agreements have been made on the sync and channel rasters, but a WF for the channel raster below 6 GHz was agreed at RAN4#83 in Hangzhou [21].
The parameters related to RF channel bandwidth, subcarrier spacing (SCS) and synchronization channel are not fully determined in RAN1 and RAN4. RAN1 made progress at the Spokane meeting on initial access related to the synchronization channel raster [8]. This contribution continues the discussion by taking into account the range of aspects brought up in discussions and making further proposal for how to arrange the sync and channel rasters.
2 Synchronization raster concept 
Based on the present agreements in RAN1 and RAN4, an analysis of initial synchronization and the implications for the sync channel raster was made in [20]. The discussion is also summarized here. The SS block consists of the synchronization channels PSS/SSS and the PBCH. It is assumed that the SS block will use a predetermined SCS and minimum channel BW in each operating band.

The advantages of having a more sparse sync channel raster in terms of reduced search time for the initial access was pointed out several times [1,3,6,7] and has also been an assumption in the RAN1 work. It relies on the SS block bandwidth being smaller than full channel BW of the RF carrier transmitted from the BS and that it is not in a fixed position within the configured bandwidth. It is the width of the PBCH being 288 subcarriers that will define the flexibility of how to place the sync channel. 
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Figure 1: Possible shifts for the PBCH as the transmitted carrier is shifted on the RF carrier raster.
In the example in Figure 1, two carrier positions 1 and 2 are shown leading to two different placements of the PBCH. It is assumed that PBCH (and SS) can be placed on a raster that is more sparse than the RF carrier raster and those sync channel raster positions are called FSC,i. Position 1 is the highest (rightmost) position of BWConfi on the RF channel raster where the PBCH can be related to the sync channel position FSC,1, thus the PBCH occurs as far left as possible on the carrier. Position 2 is the next position on the RF channel raster, thus shifted by ΔFCH,Raster from Position 1. 

As shown in detail in [20] and illustrated in Figure 1, the sync channel raster spacing ΔFSC,Raster will be limited by the following equation:

ΔFSC,Raster ≤ BWConfig – BWPBCH – ΔFCH,Raster
where BWConfig (Tx BW configuration) is the width of the transmitted Resource Blocks, BWPBCH is the width of the PBCH and ΔFCH,Raster is the channel raster spacing, which in most cases is negligible compared to the other parameters. 

Based on the RAN1 and RAN4 agreed working assumptions, we can now derive the maximum possible sync channel raster spacing as shown in Table 1 for some example minimum RF carrier bandwidths, including the minimum possible ones. In the table, the “Maximum possible” raster spacing is based on using 90% of the channel BW as BWConfig, to account for some uncertainties in terms of flexibility and granularity of how the PBCH and PSS/SSS can be placed in the frequency domain, plus the not yet agreed spectrum utilization.
Table 1: Derivation of maximum possible sync channel raster spacing

	Operating band
	Minimum Channel Bandwidth in band
	SC spacing
	PBCH bandwidth BWPBC
	Sync channel raster spacing ΔFSC,Raster based on 90% of the channel BW

	Below 6 Ghz
	5 MHz
	15 kHz
	4.32 MHz
	0.18 MHz

	
	10 MHz
	15 kHz
	4.32 MHz
	4.68 MHz

	
	10 MHz
	30 kHz
	8.64 MHz
	0.36 MHz

	
	20 MHz 
	30 kHz
	8.64 MHz
	9.36 MHz

	Above 6 Ghz
	50 MHz
	120 kHz
	34.56 MHz
	10.54 MHz

	
	100 MHz
	120 kHz
	34.56 MHz
	55.44 MHz

	
	100 MHz
	240 kHz
	69.12 MHz
	20.88 MHz

	
	200 MHz
	240 kHz
	69.12 MHz
	110.88 MHz


From the table, it can be noted that the combinations 5 MHz/15 kHz and 10 MHz/30 kHz will not provide any real flexibility in placing the PBCH. In this case, a reasonable choice is to have ΔFSC,Raster = ΔFCH,Raster. This is proposed in [22] as the solution for bands below 6 GHz with those two combinations of min channel BW and SCS.
At initial synchronization, the UE will search for the PSS/SSS in possible positions on the sync channel raster. Once a carrier is identified and the timing of the cell is found, the physical identity and other parameters can be obtained. A master Information Block can be obtained on the PBCH and the UE is informed about the frequency where further system information can be read for completing the access and set-up. The frequency is defined relative to the SS block position. Note that the UE will then continuously be scheduled to transmit and receive on parts of the carrier, but it does not necessarily need to know the RF carrier center position, since all frequencies can be defined relative to the SS block position.
One issue to consider here is how the location of the SS block is related to the rest of the transmitted RF carrier and the channel raster identifying the carrier placement.

3 Relation between sync channel raster and RF channel raster
There have been several papers discussing the relation between the choices of sync channel raster and RF channel raster. It was pointed out in [9] that the channel raster could be a multiple of the RB granularity, in order to align with a sync raster that is also on RB block granularity. This will automatically align the PBCH to the RBs and subcarriers within the RF carrier.
In another paper [8], it is pointed out as essential that the Channel BW is contained within an allocated block defined/permitted by a regulator, not risking “Channel BW spillover”. The regulation various across regions and often sets limits on emissions outside the block assigned to an operator. The problem is that if the channel raster is based on e.g. RB size of 180 kHz, it may not be possible to fit a carrier into a strictly defined license block, since there may be no RF channel raster position in the middle of the block. Block edges are usually defined at multiples of MHz.
There seems to be a potential conflict between the desire to have an RF channel raster that aligns with the sync channel raster through RB granularity and the need to contain the RF emissions within assigned blocks. There are several possible options to solve the problem:
1) Guard bands: The spectrum utilization is set in such a way that it allows a shift of the carrier of +/-ΔFCH,Raster/2 without exceeding the emission limits. This basically means ΔFCH,Raster/2 extra guard on each side of the carrier, which would reduce the overall spectrum utilization.

2) Blanking of subcarriers: For the case when the carrier is not centered, the subcarrier(s) at the edge risking “spillover” could be “blanked”, i.e. they are not transmitted. This would be defined as a part of the physical layer scheme and could lead to a lower spectrum utilization, but the loss is smaller than in Option 1.

3) Multiple synchronization rasters: The RF channel raster is here defined e.g. with 100 kHz spacing, ensuring that “spillover” is avoided. This means however that there would not always be subcarrier alignment between the PBCH centered on the sync channel raster and the rest of the RF channel. This is solved by defining multiple sync channel rasters that when combined can function with all possible RF channel positions. Spectrum utilization would be maintained at the cost of a slight increase in cell search time.
Option 3 is further elaborated below.

4 Sync channel with multiple rasters
With the present NR scheme, the SS block may be located anywhere within the carrier, but must always be on the subcarrier raster. In an example, we assume a 100 kHz RF channel raster (aligning with present spectrum allocations below 6 GHz) and a 15 kHz SCS. 

If the minimum channel bandwidth is 20 MHz, it is possible according to Table 1 to have a sparse sync channel raster with 9 MHz between the positions. Any given position of an SS block should however be workable for any carrier placement (on the 100 kHz RF channel raster) that encompasses the SS block. If the offset between RF channel center and the SS block is an integer multiple of the SCS, the subcarriers are aligned.
If we shift the RF carrier 100 kHz from this position, the subcarriers will no longer be aligned. If we shift another step to 200 kHz, they are also not aligned. If the shift is 300 kHz however, the subcarriers will again be aligned. In the more general case, in case of an RF carrier raster with frequency distance ΔFCH,Raster between neighbor points of the raster (100 kHz in the example) and a sub-carrier spacing ΔfSC (15 kHz in the example), only every M:th carrier-raster point can actually be used as locations of the carrier, where M∙ΔFCH,Raster is the smallest common multiple of ΔFCH,Raster and the sub-carrier spacing ΔfSC. In the example, M=3.
In order to always be able to align the subcarriers for the SS block with the RF carrier, we can have multiple sync channel rasters as shown in Figure 2. In the example, M=3 rasters would be needed, which together makes it possible to use all RF channel raster positions. This would provide a solution for the “spillover” problem in assigned license blocks and still keep the sparse raster properties, providing a more efficient cell search.

PROPOSAL 1: A scheme with multiple sync channel rasters is used for NR, providing a more sparse raster and at the same time have flexibility to operate without “spillover” in all possible spectrum allocations.
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Figure 2: Sync channel raster positions with multiple sync rasters

5 Conclusion

Based on the analysis above, RF channel raster and Sync channel raster according to Table 2 are proposed with the following properties:
· 100 kHz and 1 MHz are used as RF channel raster for bands below and above 6 GHz respectively. This would make it possible to place carriers in any foreseeable spectrum allocation without “spillover”.

· For the two combinations of Minimum Channel BW and SCS that lack flexibility (5 MHz/15 kHz and 10 MHz/30 kHz, both RF channel raster and Sync channel raster spacing will be 100 kHz (see also [22]).
· For all other combinations, a more sparse raster with sync channel raster spacing substantially larger than RF channel raster is proposed. For those cases, a multiple sync raster scheme is used to align with all possible RF channel raster positions.

Table 2: Proposed working assumption for RF channel and sync channel raster
	Operating band
	Minimum Channel Bandwidth in band
	SC spacing
	RF channel raster spacing ΔFCH,Raster
	Sync channel raster spacing ΔFCH,Raster 
	Number of sync channel raster repetitions

	Below 
6 GHz
	5 MHz
	15 kHz
	100 kHz
	100 kHz
	1

	
	10 MHz
	15 kHz
	100 kHz
	4.5 MHz
	3

	
	10 MHz
	30 kHz
	100 kHz
	100 kHz
	1

	
	20 MHz 
	30 kHz
	100 kHz
	9 MHz
	3

	Above 
6 GHz
	50 MHz
	120 kHz
	1 MHz
	9 MHz
	3

	
	100 MHz
	120 kHz
	1 MHz
	48 MHz
	3

	
	100 MHz
	240 kHz
	1 MHz
	18 MHz
	3

	
	200 MHz
	240 kHz
	1 MHz
	96 MHz
	6


6 Proposal
The following is proposed:
PROPOSAL 1: A scheme with multiple sync channel rasters is used for NR, providing a more sparse raster and at the same time have flexibility to operate without “spillover” in all possible spectrum allocations.

PROPOSAL 2: As a working assumption, the RF channel and Sync channel raster parameters in Table 2 are proposed.
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