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1. Introduction 
In RAN4#105, a LS on NR support for dedicated spectrum less than 5MHz for FR1 was received [1]. RAN WG1 started working on the WI and have reached, among others, the following agreements:
Agreement #1:
In addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (number of PRBs) for this channel BW.
Agreement #2:
RAN1 would like to ask RAN4 if finer synchronization raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.
Agreement #3:
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. FFS which PRBs are used and how to use the PRBs, considering that the PRBs for PSS/SSS will not be punctured.
Based on these agreements, we propose potential new ways of defining a finer synchronization raster for NR in dedicated spectrum less than 5MHz for FR1.
2. Discussion
RAN4 is to discuss whether to specify a new synchronisation raster for spectrum allocations of 3 MHz, aimed for bands n100, n8, n26 and n28. First, we provide the background on legacy NR sync raster design. Second, we analyze the possible options in the relationship between Channel Size and SSB Size. Finally, we explore the conditions for which a finer synchronization raster in dedicated spectrum less than 5MHz for FR1 would be needed.
Background
From the point of view of the UE, the number of entries in the synchronization raster compared to the number of entries in the channel raster allow for a faster system acquisition and measurements. The synchronization raster depends on the minimum channel BW in the band, the SCS used in the band, and the channel raster. Current design is obtained from 5MHz for minimum BW in low frequency bands, an SSB of 20 PRBs, and the 100KHz channel raster granularity.
In [3] it was shown that the synchronization raster clusters can be placed 1.2MHz apart. The existing synch raster design for FR1 has been specified in 3GPP 38.101-1 as following
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For the 0 - 3000 MHz range, which is the bad that concerns us, one can express the formula in a general way as shown below:
N*P + M*50kHz   with M \in {1,3,5}
where P=1200 kHz is the synchronization raster granularity, and the M terms is intended to guarantee that the raster is subcarrier aligned. 
The synchronization raster granularity was explored in [2] as X-Y+1 where X is the channel bandwidth, Y is the SS block bandwidth and 1 is a unit of the channel raster granularity. Hence, when the minimum channel bandwidth and the SSB bandwidth is changed, the synchronization raster design shall be revisited.
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Channel Size and SSB Size
As agreed, in [1], for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of the legacy 20 PRB PBCH will be used for PBCH transmission --considering that PRBs for PSS/SSS are not punctured. This is quite clear if the transmission BW of a channel is less than 20PRBs.
Let’s define X = Minimum Channel size in RBs, where e.g. X = 15 for 3MHz and 25 for 5MHz. Defining Y = SSB size in RBs, where the PSS/SSS bandwidth <= Y <= X, the PBCH bandwidth can be 1) equivalent to min channel BW on this band, e.g., 15 PRBs, 2) equivalent to the PSS/SSS bandwidth on this band, 12 PRBs, or 3) somewhere in between.
Proposal#1: For 3MHz Channel Size, assume a maximum of 15PRBs as maximum usable resources
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Exploring the need of a new Synchronization Raster for less than 5MHz 
As posed in [1], RAN1 have discussed aspects related and would like to ask RAN4 if a finer synchronization raster for the 3MHz and/or 5MHz channel bandwidth is feasible.
There are two options for considering a new synchronization raster for less than 5MHz. 
· In one option, we could use the existing legacy SSB raster to maintain the search complexity the same. 
· For this to work, we would need extra signaling to the UE to indicate whether a legacy 5MHz or more channel has been detected, or whether a less than 5MHz has been detected. Some of that signaling could be added to the SSB as part of, e.g. PBCH payload.
· Backwards compatibility would be achieved for legacy UEs.
· However, one big drawback of this alternative is that it would provide the least deployment flexibility for operators. Keeping the SSB positions the same would mean we would need to revise which positions of the legacy 100kHz raster can still be used.
· Since spectrum where this new channelization would be used is rather scarce, we propose to guarantee maximum spectrum flexibility from approximately 3 MHz up to below 5 MHz, to keep the same channel raster of 100kHz.
Proposal#2: Keep the legacy channel raster of 100kHz for UEs supporting dedicated spectrum less than 5MHz for FR1 to support maximum spectrum deployment flexibility
· In a second option, we could design a new finer synchronization raster that leverages the same 100KHz channel raster, for maximum spectrum flexibility. Here the finer raster would make the search more complex, but spectrum could reach its highest use.

For example, if X-Y+1 (15PRB – 12PRB + 100KHz) is the maximum sync raster spacing equal to 640kHz, this would be smaller than the legacy sync raster. For simplicity, we could reduce the spacing to P=600kHz and having the following formula: 
N*600kHz + M*50kHz  with M \in {1,3,5}
In this way, we could achieve a nested solution as compared to the legacy raster which uses the term N*1200kHz in its definition. With this, we can maximize channel utilization while minimizing the number of raster points.
It is worth noting that with a new synchronization raster, further discussion would be needed to clarify whether the spectrum for this new channel bandwidth will be accessible by legacy UEs, and if so, how can legacy UEs still access the network with a new synchronization raster in place. We notice that RAN1 is working on a potential redesign of PBCH for this particular use case, hence this might impact this sync raster design.
Proposal#3: RAN4 to discuss whether the spectrum for this new less than 5MHz channel bandwidth will be accessible to legacy UEs

3. Conclusion
In this contribution we provided a background on legacy NR sync raster design and the relationship between channel size and SSB size. Our proposals about a new finer synchronization raster in dedicated spectrum less than 5MHz for FR1 are:
Proposal#1: For 3MHz Channel Size, assume a maximum of 15PRBs as maximum usable resources
Proposal#2: Keep the legacy channel raster of 100kHz for UEs supporting dedicated spectrum less than 5MHz for FR1 to support maximum spectrum deployment flexibility
Proposal#3: RAN4 to discuss whether the spectrum for this new less than 5MHz channel bandwidth will be accessible to legacy UEs
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Table 5.4.3.1-1: GSCN parameters for the global frequency raster

Frequency range SS Block frequency position SSrer GSCN Range of GSCN
0 — 3000 MHz N * 1200kHz + M * 50 kHz, 3N + (M-3)/2 2—-7498
N=1:2499, M € {1,3,5} (Note 1)
3000 — 24250 MHz 3000 MHz + N * 1.44 MHz 7499 + N 7499 — 22255
N =0:14756

NOTE 1: The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
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