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1. Introduction

At the past RAN4 meetings, synchronization signal (SS) raster was intensively discussed. In this contribution, we provide analysis on floating sync raster. For the analysis, we assume the channel raster agreed in [1].

2. Floating sync concept 
In order to reduce the number of SS entries, floating sync concept was discussed, and at the RAN4 #NR-AH3 meeting, the LS was sent to RAN1 to confirm its feasibility [2]. As a result, RAN1 agreed the following offset indication between SSB grid and RB grid to enable floating sync concept at the last AH meeting [3].
	Agreements at RAN1 #NR-AH3:

· The entire SS/PBCH block can offset from the resource block grid
· Indicate the offset of the SS/PBCH block in the BCH
· Offset is in the number of subcarriers of the SS/PBCH block numerology


Hence, floating sync raster would be feasible from RAN1 spec perspective. In RAN4, on the other hand, it seems that interpretation of floating sync is slightly different among some companies, e.g. [4] and [5]. From those contributions, the following two alternatives could be considered to calculate Dss, which is the distance between sync raster entries.
· Alt.1. Dss = (X+1-Y) RBs, where X is the minimum channel bandwidth defined for the band and Y is the synchronization block size [4]
· Alt.2. Dss  = Floor((TBC- BWSS + RCH)/ RCH) * RCH, where TBC is effective minimum carrier bandwidth; BWSS is SS bandwidth; RCH is channel raster [5]
One example of Alt.1 SS raster is shown in Fig.1. This concept is very simple, but we can see that some channel assignment such as channel #5 is not possible since SS block cannot be included in the channel. Because Alt.2 SS raster is more flexible in terms of channel assignment, therefore, Alt.2 seems better than Alt.1.
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Figure 1. Example of Alt.1 SS raster (SS SCS = 15kHz, min CBW = 10MHz)
However, to enable floating sync, subcarrier grid needs to be aligned among all possible channel assignments and all SS blocks. For floating sync, several channel assignments share a SS block, e.g. the channels #1 and #2 share the same SS block #1 in Fig. 1. Hence, those channels should have the same subcarrier grid as the SS block. As agreed in RAN1, furthermore, multiple SS blocks can be configured in a channel, e.g. SS blocks #1 an #2 can be configured in one channel, therefore all SS blocks should have the same sub carrier grid. Those facts mean that all possible channels and all SS blocks should share the same subcarrier grid to enable floating sync, e.g. channels #1-4 and SS blocks #1-2 should have the same subcarrier grid.  
Observation 1.  To enable floating sync, all possible channel assignments and SS blocks should share the same subcarrier grid regardless of SCS and channel raster.
Considering this, floating sync would have a high affinity for the SCS based (channel) raster, but not for 100kHz channel raster because 100kHz is not multiple of any subcarrier spacing for data channel. In the following, we show the analysis on SS raster entries for SCS based raster and 100kHz channel raster respectively.

 2.1. For SCS based raster
For SCS based raster, the floating sync is quite straightforward. The figure 2 shows the overview of floating sync assuming SCS based raster.
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Figure 2. Example of Alt.2 SS raster assuming SCS based channel raster (SS SCS = 15kHz, min CBW = 10MHz) 
The channel #1 and #2 (#3 and #4) share the same SS block #1 (#2), and channel #3 is shift of channel #2 by only one subcarrier spacing, e.g. 15kHz. We can easily recognize that all channels and SS blocks share the same subcarrier grid and all channels have the same guard band in the channel edge. Also, the distance of SS raster entries, Dss, and the location of i-th SS raster entry, SS(i), can be calculated as follows: 
Proposal 1. For the bands with SCS based raster, the distance between sync raster entries, Dss, is as follows.

· Dss = TBC - BWSS +RCH, where TBC is effective minimum carrier bandwidth; BWSS is SS bandwidth; RCH is channel raster
Proposal 2. For the bands with SCS based raster, the i-th SS raster entry, SS(i), is as follows (i = 0,1,2,…).
· SS(i) = FDL_low + Lower GB + TBC - BWSS + (BWss_scs/2)+ i * Dss , where FDL_low is the lowest frequency of the band; Lower GB is lower guard band of the channel allocated at the lowest frequency of the band; BWss_scs is subcarrier size of SS block; the maximum number of the index i, imax, is chosen such that all possible channels can have at least one SS raster entry, i.e. SS(imax) <= FDL_high – Higher GB – TBC + (BWss_scs/2)
· Note that above equation assumes that the centre of subcarrier #0 of SS block includes SS raster entry.
2.2. For 100kHz channel raster
For 100kHz channel raster, subcarrier grid alignment among all channels is complicated. One possible option is shown in Fig. 3. Note that in this figure, 10MHz channel bandwidth and 15kHz SCS for data are assumed and totally 52RBs (9.36MHz) can be allocated for data channel. This means that the GB (guard band) of the channel edge is totally 0.64Hz and basically the lower and higher GBs are 0.32MHz (=0.64/2).
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Figure 3. subcarrier grid alignment for 100kHz raster (10MHz CBW with 15kHz SCS for data)

Without subcarrier grid alignment, the lower GB is 320kHz. With subcarrier grid alignment, however, the lower GB is not 320kHz in some cases. For example, the channel #0 has 320kHz GB, but the channel #1 and channel #2 have slightly different GB and asymmetric GB to align subcarrier gird. Specifically, the channel #1 has 325kHz lower GB (315kHz higher GB) and the channel #2 has 315kHz lower GB (325kHz higher GB). The channel #3 has 320kHz lower GB, and similar GBs can be utilized for later channels.
Based on this channel assignment, the figure 4 shows an example of SS raster assuming 100kHz channel raster. The lower GB of a channel is varied according to the channel raster entry, and that impacts on the distance and location of SS raster entries. Hence, the calculation of Dss and SS(i) is not impossible but too complicated, and floating raster is not suitable for the bands with 100kHz channel raster.
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Figure 4. Example of Alt.2 SS raster assuming 100kHz channel raster (SS SCS = 15kHz, min CBW = 10MHz) 
Observation 2. For 100kHz channel raster, the guard band of the channel is varied according to the channel assignment to align subcarrier grid among all channels. 
Observation 3. For floating sync with 100kHz channel raster, the calculation of SS entries is not impossible but too complicated.
According to the agreed WF [1], 100kHz channel raster is applied only for LTE refarming bands below 2.4GHz. Hence, we consider that the same SS raster as LTE, i.e. 100kHz, can be applied without any technical difficulties. In this case, each channel would independently have a dedicated SS entry. However, the number of SS raster entries would increase by this approach, hence another approach is to apply SCS based raster for all bands.
Proposal 3. For the bands with 100kHz channel raster, floating sync is not recommended since it is very complicated for 100kHz channel raster. Instead, the following two alternatives can be considered.

Alt.1: The same SS raster as LTE, i.e. 100kHz, is applied for the sake of simplicity.
Alt.2: SCS based channel raster is applied instead of 100kHz channel raster to reduce the number of SS raster entries.
3. Conclusion

Based on the above, we observe and propose the followings.
Observation 1.  To enable floating sync, all possible channel assignments and SS blocks should share the same subcarrier grid regardless of SCS and channel raster.

Observation 2. For 100kHz channel raster, the guard band of the channel is varied according to the channel assignment to align subcarrier grid among all channels. 

Observation 3. For floating sync with 100kHz channel raster, the calculation of SS entries is not impossible but too complicated.
Proposal 1. For the bands with SCS based raster, the distance between sync raster entries, Dss, is as follows.

· Dss = TBC - BWSS +RCH, where TBC is effective minimum carrier bandwidth; BWSS is SS bandwidth; RCH is channel raster
Proposal 2. For the bands with SCS based raster, the i-th SS raster entry, SS(i), is as follows (i = 0,1,2,…).
· SS(i) = FDL_low + Lower GB + TBC - BWSS + (BWss_scs/2)+ i * Dss , where FDL_low is the lowest frequency of the band; Lower GB is lower guard band of the channel allocated at the lowest frequency of the band; BWss_scs is subcarrier size of SS block; the maximum number of the index i, imax, is chosen such that all possible channels can have at least one SS raster entry, i.e. SS(imax) <= FDL_high – Higher GB – TBC + (BWss_scs/2)
· Note that above equation assumes that the centre of subcarrier #0 of SS block includes SS raster entry.
Proposal 3. For the bands with 100kHz channel raster, floating sync is not recommended since it is very complicated for 100kHz channel raster. Instead, the following two alternatives can be considered.

Alt.1: The same SS raster as LTE, i.e. 100kHz, is applied for the sake of simplicity.
Alt.2: SCS based channel raster is applied instead of 100kHz channel raster to reduce the number of SS raster entries.
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