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The channel raster and synchronization raster for NR were extensively discussed in previous RAN4 meetings. A tentative agreement was reached in the last meeting in [1]. In this paper we discuss the definition of the synchronization raster for all bands.
2. 	Discussion
2.1 Synchronization Raster Optimization
In [2], the definition of the channel raster was proposed. For the synchronization raster, in order to be consistent with the channel raster definition, the synchronization raster should indicate the position of a certain subcarrier of the sync block, preferably closer to the middle. As such, we propose the following:
Proposal 1. Sync raster will indicate the position of SC#0(RE=#0) of RB#12 of the sync block(basically center).
It should be noted that if the size of the sync block is modified, the reference position in the sync block can be revised accordingly.
The channel raster and sync signal raster have been discussed extensively in previous papers [3],[4]. Based on the channel raster, the optimization of the synchronization raster was explained in depth in [3], [4], [5]. The down selection of the sync rasters for the SCS based raster and the 100kHz raster is briefly reviewed below. 
For the SCS based raster, based on Figure 1, the distance between sync raster entries has to be (X-Y)RBs+1 (Eq.1) subcarrier. 
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For the 100kHz raster, if “floating sync” is agreed, there would be a need for 3 raster entries with a 100kHz spacing with a periodicity of (X-Y+1) RBs (Eq.2)
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2.2 Synchronization Raster for 100kHz Channel Raster
2.2.1 Synchronization Raster for 15kHz Sync block SCS
Based on the proposed channel bandwidths for each band, the minimum channel bandwidth is 5MHz in all bands that would use 15kHz sync SCS. Considering that the minimum channel bandwidth is 25RBs and the sync block channel bandwidth is 24RBs, the distance between SS block entries according to Eq.2. should be 2RBs=360kHz. In order to cover the 3 offsets of 100kHz, 300kHz are needed. As such, with 5MHz minimum channel bandwidth, no down selection of the synchronization raster compared to the channel raster is possible. 
Observation: No down selection of the synchronization raster is possible with 15kHz sync block SCS and 5MHz channel bandwidth.
Based on proposal 1, the first entry in a band with 5MHz minimum bandwidth should be at 2.59MHz. In the last meeting, the possibility of having multiple hypothesis for the sync channel SCS was brought up. With 30kHz sync SCS, the position of the sync channel would have to be right in the channel center(first entry at 2.5MHz) as will be explained below. If multiple hypothesis are agreed as a solution, it is desirable to align the synchronization raster for them. Hence, the first entry for the 15kHz has to be placed as 2.5MHz. This is not RB aligned with the 5MHz channel, however, it would be enabled by the “floating sync” design.
The proposed sync raster definition for bands with 100kHz Channel raster and 15kHz sync block SCS is as follows:
Proposal 2: The synchronization raster is defined by the following formula:
Lower band edge(MHz)+ Minimum Ch. Bw/2(MHz)+N*100kHz, N chosen such that last entry is at Upper band edge-Minimum Ch. Bw/2
If multiple hypothesis are not needed, the starting point could be 2.59MHz instead of 2.5 and one less entry over the entire band would be needed. 
Example: Band n3(LTE band 3): DL Frequency range 1805-1880, minimum Channel bandwidth 5MHz
15kHz sync SCS, sync raster is 1807.5 + N*0.1, N=0 to 700 -> 700 entries
2.2.1 Synchronization Raster for 30kHz Sync block SCS
The minimum channel BW for bands supporting 30kHz SCS is 10MHz with has 24RBs while the sync block=24 RBs. Consequently, no downselection of the sync raster relative to the channel raster is possible. Based on proposal 1, the sync raster should point to RE#0 of RB#12 the sync block. This position coincides with the channel raster position.  
Proposal 3: The synchronization raster is defined by the following formula:
Lower band edge(MHz)+ Minimum Ch. Bw/2(MHz)+N*100kHz, N chosen such that last entry is at Upper band edge-Minimum Ch. Bw/2
Example: Band n66 - DL Frequency range 2110-2180
30kHz sync SCS – sync raster is 2115+N*0.1, N=0 to 600 ->600 entries 
2.3 Synchronization Raster for SCS Based Raster in Frequency Range 1
2.3.1 Synchronization Raster for 15kHz Sync Block SCS
SCS based raster is agreed for bands that have a minimum channel bandwidth of 10MHz. The number of RBs with 15kHz SCS is 52. Based on the down selection explained in Section 2.1, the distance between sync raster entries is (52-24)*180kHz+15kHz=5.055MHz. Furthemore, the first entry should be aligned to the left edge of the first channel, hence the sync channel center is offset by 14 RBs compared to the channel center(52RBs channel BW, 24 RBs sync block)
Proposal 4: The synchronization raster for 15kHz and 10MHz minimum channel bandwidth is defined by the following formula:
Lower band edge(MHz)+ Minimum Ch. Bw/2(MHz)+first sync entry offset+N*5.055 kHz, N chosen such that last entry is at Upper band edge-Minimum Ch. Bw/2
Example: Band n78, DL 3.3-3.8GHz , 10MHz minimum ChBW
Sync raster: 3305+14*0.180(offset of first sync entry compared to first channel entry)+N*5.055=3307.52+N*5.055, N=0 up to 96 ->97 entries
2.3.2 Synchronization Raster for 30kHz Sync Block SCS and 10MHz Channel BW
The spectral utilization for 10MHz with 30kHz SCS is 24RBs, same as the width of the sync block. Based on Section 2.1, the spacing between sync entries would be 30kHz, however, such frequent entries are most likely not needed. Hence, we propose to define the sync raster based around 100kHz multiple such that the number is an integer multiple of 15kHz and aligned with the SCS channel raster.
Proposal 5: The synchronization raster for 30kHz and 10MHz minimum channel bandwidth is given by the following formula:
Lower band edge(MHz)+ Minimum Ch. Bw/2(MHz)+N*100 kHz+-5Khz, N chosen such that last entry is at Upper band edge-Minimum Ch. Bw/2, +-5khz added such that number is multiple of 15kHz.
Example: Band n78, DL 3.3-3.8GHz , 10MHz minimum ChBW
Sync Raster: 3310+N*0.1kHz +-0.005, N=0 up to 5000 entries
2.3.3	Synchronization Raster for 30kHz Sync Block SCS and 40MHz Channel BW
For Band n78, the minimum channel bandwidth is 40MHz which is 106RBs with 30kHz SCS. Based on the Section 2.1, the distance between consecutive sync raster entries should be (106-24)*360+30 kHz=29.55MHz. Furthemore, the first entry should be aligned to the left edge of the first channel, hence the sync channel center is offset by 41 RBs(53-12) compared to the center of the first channel.
Proposal 6: The synchronization raster for 30kHz and 40MHz minimum channel bandwidth is given by the following formula:
Lower band edge(MHz)+ Minimum Ch. Bw/2(MHz)+Offset from first channel center(MHz) + N*14.79MHz, N chosen such that last entry is at Upper band edge-Minimum Ch. Bw/2
Example: Band n78, DL 4.4-5GHz, 40MHz minimum BW
Sync raster: 4.42+41*0.36+N*29.55=4434.76+N*29.55, N=0 up to 19 ->20 entries
2.4 Synchronization Raster for SCS Based Raster in Frequency Range 2
2.4.1	Synchronization Raster for 120kHz Sync Block SCS 
120kHz SCS is the main candidate for bands in Frequency range 2 because the minimum channel bandwidth is 50MHz for which the spectral utilization is 32RBs. According to Section 2.1, the sync raster periodicity should be (32-24)*1.44+0.12=11.64 MHz. Alos, the first entry is offset compared to the first channel by 4 RBs(16-12)=5.76MHz. 
Proposal 7: The sync raster for bands with sync block SCS of 120kHz and 50MHz minimum channel bandwidth is given by the following formula:
Lower band edge(MHz)+ Minimum Ch. Bw/2(MHz)+Offset from first channel center(MHz) + N*11.64MHz, N chosen such that last entry is at Upper band edge-Minimum Ch. Bw/2
Example: Band n257, DL Freq range 26.5-29.5GHz, 50MHz
120kHz sync SCS : sync raster is 26530.76 + N*11.64, N=0 to 255 -> total of 256 entries
2.5 Synchronization Raster Issues
Based on the numbers shown in previous sections, it is obvious that a significant down selection of the synchronization raster is possible only in a few bands and results in a very large number of entries for most bands. Based on the current agreements and the proposed bands (n1, n3, n7, n8, n26, n28, n41, n66, n77 with 30kHz sync SCS and 1.5GHz DL band) the total number of entries is 11400. If we assume 20ms sync periodicity and 5 occasions for each raster entry, a UE would spend about 20 minutes searching only through these bands. Considering that many more bands will be added in the future, we do not believe it will be possible for a UE to search all the channel raster entries in practice. As such, even if such a synchronization raster is defined in the specifications, it will not be useful in practice.
Observation: The synchronization raster defined based on the current agreements will make it impractical for UEs to search all possible sync raster entries. 
It should be noted that in the last meeting there were some proposals to even allow multiple hypothesis for the sync block SCS. This would increase the complexity and search time linearly. From a UE perspective, such solution is definitely not preferred. 
The down selection of the synchronization raster depends mostly on the minimum channel bandwidth and the sync block bandwidth. It is highly unlikely that the minimum channel bandwidth will be changed as it strongly depends on the operator spectrum hoding. The only practical way to limit the search complexity is to reduce the PBCH bandwidth.
To give an example of what PBCH reduction could achieve, we present some examples below with 12RBs PBCH bandwidth.
· 15kHz Sync block
· Minimum channel BW with 15kHz =25RBs, sync block=12 RBs -> basic sync block periodicity is 14 RBs=2520kHz
· In order to cover 3 offsets of 100kHz, 3 entries every 2520kHz are needed
· Based on the channel raster, the first entry based on 15kHz sync should be 2.5MHz+6.5RBs=3.67MHz
· Proposed sync raster entries -> start at 2.5MHz offset from low edge of band, 3 entries in 100kHz steps  every 2.52MHz up to 2.5MHz from upper edge of band 
· Examples:
· Band n3(LTE band 3) – DL Frequency range 1805-1880, minimum Channel bandwidth 5MHz
· 15kHz sync SCS, sync raster is 1808.67 + N*0.1+ M*2.52 , N=0 to 2, M=0 to 27 -> 84 entries compared to 700 entries based on current agreements(24 RB PBCH)
· Band n66(LTE Band 66) – DL Frequency range 2110-2180
· 15kHz sync SCS – sync raster is 2113.67 + N*0.1 + M*2.52, N=0 to 2, M=0 to 25 -> 78 entries compared to 600 entries based on current agreemetns(24 RB PBCH)
· 30kHz Sync block SCS
· Minimum channel BW with 30kHz =24RBs, sync block=12 RBs -> basic sync block periodicity is 13RBs=4680kHz
· Based on the channel raster, the first entry based on 30kHz sync should be 6RBs offset to the center of the first channel
· Proposed sync raster entries -> should start at 5MHz+2.16MHz offset from low edge of band, 3 entries in 100kHz steps every 4.68MHz up to 5MHz from upper edge of band 
· Band n66(LTE Band 66) – DL Frequency range 2110-2180
· 30kHz sync SCS – sync rater is 2117.16+N*0.1+M*4.68, N=0 to 2, M=0 to 12 -> 39 entries
For Band n66, even if both 15khz and 30kHz SCS are allowed, the total number of entries would be 117 entries instead of 1250 entries based on the currently agreed parameters.
It should be noted that if the SCS raster would be agreed, the synchronization raster could be further reduced by a factor of 3. This is further explained in [X]
3. 	Conclusion
In this paper we proposed the definition of the NR synchronization raster based on the currently agreed parameters. The definitions for different sync block SCS and channel raster types are summarized in Proposals 1-7.
We also noted that based on the current agreements, the initial cell search time would be too long for a practical UE implementation. As such, it is unlikely that any UE will actually search all the possible entries. This effectively implies that even if we define a minimum channel bandwidth in which UE should do initial acquisition, this channel may not be acquired by many UEs depending on its location.
In order to mitigate this problem, the best approach would be to limit the PBCH bandwidth and to use the SCS based raster in as many bands as possible. This can lead to about 10x reduction in the acquisition time.
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