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Summary

This contribution discusses NR synchronization signal raster for bands above 2.6GHz.

1
Introduction
NR channel raster and synchronization signal (SS) raster were discussed in the past RAN4 meetings. A WF was agreed in the Berlin meeting [1]. This contribution provides our views on the NR synchronization signal raster for bands above 2.6GHz.
2
Discussion
2.1
Subcarrier spacing (SCS) based 
The agreements on channel raster and synchronization signal raster, which is relevant to the bands above 2.6GHz, is reproduced below [1].

· Channel raster for bands above 2.6GHz (above Band 41) is tentatively agreed to be a subcarrier based raster (i.e 15kHz for range 1 and 60kHz for range 2), pending further check at RAN4 NR AH#3 and RAN1 decision

· If subcarrier based raster is finally agreed, exact position of the subcarrier raster in each band to be agreed in RAN4 NR AH#3 

· Send LS to RAN1 to ask RAN1 to enable “floating sync” in RAN4#83 (see Annex), subject to feasibility

· Floating sync enables SCS based raster and down selection of the sync raster for bands using 100kHz raster
· Sync raster will be defined such that there is a minimum number of entries for each band
· Sync raster entries will be included in the specifications for each band
· Sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signaled to the UE
RAN1 has an agreement on subcarrier grid in NR [2], which is re-produced below.

· Subcarrier grid in NR is Alt.1, i.e., “Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.”

The following figure illustrates the relationship among NR band, minimal channel bandwidth, synchronization signal, channel raster, and SS raster.

Figure 1: Relationship among different elements
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The channel raster for frequency range 1 is tentatively agreed to be 15kHz. The SS size is 24RB, and the SS SCS could be 15kHz or 30kHz. 

The channel raster for frequency range 2 is tentatively agreed to be 60kHz. The SS size is 24RB, and the SS SCS could be 120kHz or 240kHz.
The minimum channel bandwidths were agreed and captured in [3].  The latest agreement of spectrum utilization is captured in [4]. They are re-produced in the following tables.
Table 1: Bandwidths of the bands above 2.6GHz
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Table 2: Spectrum utilization of sub-6GHz
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Table 3: Spectrum utilization of mmWave
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The following equation provides the relationship between the channel raster and the maximal SS raster which is an integer multiple of the channel raster.

RSS = Floor((CBWeff-min - BWSS + RCH)/ RCH) * RCH

where, 
RSS is SS raster;



CBWeff-min is effective minimum carrier bandwidth;



BWSS is SS bandwidth;

RCH is channel raster.

SS raster entries (locations) are given by the following equation (in kHz), which are the locations of the first subcarrier 0 of the SS.

FDL_sync = (SCSdata_max / 2) + (CBWeff-min - BWSS) + RSS * NDL_sync
where, 
SCSdata_max is the maximum data SCS for the corresponding frequency range in kHz;

CBWeff-min is effective minimum carrier bandwidth in kHz;

BWSS is SS bandwidth in kHz;
RSS is SS raster in kHz;

NDL_sync is the index of the SS entry.

The following table provides the SS raster and the number of SS entries for different bands, for frequency range 1. It is noted that the number of SS raster entries is derived assuming the “floating sync” is feasible and enabled from RAN1’s perspective. RAN1 has confirmed that the entire SS/PBCH block can be offset from the resource block grid [5], which is the “floating sync” concept.
Table 4: SS raster and number of SS entries for the bands in frequency range 1 (SCS based)
	Band
	Channel raster in kHz
	Min BW in MHz
	Data SCS in kHz
	SU (number of RBs)
	SS raster in kHz (SS SCS 15kHz)
	SS raster in kHz (SS SCS 30kHz)
	Number of SS entries (SS SCS 15kHz)
	Number of SS entries (SS SCS 30kHz)

	n77 (3.3-4.2GHz)
	15
	10
	15
	52
	5055
	15
	178
	60000

	
	
	
	30
	24
	5055
	15
	178
	60000

	
	
	
	60
	11
	5055
	15
	178
	60000

	n78 (3.3-3.8GHz)
	15
	10
	15
	52
	5055
	15
	98
	33333

	
	
	
	30
	24
	5055
	15
	98
	33333

	
	
	
	60
	11
	5055
	15
	98
	33333

	n79 (4.4-5.0GHz)
	15
	40
	15
	216
	34575
	29535
	17
	20

	
	
	
	30
	106
	34575
	29535
	17
	20

	
	
	
	60
	51
	34575
	29535
	17
	20


From the above table, we can see that for some cases the SS raster value is very small (number of entries is large) and for some cases SS even cannot be allocated, if the SS SCS is 30kHz. So, it is suggested RAN4 only chooses 15kHz as the SS SCS for frequency range 1.

Observation 1: For frequency range 1, SS SCS of 15kHz leads to reasonable number SS entries in these bands.

Observation 2: For frequency range 1, SS SCS of 30kHz, the number of SS entries is large for Band n77 and Band n78.

Observation 3: For frequency range 1, SS SCS of 30kHz, since an extra RB is needed for “floating sync” the minimum channel bandwidth of 10MHz cannot fit 25RBs. Reducing the SSB size is a potential solution.
The following table provides the SS raster and the number of SS entries for different bands, for frequency range 2. For SS SCS of 240kHz, it is assumed that its SU is 16RBs in the calculations.
Table 5: SS raster and number of SS entries for the bands in frequency range 2 (SCS based)
	Band
	Channel raster in kHz
	Min BW in MHz
	Data SCS in kHz
	SU (number of RBs)
	SS raster in kHz (SS SCS 120kHz)
	SS raster in kHz (SS SCS 240kHz)
	Number of SS entries (SS SCS 120kHz)
	Number of SS entries (SS SCS 240kHz)

	n257 (26.5-29.5GHz)
	60
	50
	60
	66
	11580
	
	259
	

	
	
	
	120
	32
	11580
	
	259
	

	n258 (24.25-27.5GHz)
	60
	50
	60
	66
	11580
	
	280
	

	
	
	
	120
	32
	11580
	
	280
	

	n259 (31.8-33.4GHz)
	60
	50
	60
	66
	11580
	
	138
	

	
	
	
	120
	32
	11580
	
	138
	

	n260 (37-40GHz)
	60
	50
	60
	66
	11580
	
	259
	

	
	
	
	120
	32
	11580
	
	259
	


From the above table, we can see that for all cases SS even cannot be allocated, if the SS SCS is 240kHz. So, it is suggested RAN4 only chooses 120kHz as the SS SCS for frequency range 2.

Observation 4: For frequency range 2, SS SCS of 120kHz leads to reasonable number SS entries in these bands.

Observation 5: For frequency range 2, SS SCS of 240kHz cannot be supported.

2.2
Resource block (RB) based 
RB based channel raster was approved three meetings ago. In this subsection, we provide the calculations for RB based for comparison purpose.

RSS = Floor((CBWeff-min - BWSS + RCH)/ RCH) * RCH
FDL_sync = (SCSdata_max / 2) + (CBWeff-min - BWSS) + RSS * NDL_sync
The following table provides the SS raster and the number of SS raster entries for different bands, for frequency range 1.

Table 6: SS raster and number of SS raster entries for the bands in frequency range 1 (RB based)
	Band
	Channel raster in kHz
	Min BW in MHz
	Data SCS in kHz
	SU (number of RBs)
	SS raster in kHz (SS SCS 15kHz)
	SS raster in kHz (SS SCS 30kHz)
	Number of SS raster entries (SS SCS 15kHz)
	Number of SS raster entries (SS SCS 30kHz)

	n77 (3.3-4.2GHz)
	180
	10
	15
	52
	5220
	180
	172
	5000

	
	
	
	30
	24
	5220
	180
	172
	5000

	
	
	
	60
	11
	5220
	180
	172
	5000

	n78 (3.3-3.8GHz)
	180
	10
	15
	52
	5220
	180
	95
	2777

	
	
	
	30
	24
	5220
	180
	95
	2777

	
	
	
	60
	11
	5220
	180
	95
	2777

	n79 (4.4-5.0GHz)
	180
	40
	15
	216
	34740
	29700
	17
	20

	
	
	
	30
	106
	34740
	29700
	17
	20

	
	
	
	60
	51
	34740
	29700
	17
	20


Observation 6: For SS SCS of 15kHz in frequency range 1, the number of SS raster entries for RB based channel raster case is similar to that for SCS based channel raster case.
The following table provides the SS raster and the number of SS raster entries for different bands, for frequency range 2.

Table 7: SS raster and number of SS raster entries for the bands in frequency range 2 (RB based)
	Band
	Channel raster in kHz
	Min BW in MHz
	Data SCS in kHz
	SU (number of RBs)
	SS raster in kHz (SS SCS 120kHz)
	SS raster in kHz (SS SCS 240kHz)
	Number of SS raster entries (SS SCS 120kHz)
	Number of SS raster entries (SS SCS 240kHz)

	n257 (26.5-29.5GHz)
	720
	50
	60
	66
	12240
	
	245
	

	
	
	
	120
	32
	12240
	
	245
	

	n258 (24.25-27.5GHz)
	720
	50
	60
	66
	12240
	
	265
	

	
	
	
	120
	32
	12240
	
	265
	

	n259 (31.8-33.4GHz)
	720
	50
	60
	66
	12240
	
	130
	

	
	
	
	120
	32
	12240
	
	130
	

	n260 (37-40GHz)
	720
	50
	60
	66
	12240
	
	245
	

	
	
	
	120
	32
	12240
	
	245
	


Observation 7: For SS SCS of 120kHz in frequency range 2, the number of SS raster entries for RB based channel raster case is similar to that for SCS based channel raster case.
3
Conclusions

This contribution provides the calculations of SS raster and number of SS raster entries for various bands, and a couple of proposals and observations.
Observation 1: For frequency range 1, SS SCS of 15kHz leads to reasonable number SS entries in these bands.

Observation 2: For frequency range 1, SS SCS of 30kHz, the number of SS entries is large for Band n77 and Band n78.

Observation 3: For frequency range 1, SS SCS of 30kHz, since an extra RB is needed for “floating sync” the minimum channel bandwidth of 10MHz cannot fit 25RBs. Reducing the SSB size is a potential solution.
Observation 4: For frequency range 2, SS SCS of 120kHz leads to reasonable number SS entries in these bands.

Observation 5: For frequency range 2, SS SCS of 240kHz cannot be supported.

Observation 6: For SS SCS of 15kHz in frequency range 1, the number of SS raster entries for RB based channel raster case is similar to that for SCS based channel raster case.
Observation 7: For SS SCS of 120kHz in frequency range 2, the number of SS raster entries for RB based channel raster case is similar to that for SCS based channel raster case.
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