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Summary

This contribution discusses NR synchronization signal raster for both FR1 and FR2.

1
Introduction

NR channel raster and synchronization signal (SS) raster were discussed in the past RAN4 meetings. A WF was agreed in the Dubrovnik meeting [1]. This contribution provides our views on the NR synchronization signal raster for both FR1 and FR2.
2
Discussion
The agreements on channel raster in the WF is reproduced below [1].
a. Band n41 raster
· Adopt SCS based raster for Band n41 
· Band n85 (SUL band covering the same frequency range as n41) will use the channel raster defined for SUL bands which is FFS
a. 100kHz Based Raster

· Raster entries are given by the following equation for each band

· Lower band edge(MHz)+ N*0.1MHz, N chosen such that last entry is at Upper band

· Raster to subcarrier position mapping

· Raster points to the center of the channel 

· SC#0 of RB# NRB/2 for even number of RBs

· SC#6 of RB# floor(NRB/2)for odd number of RBs

b. SCS Based Raster

· Raster will be based on absolute frequency values

· The raster positions will be integer multiples of 15kHz for sub6 bands

· The raster positions will be integer multiples of 60kHz for mmWave range bands

· Options for numbering of the raster entries:

· Raster entries are band specific

· Raster entries are indexed from 0kHz

· Raster to subcarrier position mapping

· Raster points to the center of the channel 

· SC#0 of RB# NRB/2 for even number of RBs

· SC#6 of RB# floor(NRB/2)for odd number of RBs

a. RB/Subcarrier location with multiple numerologies
i. How the UE determines the RB placement for different numerologies is FFS

RAN1 has confirmed that the entire SS/PBCH block can be offset from the resource block grid [7], which is the “floating sync” concept. The SS block size is 20 PRBs.

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

Figure 1: Relationship among different elements
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The minimum channel bandwidth and SS SCS were agreed and captured in [3].  The latest agreement of spectrum utilization is captured in [4].

Table 1: Minimum CHBW and SS SCS for bands in FR1
	Sub 6 NR Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing (Default) 

	n1
	5 MHz
	15 kHz 

	n3
	5 MHz
	15 kHz

	n5
	5 MHz,10 MHz
	15 kHz,30 kHz

	n7
	5 MHz
	15 kHz

	n8
	5 MHz
	15 kHz

	n20
	5 MHz
	15 kHz

	n28
	5 MHz
	15 kHz

	n41
	10 MHz
	[15 kHz, 30 kHz]

	n66
	5 MHz , 10 MHz
	15 kHz, 30 kHz

	n70
	5 MHz
	15 kHz

	n71
	5 MHz
	15 kHz

	1.427-1.518 GHz
	5 MHz
	15 kHz

	n78
	10 MHz
	30 kHz

	n77
	10 MHz
	30 kHz

	n79
	[40 MHz]
	30 kHz


Table 2: Minimum CHBW and SS SCS for bands in FR2

	mmWave Bands
	Minimum Channel bandwidth
	SS block sub-carrier spacing (Default) 

	n257
	50 MHz,100 MHz
	[120 kHz, 240 kHz]

	n258
	50 MHz,100 MHz
	[120 kHz, 240 kHz]

	n260
	50 MHz,100 MHz
	[120 kHz, 240 kHz]


Table 3: Spectrum utilization for FR1
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Table 4: Spectrum utilization FR2
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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. This gives the maximum SS raster value.
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.
2.1
Synchronization signal raster locations for 100kHz based

The following table provides the SS raster (together with repetition) and the number of SS entries for different bands. The SS block for a channel cannot be shared by the next two channels, which is explained in [5]. It is noted that the number of SS 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 [6], which is the “floating sync” concept.
Table 5: SS raster and number of SS entries for the bands (100kHz based channel raster)
	Band (BW)
	Channel raster in kHz
	Min BW in MHz
	SS raster in kHz (SS SCS 15kHz)
	SS raster repetition
	Number of SS entries (SS SCS 15kHz)
	SS raster in kHz (SS SCS 30kHz)
	SS raster repetition
	Number of SS entries (SS SCS 30kHz)

	n1 (60MHz)
	100
	5
	800
	3
	75x3
	
	
	

	n2 (60MHz)
	100
	5
	800
	3
	75x3
	
	
	

	n3 (75MHz)
	100
	5
	800
	3
	93x3
	
	
	

	n5 (25MHz)
	100
	5
	800
	3
	31x3
	
	
	

	n5 (25MHz)
	100
	10
	
	
	
	1100
	3
	22x3

	n7 (70MHz)
	100
	5
	800
	3
	87x3
	
	
	

	n8 (35MHz)
	100
	5
	800
	3
	43x3
	
	
	

	n20 (30MHz)
	100
	5
	800
	3
	37x3
	
	
	

	n28 (45MHz)
	100
	5
	800
	3
	56x3
	
	
	

	n50 (85MHz)
	100
	5
	800
	3
	106x3
	
	
	

	n51 (5MHz)
	100
	5
	800
	3
	6x3
	
	
	

	n66 (70MHz)
	100
	5
	800
	3
	87x3
	
	
	

	n66 (70MHz)
	100
	10
	
	
	
	1100
	3
	63x3

	n70 (15MHz)
	100
	5
	800
	3
	31x3
	
	
	

	n71 (35MHz)
	100
	5
	800
	3
	43x3
	
	
	

	n74 (43MHz)
	100
	5
	800
	3
	53x3
	
	
	

	n75 (85MHz)
	100
	5
	800
	3
	106x3
	
	
	

	n76 (5MHz)
	100
	5
	800
	3
	6x3
	
	
	

	1.427-1.518GHz
	100
	5
	800
	3
	113x3
	
	
	

	
	
	
	
	
	
	
	
	


For SS SCS of 15kHz case, the calculated maximum SS raster is 800kHz with repetition of 3. For SS SCS of 30kHz case, the calculated maximum SS raster is 1100kHz with repetition of 3. The repetition is explain in [5], which can be shown in the figure below [5].
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The SSB could be allocated anywhere within the minimum channel bandwidth. For simplicity, we suggest to allocate the first SSB at the lowest possible PRBs in the first minimum channel bandwidth.
Proposal 1a: For the re-farming bands with 5MHz minimum channel bandwidth and 15kHz SS SCS, the first subcarrier of the first SSB in the first set of three is at the SC#0 of the PRB#0 in the first channel of the band. The second SSB in the first set of three is at 100kHz higher than the first SSB. The third SSB in the first set of three is at 200kHz higher than the first SSB. The SS raster is 800kHz.
Proposal 1b: For the re-farming bands with 10MHz minimum channel bandwidth and 30kHz SS SCS, the first subcarrier of the first SSB in the first set of three is at the SC#0 of the PRB#0 in the first channel of the band. The second SSB in the first set of three is at 100kHz higher than the first SSB. The third SSB in the first set of three is at 200kHz higher than the first SSB. The SS raster is 1100kHz.

2.2
Synchronization signal raster locations for SCS based

The following table provides the SS raster and the number of SS entries for different bands, for FR1.

Table 6: SS raster and number of SS entries for the bands in FR1 (SCS based)
	Band
	Channel raster in kHz
	Min BW in MHz
	SS raster in kHz (SS SCS 15kHz)
	Number of SS entries (SS SCS 15kHz)
	SS raster in kHz (SS SCS 30kHz)
	Number of SS entries (SS SCS 30kHz)

	n41
(2.496-2.690GHz)
	15
	10
	5595
	34
	1095
	177

	n77
(3.3-4.2GHz)
	15
	10
	
	
	1095
	821

	n78
(3.3-3.8GHz)
	15
	10
	
	
	1095
	456

	n79
(4.4-5.0GHz)
	15
	40
	
	
	30615
	19


From the above table, we can see that the SS entries for n41 is 34 with 15kHz SS SCS, and it is 177 with 30kHz SS SCS. In order to reduce the searching time and reduce the complexity, we would suggest to choose only one SS SCS as the default value. It is better to choose 30kHz which is the same as that for n77/n78/n79.
Proposal 2: It is proposed to choose 30kHz as the default SS SCS for n41.
The SSB could be allocated anywhere within the minimum channel bandwidth. In order to reduce the number of SS entries, we suggest to allocate the first SSB at the highest possible PRBs in the first minimum channel bandwidth.

Proposal 3a: For the bands in FR1 with 10MHz minimum channel bandwidth and 30kHz SS SCS, the first subcarrier of the SSB is at the SC#0 of the PRB#3 in the first channel of the band. The SS raster is 1095kHz.

Proposal 3b: For the re-farming bands with 40MHz minimum channel bandwidth and 30kHz SS SCS, the first subcarrier of the SSB is at the SC#0 of the PRB#85 in the first channel of the band. The SS raster is 30615kHz.

The following table provides the SS raster and the number of SS entries for different bands, for FR2. For SS SCS of 240kHz, there is no agreement on spectrum utilization. It is assumed that its SU is 32RBs for minimum channel BW of 100MHz in the following calculations.
Table 7: 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
	SS raster in kHz (SS SCS 120kHz)
	Number of SS entries (SS SCS 120kHz)
	SS raster in kHz (SS SCS 240kHz)
	Number of SS entries (SS SCS 240kHz)

	n257 (26.5-29.5GHz)
	60
	50
	15900
	188
	
	

	
	60
	100
	
	
	31740
	94

	n258 (24.25-27.5GHz)
	60
	50
	15900
	204
	
	

	
	60
	100
	
	
	31740
	102

	n260 (37-40GHz)
	60
	50
	15900
	188
	
	

	
	60
	100
	
	
	31740
	94


From the above table, we can see that the SS entries do not have significant difference between the case of 120kHz and 240kHz. In order to reduce the searching time and reduce the complexity, we would suggest to choose only one SS SCS as the default value. If the minimum channel bandwidth is 50MHz, SS SCS of 120kHz is the default. If the minimum channel bandwidth is 100MHz, SS SCS of 240kHz is the default.
Proposal 4: It is proposed to choose one default SS SCS for n257/n258/n260, either 120kHz or 240kHz depending on the minimum channel bandwidth.
Proposal 5a: If SS SCS of 120kHz is chosen for a band in FR2, the first subcarrier of the SSB is at the SC#0 of the PRB#11 in the first channel of the band. The SS raster is 15900kHz.

Proposal 5b: If SS SCS of 240kHz is chosen for a band in FR2, the first subcarrier of the SSB is at the SC#0 of the PRB#11 in the first channel of the band. The SS raster is 31740kHz.

3
Conclusions

This contribution provides the calculations of SS raster and number of SS entries for various bands, and a few observation and proposals.
Proposal 1a: For the re-farming bands with 5MHz minimum channel bandwidth and 15kHz SS SCS, the first subcarrier of the first SSB in the first set of three is at the SC#0 of the PRB#0 in the first channel of the band. The second SSB in the first set of three is at 100kHz higher than the first SSB. The third SSB in the first set of three is at 200kHz higher than the first SSB. The SS raster is 800kHz.

Proposal 1b: For the re-farming bands with 10MHz minimum channel bandwidth and 30kHz SS SCS, the first subcarrier of the first SSB in the first set of three is at the SC#0 of the PRB#0 in the first channel of the band. The second SSB in the first set of three is at 100kHz higher than the first SSB. The third SSB in the first set of three is at 200kHz higher than the first SSB. The SS raster is 1100kHz.

Proposal 2: It is proposed to choose 30kHz as the default SS SCS for n41.

Proposal 3a: For the bands in FR1 with 10MHz minimum channel bandwidth and 30kHz SS SCS, the first subcarrier of the SSB is at the SC#0 of the PRB#3 in the first channel of the band. The SS raster is 1095kHz.

Proposal 3b: For the re-farming bands with 40MHz minimum channel bandwidth and 30kHz SS SCS, the first subcarrier of the SSB is at the SC#0 of the PRB#85 in the first channel of the band. The SS raster is 30615kHz.

Proposal 4: It is proposed to choose one default SS SCS for n257/n258/n260, either 120kHz or 240kHz depending on the minimum channel bandwidth.
Proposal 5a: If SS SCS of 120kHz is chosen for a band in FR2, the first subcarrier of the SSB is at the SC#0 of the PRB#11 in the first channel of the band. The SS raster is 15900kHz.

Proposal 5b: If SS SCS of 240kHz is chosen for a band in FR2, the first subcarrier of the SSB is at the SC#0 of the PRB#11 in the first channel of the band. The SS raster is 31740kHz.
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