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1 Background 
Channel arrangements and raster were discussed in previous RAN4 meetings and agreements have been made step-by-step through numerous way-forward agreements [1-4], mostly concerning the RF channel raster. The discussion of the sync channel raster have progressed as well, but final decisions have been held back by uncertainty regarding the SS block structure. The SS block structure has now been changed by RAN1 [5] and we can base further analysis on an SS/PBCH bandwidth of 20 PRB. There are sufficient agreements in place to establish a sync channel raster as well as a numbering scheme.

This paper makes concrete proposals for a detailed sync raster concept applicable to all bands. 

2 Synchronization raster concept 
Analysis of initial synchronization and the implications for the sync channel raster was made in many previous papers (e.g. [6]) and the advantages of a more sparse raster have been emphasized. The SS block consists of the synchronization channels PSS/SSS and the PBCH. The possible sync raster can be derived from the SS block bandwidth together with the predetermined SS block SCS and the minimum channel BW in each operating band.

The recent agreements in RAN1 concerning SS block numerology and channel bandwidth are summarized as follows [5]:

· For both sub-6 and above-6, reduce the PBCH to 20 PRB per symbol (working assumption)

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band n5 and band n66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

The main impact from the above agreement on the following discussion is the changed PBCH bandwidth to 20 PRB. It has previously been agreed in RAN1 that SS/PBCH block can be offset from the resource block grid and be anywhere on the subcarrier grid [7], which makes it possible to place a carrier anywhere on a subcarrier based channel raster, while at the same time have a sparse sync raster.
The advantages of having a more sparse sync channel raster in terms of reduced search time for the initial access. It relies on the SS block bandwidth being smaller than BW of the transmitted carrier resource blocks from the BS and that it is not in a fixed position within the configured bandwidth. It is the width of the PBCH being 240 subcarriers (20 PRB) that will define the flexibility of how to place the sync channel. 
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Figure 1: Possible shifts for the PBCH as the transmitted carrier is shifted on the RF carrier raster.
In the example in Figure 1, two carrier positions 1 and 2 (adjacent on the channel raster) are shown leading to two different placements of the PBCH. As illustrated in Figure 1, the sync channel raster spacing ΔFSS,Raster will be limited by the following equation:

ΔFSS,Raster ≤ BWRB,carrier – BWPBCH + ΔFCH,Raster
(1)
where BWRB,carrier is the bandwidth of the Carrier Resource Blocks at the predetermined SCS, BWPBCH is the width of the PBCH and ΔFCH,Raster is the channel raster spacing. Equation (1) will be used in the following to derive the possible sync channel raster s in different bands. The number of Carrier Resource Blocks BWRB,carrier depends on the SCS and is given by the spectrum utilization, where latest agreements are found in [8]. Note that BWRB,carrier is the minimum bandwidth assuming the same SCS as for the SS block. 
3 Sync raster in re-farming bands

3.1 Maximum sync raster spacing

It was agreed in a previous way forward [3] that “Channel raster for LTE re-farming bands up to 2.6 GHz is based on 100 kHz channel raster (same as LTE)”. With a 100 kHz channel raster and assuming that 5 MHz is the minimum channel bandwidth in re-farming bands, it was previously shown that there would be no flexibility left in having a sparse sync raster for this case. With the choice of a 20 PRB PBCH bandwidth, more possibilities open up. 
The 5 MHz channel BW has a 25 RB spectrum utilization for 15 kHz SCS and equation (1) will for this case give ΔFSS,Raster ≤ 25*12*0.015 – 20*12*0.015 + 0.015 MHz = 0.915 MHz.
An additional issue for the re-farming bands however is that the SS block will be on a fixed sync raster, but may be located anywhere within the carrier and the offset between RF channel center and the SS block must be an integer multiple of the SCS in order to be aligned. Since the least common multiple of the 15 kHz SCS and the 100 kHz channel raster is 300 kHz, only one out of three channel raster points will give alignment. As shown in [9], this can be solved by having three repetitions of the synch channel raster. Note that the same repetition is needed for all cases with the 100 kHz channel raster.
One obvious choice of sync raster for the case 5 MHz @15kHz SCS, based on above discussions, would be a 900 kHz raster with 3 repetitions, with an “effective” raster spacing of 300 kHz.

OBSERVATION 1: In re-farming bands with a 100 kHz RF channel raster, a sync raster with 3 repetitions will be needed to align the SS block positions with the subcarrier raster, both at 15 kHz and 30 kHz SCS.

For a re-farming band with 10 MHz minimum channel BW at 15 kHz SCS and 52 RB spectrum utilization, equation (1) leads to ΔFSS,Raster ≤ 5.775 MHz, while 20 MHz minimum channel BW and 106 RB spectrum utilization leads to ΔFSS,Raster ≤ 15.495 MHz.
OBSERVATION 2: In re-farming bands with with a 100 kHz RF channel raster, a sparse raster (>100 kHz spacing) is possible for all minimum channel BW down to 5 MHz.
Table 1 shows the Maximum sync raster spacing possible for different minimum channel BW and SCS in re-farming bands.
.

Table 1: Derived maximum sync raster spacing 
in re-farming bands with 100 kHz RF channel raster

	Minimum BW [MHz]
	SCS for SS [kHz]
	NRB,Carrier 
	Max ΔFSS,Raster [MHz]
	Raster repetitions

	5
	15
	25
	0,915
	3

	10
	15
	52
	5,775
	3

	10
	30
	24
	1,470
	3

	15
	15
	79
	10,635
	3

	15
	30
	38
	6,510
	3

	20
	15
	106
	15,495
	3

	20
	30
	51
	11,190
	3


3.2 Choice of sync raster spacing per band

While the sync raster spacing values in Table 1 are possible, they may not always be desirable. As an example, we can take the maximum ΔFSS,Raster for 15 kHz SCS in the table above and make an analysis for 10, 15 and 20 MHz minimum channel BW. In a given frequency range, the chosen sync raster spacing will generate a set of sync raster entries. These are shown in Figure 2 for a frequency range starting at X MHz using the maximum possible spacing according to Table 1. One example carrier location per case is also shown in the figure. 

[image: image2]
Figure 2: Example sync raster entries for 10, 15 and 20 MHz minimum BW when selecting the maximum possible
It is often the case that multiple bands are defined over the same frequency range and these may have different fundamental regulatory and operational requirements, which means that they can be defined with different minimum channel BW and/or SCS. In the Figure 2 example, assume that there are overlapping bands defined where one band has 10 MHz, one has 15 MHz and one has 20 MHz minimum channel BW. Each band would have its own sync raster according to the figure with a total of 8 raster points in the 20 MHz range.
It is however possible to make a slightly different choice of parameters where the sync raster spacings are integer multiples of each other as far as possible. This is demonstrated in Figure 3, where 4.5, 9.0 and 13.5 MHz are chosen as ΔFSS,Raster for the 10, 15 and 20 MHz min channel BW respectively. Each band can have its own sync raster according to the figure with a total of only 4 raster points in the 20 MHz range, even if bands are overlapping.

In case the bands are not overlapping, they would fundamentally keep the same number of raster points as before, but with a slightly higher density.

PROPOSAL 1: For overlapping bands with the same SCS for the SS block but different minimum channel BW, sync raster spacings should be selected as integer multiples of each other as far as possible. (Applies to all NR bands)
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Figure 3: Example sync raster entries for 10, 15 and 20 MHz minimum BW, 
selected as integer multiples of the 10 MHz case 
Since a large number of bands will have 5 MHz as the default minimum channel BW, 900 kHz sync raster will be predominant. It is for this reason proposed to select the 15 kHz SCS as multiples of 900 kHz. 
A similar scheme with integer multiples can be derived for 10 MHz and 30 kHz SCS, where the ΔFSS,Raster for 10, 15 and 20 MHz are all multiples of 1,38 MHz. The resulting sync raster schemes are shown in Table 2 for the both 15 kHz and 30 kHz SCS and minimum channel BW up to 20 MHz.
PROPOSAL 2: For re-farming bands, it is proposed to use sync raster spacing as outlined in Table 2.

Table 2: Proposed sync raster spacing 
in re-farming bands with 100 kHz RF channel raster

	Minimum BW [MHz]
	SCS for SS [kHz]
	NRB,Carrier
	ΔFSS,Raster [MHz]
	Raster repetitions
	Entries in 20 MHz



	5
	15
	25
	0,900
	3
	69

	10
	15
	52
	4,500
	3
	15

	10
	30
	24
	1,380
	3
	45

	15
	15
	79
	9,000
	3
	9

	15
	30
	38
	5,520
	3
	12

	20
	15
	106
	13,500
	3
	6

	20
	30
	51
	11,040
	3
	6


3.3 Numbering of entries and location of sync raster within each band

Looking at a single band, it does not really matter how the raster points are placed, since if spaced by ΔFSS,Raster, there will always be a raster entry and corresponding SS block available for an RF carrier regardless of the carrier placement. Raster entries closer to the band edge than BWPBCH/2 plus the carrier guard band are not usable however.

If raster entries between overlapping bands are to be aligned, the method of placing the raster entries would have to be aligned between bands. This is achieved if all sync raster entries are on an absolute frequency that is a multiple of ΔFSS,Raster, without any absolute frequency offset. The equation for the sync raster frequencies would be

F = ΔFSS,raster (NSS – NSS,Offs) + ΔFCH,Raster nrep
(2)
where NSS is the sync raster number for an entry and NSS,Offs is the Number offset used in a sequence for a specific SCS. The second term in equation (2) defines the three raster repetitions, where nrep ∈{0,1,2} in re-farming bands. This would provide a “generic” (global) sync raster across large frequency ranges for each possible SS block SCS. The following would be sufficient to cover all re-farming bands (with some margin):
· For SCS 15 kHz: F = 0.900 (NSS – NSS,Offs) + 0.015 Nrep [MHz], defined from 0 to 3000 MHz
· For SCS 30 kHz: F = 1.380 (NSS – NSS,Offs) + 0.030 Nrep [MHz], defined from 0 to 3000 MHz
While the total number of points on the generic raster would be large, there will only be a limited subset defined per band. Each band would have a set {NSS,low, … NSS,high} tabulated to define the sync raster entries applicable for that specific band. For the band with the lowest channel bandwidth, it would be a consecutive range of SS numbers. For bands with larger minimum channel BW, the raster is more sparse than for the minimum bandwidth and only every kth number would be listed for that band, assuming that ΔFSS,Raster is k times larger than for the minimum channel BW.
PROPOSAL 3: For each SCS in re-farming band (15 and 30 kHz SCS for SS block), a generic sync raster is defined across all bands based on the lowest minimum channel BW possible. The specific raster points applicable per band will be tabulated and will be a subset of the generic range.

4 Sync raster in NR bands above 2.6 GHz and band n41 (FR1)

4.1 Choice of sync raster spacing per band

In NR bands above 2.6 GHz and band n41within FR1, the carrier raster will be SCS based at 15 kHz spacing. This makes no fundamental difference for deriving the sync raster for those bands compared to the 100 kHz channel raster case. The difference comes when implementing the SS raster, since the RF channel will by default align with the SS raster since it is SCS based and no repetition of sync raster will be needed. Another difference is that 5 MHz channel BW will not be used in these bands.
Using the same principles as for the 100 KHz channel raster case, the parameters in Table 3 are derived. Also here, the chosen values for ΔFSS,Raster are slightly smaller than the maximum possible. For 15 kHz SCS, the ΔFSS,Raster chosen for 10, 15, 20 and 40 MHz minimum channel BW are all multiples of 5.16 MHz. For 30 kHz SCS, all ΔFSS,Raster values are multiples of 1.44 MHz.
PROPOSAL 4: For NR bands above 2.6 GHz and band n41 within FR1, it is proposed to use sync raster spacing as outlined in Table 3.

Table 3: Derived maximum sync raster spacing 
in NR bands above 2.6 GHz and band n41 (FR1) with SCS-based channel raster

	Minimum BW [MHz]
	SCS for SS [kHz]
	NRB,Carrier
	Max ΔFSS,Raster [MHz]
	ΔFSS,Raster [MHz]
	Raster repetitions

	10
	15
	52
	5,775
	5,160
	1

	10
	30
	24
	1,470
	1,440
	1

	15
	15
	79
	10,635
	10,320
	1

	15
	30
	38
	6,510
	5,760
	1

	20
	15
	106
	15,495
	15,480
	1

	20
	30
	51
	11,190
	7,200
	1

	40
	15
	216
	35,295
	30,960
	1

	40
	30
	106
	30,990
	28,800
	1


4.2 Numbering of entries
In the same way as for the re-farming bands, equation (2) is applicable also for NR bands above 2.6 GHz and band n41 within FR1 and a “generic” (global) sync raster can be defiuned across the frequency ranges. The following would be sufficient to cover the bands (with some margin), noting that the “raster repetition” would not be needed:

· For SCS 15 kHz: F = 5.160 (NSS – NSS,Offs) [MHz], defined from 2400 to 6000 MHz

· For SCS 30 kHz: F = 1.440 (NSS – NSS,Offs) [MHz], defined from 2400 to 6000 MHz

A subset {NSS,low, … NSS,high} would be tabulated to define the sync raster entries applicable for each band.

PROPOSAL 5: In NR bands above 2.6 GHz and band n41 (15 and 30 kHz SCS for SS block), a generic sync raster is defined across all bands based on the lowest minimum channel BW possible for each SCS. The specific raster points applicable per band will be tabulated.

5 Sync raster in NR bands above 2.6 GHz (FR2)

5.1 Choice of sync raster spacing per band

In FR2 bands, the carrier raster will be SCS based at 60 kHz spacing. No repetition of sync raster will be needed.

Using the same principles as for the FR1 bands, the parameters in Table 4 are derived. Also here, the chosen values for ΔFSS,Raster are slightly smaller than the maximum possible. Note that spectrum utilization is only agreed for 120 kHz SCS in [8], so 240 kHz SCS is not covered here. For 120 kHz SCS, the ΔFSS,Raster chosen for 50, 100 and 200 MHz minimum channel BW are all multiples of 16.2 MHz.

PROPOSAL 6: For FR2 bands, it is proposed to use sync raster spacing as outlined in Table 4.

Table 4: Derived maximum sync raster spacing 
in NR bands (FR2) with SCS-based channel raster

	Minimum BW [MHz]
	SCS for SS [kHz]
	“Assumed”
NRB,Carrier 
	Max ΔFSS,Raster [MHz]
	ΔFSS,Raster [MHz]
	Raster repetitions

	50
	120
	32
	17,400
	16,200
	1

	100
	120
	66
	66,360
	48,600
	1

	200
	120
	132
	161,400
	145,800
	1


5.2 Numbering of entries

In the same way as for the re-farming bands, equation (2) is applicable also for NR bands above 2.6 GHz and band n41 within FR1 and a “generic” (global) sync raster can be defiuned across the frequency ranges. The following would be sufficient to cover the bands (with some margin), noting that the “raster repetition” would not be needed:

· For SCS 120 kHz: F = 16.200 (NSS – NSS,Offs) [MHz], defined from 24.25 GHz to 52.6 GHz

A subset {NSS,low, … NSS,high} would be tabulated to define the sync raster entries applicable for each band.

PROPOSAL 7: In FR2 bands (120 kHz SCS for SS block), a generic sync raster is defined across all bands based on the lowest minimum channel BW possible. The specific raster points applicable per band will be tabulated.

6 Alternative numbering of sync raster entries
The numbering scheme of SS above is based on a global numbering NSS for each SS block SCS in each band. This would mean that a sync raster entry would have a number related to its position only, regardless of what band it “belongs” to. It is estimated that all frequency ranges discussed above could then be numbered using ~10000 sync rater entries (not counting the repetition of the raster for the re-farming bands).
An alternative way of numbering is to have a separate number sequence NSS defined per operating band, still observing the restrictions stated above regarding overlapping bands. This would require a somewhat smaller number of raster entries, but the numbering would be more complex. It would for example not anymore be obvious from the SS raster entry number NSS whether two entries are actually on the same frequency, which should be observed for efficient initial access.
7 Proposal
The following is proposed:
PROPOSAL 1: For overlapping bands with the same SCS for the SS block but different minimum channel BW, sync raster spacings should be selected as integer multiples of each other as far as possible. (Applies to all NR bands)

Re-farming bands:

PROPOSAL 2: For re-farming bands, it is proposed to use sync raster spacing as outlined in Table 2.

PROPOSAL 3: For each SCS in re-farming band (15 and 30 kHz SCS for SS block), a generic sync raster is defined across all bands based on the lowest minimum channel BW possible. The specific raster points applicable per band will be tabulated and will be a subset of the generic range.

NR bands above 2.6 GHz and band n41 within FR1:
PROPOSAL 4: For NR bands above 2.6 GHz and band n41 within FR1, it is proposed to use sync raster spacing as outlined in Table 3.

PROPOSAL 5: In NR bands above 2.6 GHz and band n41 (15 and 30 kHz SCS for SS block), a generic sync raster is defined across all bands based on the lowest minimum channel BW possible for each SCS. The specific raster points applicable per band will be tabulated.

FR2 bands:
PROPOSAL 6: For FR2 bands, it is proposed to use sync raster spacing as outlined in Table 4.

PROPOSAL 7: In FR2 bands (120 kHz SCS for SS block), a generic sync raster is defined across all bands based on the lowest minimum channel BW possible. The specific raster points applicable per band will be tabulated.
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