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1. Introduction
This contribution provides our further analysis for the detail solution of channelization and sync raster of licensed and unlicensed bands.
2. Channelization and sync raster
2.1 Background
2.1.1 RAN4 agreements
According to the agreement in the WF [1] in last RAN4 meeting,
Agreement: Consider the different channelization for licensed band(s) and unlicensed band(s)
· Fixed sync raster for unlicensed bands
· Fixed scheme should not be constrained by IEEE channel raster
· Send LS to RAN1 to make sure that RAN1 accommodates the solution already now for both fixed and floating sync raster.
· For the contiguous carrier aggregation, the channel spacing of adjacent channels should be multiple of the larger SCS, i.e., 960KHz, used by two channels/CCs
· Floating sync raster for licensed bands
· Stick to the agreement last meeting for 3 x 17.28MHz as the minimum granularity.
· Refer to gap between adjacent GSCN values is not smaller than 3 x 17.28MHz 
· FFS: Unlicensed bands tries to use the sub-set of sync raster for licensed bands
2.1.2 RAN1 agreements
In RAN1, the following agreements and working assumptions should be taken into account when RAN4 design channel raster and sync raster entries.
· Support 120kHz, 480 kHz SSB for initial access with the limitation that sync raster entries no larger than 665. 
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· Prioritize support SSB-CORESET0 multiplexing pattern 1. 
· Only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).
· Working assumption
· For {SSB, CORESET#0/Type0-PDCCH} = {120, 120} kHz, support multiplexing pattern 1 with 96 PRB CORESET#0, and {1, 2} symbol durations
· Note: the working assumption can be confirmed once RAN1 agrees on the number of needed SSB-CORESET0 offsets for 24 and 48 RB CORESET0 based on RAN4 channelization design
· Working assumption
For ‘controlResourceSetZero’ configuration for {SSB, CORESET#0/Type0-PDCCH} = {480, 480} kHz and {960, 960} kHz, 
· After supporting entries for multiplexing pattern 1 for the agreed pairs of (, ) ={(24, 2), (48, 1), (48,2)} (with required RB offsets) and multiplex pattern 3 with 24 and 48 PRB and 2 symbol duration (with required RB offsets), if additional entries are left, support multiplexing pattern 1 with 96 PRB and 2 symbol duration
· Note: the working assumption can be confirmed once RAN1 agrees on the number of needed SSB-CORESET0 offsets for 24 and 48 RB CORESET0 based on RAN4 channelization design.
2.1.3 RAN4 assumptions
According to the current RAN4 agreements and RAN1 agreements/assumptions, the following assumptions will be used to design the raster entries.
1) The CBWs for each SCS
· 120 kHz SCS: 100 MHz, 400MHz
· 480 kHz SCS: 400 MHz, 800MHz, 1600MHz
· 960 kHz SCS: 400 MHz, 800MHz, 1600MHz, 2000MHz
2) The spectrum range for the bands
· Unlicensed band: 57-71GHz (n263)
· Licensed band: 66-71 GHz (the band will not be defined before the regulations are clear)
3) SSB
· 20 RB SSB size for all of the SCS
· Only 1 CORESTE#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960)
·  Initial access only considers 120 kHz and 480 kHz SCS
· There’s SSB for 960kHz SCS but is not considered in initial access in R17.
4) CORESET0: 
· 24 RB and 48 RB are supported, 96 RB will be considered if additional entries are left. 
· SSB-CORESET0 offset design is left to RAN1 assuming the offsets can cover all of the possibilities of the SSB entries. 
2.1.4 RAN4 goals and the principles
According to the above agreements, in order to decide the channel raster entries and the sync raster entries, the following needs to be decided.
· The step size of the channel rasters and the sync rasters.
· The beginning of the ending of the channel raster and sync raster entries.
The following principles will be used in design the entries in this analysis.
· The number of the sync raster entries should be kept as less as possible.
· The sparse entries are chosen to the subset of the dense entries if possible, that applies to channel raster and sync raster entries.
2.2 Licensed bands
2.2.1 Channel raster entries
As the RAN4 agreement is that floating channel raster is used for licensed band. The channel raster entries design is not very difficult, step size is chosen according to the SCS/60kHz. In order to make 960kHz entries are subset of 480/120 kHz entries, the entries for 120 and 480 kHz are also chosen as the integer multiplies of 960 kHz. There’s one thing needs to be considered that how to choose the beginning of the NREF. 
From the center frequency design point of view, making the following principle true may be sufficient. 
· The sparse entries are chosen to the subset of the dense entries if possible, that applies to channel raster and sync raster entries.
The beginning of 120 kHz SCS is relatively easy to be decided. The odd number is chosen according to current FR2-1. There can be several choices for the beginning of the first NREF of 480kHz and 960kHz. They can be chosen to be the same with 120 kHz, or the integer multiplies of 8(16) for 480(960) kHz from the beginning of 66 GHz (considering licensed band only) or 57 GHz (considering harmonization with unlicensed band). Harmonization of licensed bands and the unlicensed bands may have some benefits. For example, if 65-66 GHz is unlicensed bands, 66-71GHz is licensed bands, there’re some benefits if orthogonality can be maintained for the same SCS although ACS/blocking already considered the non-orthogonality worst case. There’s another possible benefit that unlicensed channel rasters in 66-71GHz can be a subset of the licensed band. Some implementation benefits may be brought.
Based on the above thinking, 66-71GHz NREF beginnings are chosen to consider the whole 57-71 GHz range to make the channel raster entries are integer multiplies of 2, 8, and 16 for 120, 480 and 960 kHz SCS. The ARFCN for 57-71GHz are as followings. It should be noted that the sync raster entries should be on the channel raster entry candidates, so the beginning of the NREF for different SCS are not the same, they should be adjusted to align with the GSCN positions.
Table 1: Whole NREF candidates for 57-71 GHz
	Item
	Candidates NREF for 57-71 GHz
(First – <Step size> – Last)

	
	

	
	

	Whole range of ARFCN
	2562499 – <1> – 2795832

	With step size 2
	2562499 – <2> – 2795831

	With step size 8
	2562499 – <8> – 2795827

	With step size 16
	2562507 – <16> – 2795819



Proposal 1: Take Table 1 as the baseline to choose the NREF entries for both licensed and unlicensed bands.
Based on Table 1, the following is the proposal of the channel raster entries for licensed band [66-71] GHz.
Proposal 2: The NREF for 66-71 GHz are defined as Table 2 shows.
Table 2: NREF proposal for 66-71 GHz
	ΔFRaster
(kHz)
	Uplink and Downlink
Range of NREF for 66-71 GHz
(First – <Step size> – Last)

	120
	2712499 – <2> – 2795831

	480
	2712499 – <8> –2795827

	960
	2712507 – <16> – 2795819



2.2.2 Sync raster entries
The sync raster entries for 66-71 GHz can be designed according to the following equation in R15,
ΔFSC,Raster ≤ BWConfig – BWPBCH + ΔFCH,Raster
Using the same approach as channel raster entry design, the whole GSCN for 57-71GHz can be calculated then the corresponding entries for 66-71 GHz can be selected. The followings are the whole GSCN for the three SCS considering the minimum CBW. Table 3 shows how to calculate the SSB granularity candidates.
Table 3: Whole SSB granularity candidates for 57-71 GHz
	SCS (kHz)
	Minimum BW [MHz]
	SSB size
	SSB BW (MHz)
	N_RB for min BW
	TBW (MHz)
	Max SSB granularity （MHz）
	SSB granularity candidates（MHz）

	120
	100
	20
	28.8
	[66]
	[95.04]
	66.36
	17.28*3=51.84

	480
	400
	20
	115.2
	[64]
	[368.64]
	253.92
	17.28*12=207.36

	960
	400
	20
	230.4
	[32]
	[368.64]
	139.2
	17.28*6=103.68



Then the whole range of GSCN candidates for 57-71 GHz is shown in Table 4.
Table 4: The whole range of GSCN candidates for 57-71 GHz
	Item
	Range of GSCN
(First – <Step size> – Last)

	Whole range of GSCN
	24153 - <1> - 24960

	With step size 3 for 120 kHz
	24155 - <3> - 24959

	With step size 12 for 480 kHz
	24164 - <12> - 24944

	With step size 6 for 960kHz
	24158 - <6> - 24950

	Note: The first GSCN points have considered the SSB BW and the mini CBW for each SCS.



So the following is the proposal of the sync raster entries for licensed band [66-71] GHz.
Proposal 2: The sync raster entries for 66-71GHz are defined as Table 5.
Table 5: GSCN proposal for 66-71 GHz
	SS Block SCS
	Range of GSCN
(First – <Step size> – Last)

	120 kHz
	24674 - <3> - 24956

	480 kHz
	24680 - <12> - 24944

	960 kHz
	24686 - <6> - 24950



2.3 Unlicensed bands
2.3.1 Channel raster entries
For unlicensed bands, the channel raster entries are agreed as fixed entries. The issue should be decided is the granularity. According to the regulation status, LBT is not mandatory. So the granularity can be smaller than the WIFI channel CBW to have more flexibility.
For 120kHz SCS, both of the CBW of 100MHz and 400MHz can have the granularity of 100MHz to have some flexibility as shown in Figure 1. Smaller granularity such as 50MHz brings more sync raster entries if the current FR2 GSCN is reused because the minimum SSB granularity in Table 3 is 51.84 MHz.
[image: ]
Figure 1: Channel raster candidates for fixed channelization solution (120 KHz SCS)
For 480kHz and 960kHz SCS, all of the CBW can consider 200MHz as the granularity as shown in Figure 2. 
[image: ]
Figure 2: Channel raster candidates for fixed channelization solution (480 KHz/960 kHz SCS)
The sync raster entry number for 200MHz channel raster granularity can be equal to the number of channel raster entries with the proper sync raster entries design. 100MHz channel raster granularity will not bring more sync raster entries compared with 200MHz, but this flexibility may not be very worthwhile considering it’s unlicensed band.
[image: ]
Figure 3: Alignment with WIFI channels
Proposal 3: Channel raster granularity for 120kHz SCS is 100MHz for all of the CBW. Channel raster granularity for 480kHz and 960kHz SCS are 200MHz for all of the CBW.
With the granularity in proposal 3, the channel rasters for n263 can be chosen from Table 1. For the fixed channel rasters, the channel rasters for different SCS can align each other to make the specification and implementation simpler. So the channel raster granularity should be multiples of 960 kHz as proposed by the companies in the previous meetings [2]. Using the step size 6 in Table 1, the 100MHz and 200MHz granularity for n263 fixed channel raster entries can be defined as shown in Table 6.
Table 6: NREF proposal for n263 (57-71 GHz)
	ΔFRaster
(kHz)
	CBW
(MHz)
	Granularity
(MHz)
	Uplink and Downlink
Range of NREF for n263

	120
	100
	100
	2563339+1664*N+16*floor((N+1)/6), N=0:139

	120
	400
	100
	2565835+1664*N+16*floor((N+3)/6), N=0:136

	480, 960
	400, 800, 1600, 2000
	200
	2565835+3328*N+16*floor((N+1)/3), N=0:68



Proposal 4: The NREF for n263 is defined as Table 6.
2.3.2 Sync raster entries
The sync raster entries for n263 can be decided based on Table 6 and Table 4. For 120kHz SCS, the sync rasters for each 100MHz min CBW can be designed and used, 400MHz CBW can use one of 4 sync rasters included in bandwidth. For sync raster entries positions for each 100MHz, there can be at least 3~4 positions. How to decide it needs some discussion. One way is that the sync raster entries are always near the center of the channel. It’s a very straightforward but it seems difficult to derive a simple equation to represent the relationship between the GSCNs, a long table needs to be listed in the specification. There’s another way that the sync raster entries can be in any position of the 100MHz to have the possibility to derive an equation for the GSCN. The simple way is that the GSCN is increased with a fixed step when the sync raster position is out of the next CBW, then decrease the fixed step to make the entry in the left of the CBW.
N=1897 - <step size> - 2702, step size = 4 for channels 8, 24, 40, 56, 64, 72, 80, 96, 104, 120, 128, 136
Step size = 5 for channels 16, 32, 48, 88, 112, others step size =5.
Then GSCN can be expressed as following equation,
GSCN = 24153 - <step_size(M)> - 24958, M = 1: 139. step_size = 4 for M= 8, 24, 40, 56, 64, 72, 80, 96, 104, 120, 128, 136, step size = 5 for M = 16, 32, 48, 88, 112, others step_size =6.
However, it’s still not a simple equation. How to write the specification needs more discussion.
Using the same approach, 480 kHz sync raster can be expressed as 
GSCN = 24165 - <step_size(M)> - 24947, M = 1: 68. step_size = 1 when M is odd number, step_size = 12 when M is even number.
For 960 kHz sync raster entries, the 480kHz sync raster entries can be reused in theory. There’s one thing should be considered that the SSB BW for 960kHz is larger than 480kHz. If SU is small, for example <82.5%, some sync raster entries may not be valid. As SU is not decided yet, 960kHz sync raster entries reuse 480kHz positions.
Therefore, the following table is the proposal for the sync raster entries.
Proposal 5: SS raster entries for n263 is proposed as Table 7 shows.
Table 7: SS raster entries proposal for n263
	NR operating band
	SS Block SCS
	SS Block pattern
(NOTE 1)
	Range of GSCN
(First – <Step size> – Last)

	n263
	120 kHz
	Case E
	GSCN = 24153 - <step_size(i)> - 24958, M = {1: 138}. 
step_size = 4 for i= 8, 24, 40, 56, 64, 72, 80, 96, 104, 120, 128, 136;
step size = 5 for i = 16, 32, 48, 88, 112; step_size =6 for i = others.

	
	480 kHz
	Case F
	GSCN = 24165 - <step_size(i)> - 24947, i = {1: 67}. 
step_size = 11 for mod(i,2)=1; 
step_size = 12 for mod(i,2)=0.

	
	960 kHz
	Case G
	



3. Summary
This contribution provides our further analysis for the channel raster and sync raster entries. The following proposals are proposed.
Proposal 1: Take Table 1 as the baseline to choose the NREF entries for both licensed and unlicensed bands.
Table 1: Whole NREF candidates for 57-71 GHz
	Item
	Candidates NREF for 57-71 GHz
(First – <Step size> – Last)

	
	

	
	

	Whole range of ARFCN
	2562499 – <1> – 2795832

	With step size 2
	2562499 – <2> – 2795831

	With step size 8
	2562499 – <8> – 2795827

	With step size 16
	2562507 – <16> – 2795819



Proposal 2: The NREF for 66-71 GHz are defined as Table 2 shows.
Table 2: NREF proposal for 66-71 GHz
	ΔFRaster
(kHz)
	Uplink and Downlink
Range of NREF for 66-71 GHz
(First – <Step size> – Last)

	120
	2712499 – <2> – 2795831

	480
	2712499 – <8> –2795827

	960
	2712507 – <16> – 2795819



Proposal 3: Channel raster granularity for 120kHz SCS is 100MHz for all of the CBW. Channel raster granularity for 480kHz and 960kHz SCS are 200MHz for all of the CBW.
Proposal 4: The NREF for n263 is defined as Table 6.
Table 6: NREF proposal for n263 (57-71 GHz)
	ΔFRaster
(kHz)
	CBW
(MHz)
	Granularity
(MHz)
	Uplink and Downlink
Range of NREF for n263

	120
	100
	100
	2563339+1664*N+16*floor((N+1)/6), N=0:139

	120
	400
	100
	2565835+1664*N+16*floor((N+3)/6), N=0:136

	480, 960
	400, 800, 1600, 2000
	200
	2565835+3328*N+16*floor((N+1)/3), N=0:68



Proposal 5: SS raster entries for n263 is proposed as Table 7 shows.
Table 7: SS raster entries proposal for n263
	NR operating band
	SS Block SCS
	SS Block pattern
(NOTE 1)
	Range of GSCN
(First – <Step size> – Last)

	n263
	120 kHz
	Case E
	GSCN = 24153 - <step_size(i)> - 24958, M = {1: 138}.
step_size = 4 for i= 8, 24, 40, 56, 64, 72, 80, 96, 104, 120, 128, 136;
step size = 5 for i = 16, 32, 48, 88, 112; step_size =6 for i = others.

	
	480 kHz
	Case F
	GSCN = 24165 - <step_size(i)> - 24947, i = {1: 67}.
step_size = 11 for mod(i,2)=1;
step_size = 12 for mod(i,2)=0.

	
	960 kHz
	Case G
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