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1. Introduction
The channel raster and sync raster were discussed in RAN4#101e. This contribution provides our further analysis and a draft CR is provided in [1] according to the last meeting’s WF [2].
2. Channelization and sync raster
2.1 Background
According to the agreement in the WF [1] in last RAN4 meeting,
Agreement: 
· Keep both Option 1C and Option 1D and have further discussion to compare two options and make decision on channelization in the next RAN4 meeting 
· Considering the following aspects
· Number of sync raster entries and cell searching complexity
· Support of CA in this frequency range
· Whether flexibility is needed for minimum channel bandwidth in particular, and how much benefit for the system performance
· Co-existence with IEEE channels (find out whether there is similar activity in IEEE)
· Whether to consider and how to ensure future proof for adding new frequency bands or channel bandwidth
· Other aspects are not precluded
· If there is no agreement in the next RAN4 meeting, then consider different channelization for licensed band(s) and unlicensed band(s)
· Sync raster granularity should be no less than 3 times of GSFN (17.28)
· NOTE: it is encouraged for proponents for Option 1D and Option 1C to provide concrete proposals in the format of draft CRs for the purpose of comparison
Because the wording for option 1C and option1D are very high level, the analysis in this contribution analyze fixed and floating channelization for the following aspects will be analyzed for fixed and floating channelization.
· Number of sync raster entries
· The impact to SSB CORESET0 offset
· CA support
· Co-existence with IEEE channels
· Alignment for unlicensed or licensed bands
· Others: Such as new frequency bands, new CBW, etc? 
In order to analyze the number of sync rasters, the SSB CORESET0 pattern needs to be considered. So the following RAN1 SSB and CORESET#0 agreements related to sync raster design until RAN1#107-e should be taken into account.
· 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.
2.2 Fixed channelization
2.2.1 Detail solution
The solution in [3] is used as an example to analyse the aspects in 2.1. Figure 1 is the channel centers of 120 kHz SCS.
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Figure 1: Channel raster candidates for fixed channelization solution (120 KHz SCS)
The granularity of the channel rasters for 120 kHz SCS is 100 MHz to have some flexility, i.e. 400MHz CBW channel centers can also have the granularity of 100MHz.
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Figure 2: Channel raster candidates for fixed channelization solution (480 KHz/960 kHz SCS)
The granularity of the channel rasters for 480/960 kHz SCS can be 200 MHz to have more flexibility. 
Then the channel raster entries can be listed in the following table,

Table 1: Applicable NR-ARFCN per operating band in FR2-2
	NR operating band
	SCS
(kHz) 
	CBW (MHz)
	Uplink and Downlink
range of NREF
(First – <Step size> – Last)

	n263
	120
	100
	2563333 + 1666*N + 2*floor(N/3), N=0:139

	
	
	400
	2568333 + 1666*N + 2*floor(N/3), N=0:137

	
	480
	400, 800, 1600, 2000
	2565825+3328*N+16*floor(N+1)/3, N:0:69

	
	960
	
	


In theory, it may not be necessary to align the channel raster entries for different SCS, but simplifying the ARFCN can benefit the UE implementation a little. So the ARFCN for 480 and 960kHz are chosen to be multiples of 960kHz.

2.2.2 Number of sync raster entries
The next step is to find out the number of sync raster entries. For the SSB SCS 120kHz, every 100 MHz channel raster granularity, a single sync raster entry can be found, so the number of sync raster entries for 120 kHz SSB SCS is 140. The similar analysis for 480kHz SS BSCS, there’s 70 sync raster entries. So the total sync raster entries is 140+70=210.
Observation 1: The total number of sync raster entries for fixed channelization is 210.
There’s one issue related to sync raster entries that it’s necessary to check if current FR2-1 SSB-CORESET0 offset can support the channel raster/sync raster solution. 
For the exact SSB positions, the SSB can be put in the center of the channels as shown in Figure 3. Then no new SSB-CORESET0 offset is needed.
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Figure 3: Candidate SSB-CORESET0 offset configuration for 57-71 GHz
If the SSB is put in the center in the channels, the sync raster entries can be the same as the channel rasters of the minimum CBW as shown in Table 2.
Table  2: Applicable SS raster entries per operating band (FR2-2)
	NR operating band
	SS Block SCS
	SS raster entries

	n263
	120 kHz
	The same as the the channel raster entries for 100MHz CBW of 120kHz SCS as shown in Table 5.4.2.3-2.

	
	480 kHz
	The same as the channel raster entries for 480kHz SCS as shown in Table 5.4.2.3-2.


There’s another choice that current GSCN can be reused. Considering the granularity of current GSCN is 17.28 MHz and 64-48=16RB=28.28MHz, a GSCN close to the center of channel rasters can always be found. However, as the GSCN may not be easy to find a simple equation, they may need to be listed in the spec. We prefer to use Table 2 as the simple solution.
Observation 2: There’s no need to add new SSB-CORESET0 offset for (120,120). One configuration for each CORESET0 is needed, (480,480) can use the same offset as (120,120).
2.2.3 CA support and new CBW
For the channelization in Figure 1 and Figure 2, there’s flexibility for CA support. New CBW such as 200MHz, 300MHz, 1200MHz, etc can be added without difficulties.
Observation 3: There’s flexibility for CA support and new CBW addition for fixed channelization.
2.2.4 WIFI alignment
There’s no common understanding if WIFI channel alignment is needed. However, it can also be analysed if it’s necessary. Figure 4 shows how 2GHz CBW can be aligned with IEEE channels for 100MHz and 200MHz granularity.
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Figure 4: WIFI alignment for fixed channelization
It can be seen 100 MHz granularity aligns better than 200 MHz granularity but 200 MHz granularity can still meet the request. So there’s no problem for fixed or floating channelization if WIFI channel alignment is needed.
Observation 4: Both 100 MHz and 200 MHz granularity fixed channelization can achieve channel alignment with WIFI channels if the alignment is needed.
2.3 Floating channelization (SCS based)
For the floating channelization, the solution in [3] is taken to be analyzed. The sync raster entries solution in [3] is copied as below,
[bookmark: _Ref83374658]Table 3: Floating channelization design (Updated Option 1-C) for the 57 – 71 GHz band (copied from [3])
	SSB SCS
	ARFCN Range and 
<Step Size>Total UE SSB Search Complexity for Initial Access (337)

	GSCN Range and 
<Step Size>
	Number of Sync Raster Points

	120 kHz
	2563333 <2> 2794999
(57050.04 - 70950.00 MHz)
	24153 <3> 24960
(57030.24 – 70975.20 MHz)
	270

	480 kHz
	2565835 <8> 2792499
(57200.16 - 70800.00 MHz)
	24157 <12> 24949
(57099.36 – 70785.12 MHz)
	67





Observation 5: The number of sync raster entries for floating channelization is 337.
The potential impact to SSB CORESET#0 RB offset needs to be analyzed. The following table is the current FR2-1 SSB CORESET0 offset table which is copied from TS 38.213. It can be seen that the offset for SSB and 48RB CORESET0 is 14 for FR2-1.
Table 4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz in (TS 38.213)
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	4

	2
	1 
	48
	1
	14

	3
	1 
	48
	2
	14

	4
	3 
	24
	2
	-20 if [image: ] 
-21 if [image: ]

	5
	3 
	24
	2
	24

	6
	3 
	48
	2
	-20 if [image: ] 
-21 if [image: ]

	7
	3 
	48
	2
	48

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



For 57-71 GHz, the minimum CBW for 120k and 480k would be larger than 48 RB, so it can cover 48 RB CORESET0. The sync rasters in Table 3 would need new SSB 48RB-CORESET0 offset because 14 RB offset can’t cover the case when SSB is at the edge of the CBW. In that case, the CORESET0 is out of the range of the CBW.
Observation 6: New SSB CORESET0 offset is needed for (120,120) {SS/PBCH block, PDCCH} SCS for floating channelization.
For the CA support and new CBW addition, it seems there’re also no difficulties. WIFI alignment can also be achieved for SCS based channelization.
2.4 Comparison of fixed and floating channelization
The comparison between fixed and floating channelization can be conducted in the following table.
Table 5: Comparison of fixed and floating channelization
	
	Fixed channelization with 100MHz granularity
	Floating channelization (SCS based)

	Number of sync raster entries
	210
	379

	Need new SSB CORESET0 offset?
	No
	Yes

	CA support flexibility
	Yes
	Yes

	New CBW addition flexibility
	Yes
	Yes

	WIFI alignment
	Yes
	Yes


According to the above comparison, the fixed channelization has more benefits than floating channelization. The number of sync raster entries is 169 less than the floating channelization and new SSB CORESET0 offset can be avoided. Therefore, we still support fixed channelization.
For how to handle the harmonization of licensed and unlicensed bands, we still support to harmonize the licensed and unlicensed bands for the channelization and sync raster design.
Proposal: Define harmonized channelization for licensed and unlicensed bands. Fixed channelization with proper granularity is agreed for 71GHz channelization. 
3. Summary
This contribution provides our further analysis for the channelization and sync raster design for 71 GHz. We have the following observations and proposal.
Observation 1: The total number of sync raster entries for fixed channelization is 210.
Observation 2: There’s no need to add new SSB-CORESET0 offset for (120,120). One configuration for each CORESET0 is needed, (480,480) can use the same offset as (120,120).
Observation 3: There’s flexibility for CA support and new CBW addition for fixed channelization.
Observation 4: Both 100 MHz and 200 MHz granularity fixed channelization can achieve channel alignment with WIFI channels if the alignment is needed.
Observation 5: The number of sync raster entries for floating channelization is 337.
Observation 6: New SSB CORESET0 offset is needed for (120,120) {SS/PBCH block, PDCCH} SCS for floating channelization.

Proposal: Define harmonized channelization for licensed and unlicensed bands. Fixed channelization with proper granularity is agreed for 71GHz channelization. 
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