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Background
The channelization of up to 71GHz has been discussed during the past meetings and a WF [1] has been agreed. Currently from the WF, the 2000MHz as max CBW for 960 kHz SCS has been agreed, however, further channelization and system parameters has not been decided yet. In this contribution, we give further analysis of the channelization and system parameters.
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The channelization issue has been discussed and the options has been captured in the WF [1] as shown below:
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The issues that has caused most of the concern are listed as :
1, the co-existence with the IEEE 802.11ad/ay
2, the SSB SCS corresponding to the sync raster points
Hence we would like to further discuss the channelization with the above two issues.
Co-existence with IEEE 802.11ad/ay
For the co-existence of the IEEE 802.11, to keep in mind that this is an issue only occurs in un-licensed spectrum. For the unlicensed spectrum regulations, it has been discussed in our previous paper [2] that according from EN 303 753, the regulation requires the beamforming mechanism which is defined then in the specific chapter of this ETSI standard. So from regulation perspective, for unlicensed spectrum, it has been assumed that with large enough beamforming gain and narrow enough beam width, the interference caused by side lobe is small enough that the two systems will not interfere each other. Worth to be mentioned that LBT is not in the specification so we assume that LBT mechanism is not required by regulation. 
Observation 1: From regulation perspective, LBT is not required by EU regulation but the beamforming gain is required.
With that, the co-existence with IEEE 802.11 ad/ay is not an issue for channelization design. What we need to do is to align the beamforming requirement of the regulation to guarantee the co-existence of different systems.

Channelization
For the licensed band channelization, the fixed or floating channelization has been discussed. The most concern is that for floating design, more sync raster points will be needed while for fixed channelization, there will be less. However, based on our study, although more sync raster points will be needed for floating raster design, but with limited pay off, we can have more channel raster points for much more flexible spectrum usage. The “designed” floating raster channelization is proposed in the last.
Firstly, we go over the sync raster design. Refer to current sync raster of FR2 as captured in TS 38.101-2 that:
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From the above we can see that 17.28MHz is used as sync raster granularity for the GSCN design which covers the frequency range from 24.25GHz to 100GHz. Both consider the SS block SCS, the 17.28MHz is used for 120kHz SCS while 34.56MHz is used for 240kHz SCS.
Observation 2: 17.28MHz is used as sync raster granularity for the GSCN design which covers the frequency range from 24.25GHz to 100GHz.
Observation 3: 17.28MHz is used for 120kHz SSB SCS and 34.56MHz is sued for 240kHz SSB SCS.
Currently RAN1 is discussing the SCS for SSB and the agreement for SCS of initial access for Rel-17 has been agreed in RANP#92-e with the updated WID [2] as captured below:
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17.
· Note: Strive to minimize specification impact by reusing tables for CORESET#0 and type0-PDCCH CSS set configuration defined for FR2 in Rel-15, as much as possible
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)
· Note: Dependency or lack thereof for a UE supporting 480kHz and/or 960kHz numerology for data and control to also support 480kHz SSB numerology for initial access is to be tackled as part of UE capability discussion.
Plenty of agreements from above WID need to be kept in mind as:
1, 120kHz is supported for initial access of SSB SCS.
2, In addition to 120kHz SCS, only 480kHz SSB SCS is supported.
3, 480kHz is an optional SSB SCS.
4, 240kHz SSB SCS is not used for up to 71GHz range.
Hence for sync raster design, only 120kHz and 480kHz SSB SCS need to be considered. For these two SSB SCS, we apply both the floating raster design and fix raster design and to further check the raster points difference and correspondingly, the initial access time.
For floating raster design, similar sync raster design of FR2 applies for the up to 71GHz range, then for 480 kHz SCS, 69.12MHz sync raster will be used. Hence the SCS of data/control and SSB SCS and corresponding sync raster are listed in table 1 below.
For fixed channelization, the minCBW will be used as both the channel raster as well as the sync raster. The minCBW for 120, 480 kHz SCS are 100 and 400MHz accordingly. The ratio of the number of raster points for initial access for floating raster design and fixed raster design is listed in the last column of table 1 below.
Table 1, Different SCS and corresponding sync raster
	SCS
(kHz)
	SSB SCS (kHz)
	Sync Raster (MHz)
	Raster points for floating raster design
	minCBW
(Sync Raster) (MHz)
	Raster points for fixed raster design
	Ratio of two different Sync raster points

	120
	120
	17.28
	1065
	100
	194
	5.79

	
	480
	69.12
	266
	100
	194
	1.45

	480
	480
	69.12
	266
	400
	49
	5.79

	960
	480
	69.12
	266
	400
	49
	5.79


From the table 1 above, it can be observed that the ratio of sync raster corresponds to the SSB SCS and the largest ratio is around 5.8 times initial access raster points which means around 5.8 times the raster points for floating raster design comparing to fix raster design. 
Observation 4: At most that 5.8 times the raster points for floating raster design comparing to fix raster design.
However, as captured above from the WID that the RAN1 assumes “It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665” while for current 120kHz reusing FR2 design, the sync raster points will be 1065 which exceeds the 665 limit. A simple design to overcome this is to choose double sync raster of FR2 design which means 34.56MHz sync raster will be used and the raster points can be reduced to 533 which is less than 665.
Observation 5: Double sync raster of FR2 design can help to reduce the raster points within the RAN1 assumption limit.
With the above observation 5, the newly designed floating sync raster is shown below in table 2:
Table 2 Different SCS and corresponding sync raster for double sync raster design
	SCS
(kHz)
	SSB SCS (kHz)
	Sync Raster (MHz)
	Sync raster points for floating raster design
	minCBW
(Sync Raster) (MHz)
	Sync raster points for fixed raster design
	Ratio of two different Sync raster points

	120
	120
	34.56
	533
	100
	194
	2.75

	
	480
	138.24
	133
	100
	194
	0.73

	480
	480
	138.24
	133
	400
	49
	2.71

	960
	480
	138.24
	133
	400
	49
	2.71


From table 2 above, it can be observed that at most 2.75 times the raster points that floating raster design will have compared to fixed raster design.
Observation 6: With double sync raster of FR2, at most that 2.8 times the raster points for floating raster design comparing to fix raster design.
Besides the sync raster design, the channel raster design will also have large difference. For the floating channelization, legacy channel raster as the SCS can be used as the granularity. At the same time, the channel raster for fixed channelization is still the minCBW which is much wider comparing to the SCS. Table 3 gives further clarification of these numbers.
Table 3 Channel raster
	SCS
(kHz)
	Chanel Raster (kHz)
	Channel raster points for floating raster design
	minCBW
(channel Raster)
 (MHz)
	Channel raster points for fixed raster design
	Ratio of two different channel raster points

	120
	120
	161667
	100
	194
	833

	480
	480
	40417
	400
	49
	824

	960
	960
	20208
	400
	49
	412


For the floating channel raster design, there will be around 800 more channel raster points for 120 and 480kHz SCS and around 400 times more channel raster points for 960kHz SCS. This greatly help to increase the flexibility of the spectrum usage.
Observation 7: The floating raster design gives 800 times more channel raster points comparing to fixed raster design and hence much more spectrum flexibility is provided.
Besides, consider that the co-existence of 802.11 ad/ay is not mandated by regulation as shown in observation 1, the floating raster design for both licensed and un-licensed bands can be harmonized. The proposed harmonized channelization design as:
Proposal: It is proposed to have harmonized channelization for both licensed and un-licensed spectrum as:
-For Channel raster, still use current FR2 design as:
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
ΔFRaster = I ×ΔFGlobal , where I ϵ {2,8,16} with . ΔFGlobal = 60kHz.
-For Sync raster design, modify current FR2 design as double the sync raster with:
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639



	NR Operating Band
	SS Block SCS
	Range of GSCN
(First – <Step size> – Last)

	52.6—71GHz
	120 kHz
	23899 - <2> - 24994

	
	480 kHz
	23905 - <8> - 24988


Conclusions
In this contribution, we give discussion on the chennelization and the observations are shown as below：
Observation 1: From regulation perspective, LBT is not required by EU regulation but the beamforming gain is required.
Observation 2: 17.28MHz is used as sync raster granularity for the GSCN design which covers the frequency range from 24.25GHz to 100GHz.
Observation 3: 17.28MHz is used for 120kHz SSB SCS and 34.56MHz is sued for 240kHz SSB SCS.
Observation 4: At most that 5.8 times the raster points for floating raster design comparing to fix raster design.
Observation 5: Double sync raster of FR2 design can help to reduce the raster points within the RAN1 assumption limit.
Observation 6: With double sync raster of FR2, at most that 2.8 times the raster points for floating raster design comparing to fix raster design.
Observation 7: The floating raster design gives 800 times more channel raster points comparing to fixed raster design and hence much more spectrum flexibility is provided.
Proposal: It is proposed to have harmonized channelization for both licensed and un-licensed spectrum as:
-For Channel raster, still use current FR2 design as:
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
ΔFRaster = I ×ΔFGlobal , where I ϵ {2,8,16} with . ΔFGlobal = 60kHz.
-For Sync raster design, modify current FR2 design as double the sync raster with:
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639



	NR Operating Band
	SS Block SCS
	Range of GSCN
(First – <Step size> – Last)

	52.6—71GHz
	120 kHz
	23899 - <2> - 24994

	
	480 kHz
	23905 - <8> - 24988
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Table 5.4.3.3-1: Applicable SS raster entries per operating band -

= NR Operating Band - SS Block SCS - S8 Block patternt. Range of GSCN..
(First — <Step size> — Last) -
o n257+ 120 kHz ~ Case D~ 22388 - <1> - 22558 -
240 kHz - CaseE- 22390 - <2> - 22556 -
o n258. 120 kHz -~ Case D~ 22257 - <1> - 22443
240 kHz - CaseE- 22258 - <2> - 22442
o n259. 120 kHz -~ Case D~ 23140 — <1> — 23369~
240 kHz - CaseE- 23142 — <2> — 23368 ~
o n260 - 120 kHz -~ Case D~ 22995 - <1> - 23166 -
240 kHz - CaseE- 22996 - <2> - 23164 -
o n261 - 120 kHz -~ Case D~ 22446 - <1> - 22492~
240 kHz - CaseE- 22446 - <2> - 22490 -

=NOTE 1:

SS Block pattern is defined in clause 4.1in TS 38.213 [10]. -
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Channelization (Issue 3.2.2)

* Issue: Channelization on 52.6 — 71 GHz whether it should be harmonized or separated between
license and unlicensed bands.

* Options:
+ Option 1: Harmonize channelization between licensed and unlicensed bands (Nokia):
+ Option 1A: Align with IEEE with fixed channelization (Qualcomm, Charter)
- Option 1B: Do not align with IEEE with fixed channelization (vivo, MTK)
+ Option 1C: Do not align with IEEE and floating channelization (Ericsson, ZTE, Huawei)
+ Option 1D: CATT, CMCC
+ Option 1D-1: Do not align with IEEE with fixed channelization for licensed and no LBT unlicensed bands.

+ Option 10-2: Algn with IEEE with fixed channelzation for LBT unlicensed bands. ry to harmonize option 10-2 with option 10-1
as much as possible.

+ Option 2: Separate channelization (Apple, Xiaomi)
* Forlicensed:
+ Option 2A: NR based floating raster (No 802.11ad/ay alignment) (Apple, Xiaomi)
= For unlicensed:
+ Option 2B: Align with 802.11ad/ay and no NR channel overlaps with two IEEE channels (Apple, Xiaomi)

* Agreement: -
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. Table 5.4.3.1-1: GSCN parameters for the global frequency raster.

" Frequency range - 88 block frequency position SSgrer - GSCN- Range of GSCN -

24250 - 100000 MHz. 24250.08 MHz + N * 17.28 MHz, » 20256+ N» 22256 - 26639
N =0:4383.





