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1. Introduction
In the last meeting, we discussed channelization in FR2-2 based on the two candidate options [1]. However, we still didn’t conclude on this issue. Several aspects were listed in [1] for further study to make decision on channelization. In this contribution, we provide our views on channelization comparing the potential options and the potential changes to TS 38.101-2.
2. Discussion
For the channelization issue, we still can’t have a conclusion on this topic in the last meeting. The potential options on channelization and the corresponding agreement are captured as follows:
· Channelization

Candidate options:

· Option 1C: No IEEE 802.11ad/ay alignment and floating channelization

· Option 1D: Hybrid between IEEE and no IEEE alignment with fixed channelization depending on max spectrum utilization and better coexistence

· Other

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

We have several aspects to consider when comparing Option 1C and 1D in this meeting. In the following discussion, we give our analysis on these aspects related to channelization issues.

Discussion aspect 1:  Number of sync raster entries and cell searching complexity
The first aspect we need to consider is the number of sync raster entries and cell searching complexity. The less the number of sync raster entries, the less cell searching complexity. However, we still didn’t make it clear that to what degree it is acceptable for the cell searching complexity. Assuming the bullet ‘Sync raster granularity should be no less than 3 times of GSFN (17.28)’ is set for the criteria for acceptable cell searching complexity, we can further discuss the aspect based on Option 1C and 1D.
For Option 1C, we give the applicable SS raster entries for operating band n263 as in Table 1. For 120kHz SSB SCS, the minimum channel bandwidth is 100MHz and the step size of GSCN can be calculated as 3 for this band; for 480kHz SSB SCS, the minimum channel bandwidth and the step size of GSCN can be calculated as 15 for this band. The total number of sync raster entries is 324 and the step size of GSCN range for each SSB SCS is no less than 3. We think the cell search complexity is acceptable for this band.
Option 1C:
Table 1: Applicable SS raster entries per operating band

	NR Operating Band
	SS Block SCS
	Range of GSCN
(First – <Step size> – Last)
	Number of sync raster entries
	Total

	n263
57~71GHz
	120 kHz
	24151-<3>-24961
	270
	324

	
	480 kHz
	24151-<15>-24961
	54
	


For Option 1D, this hybrid fixed channelization is shown in Table 2, which is in reference with [2]. For fixed channelization, the sync raster entries allocated in fixed channels and each sync raster with each fixed channel. Then the number of sync raster entries can be seen as the number of fixed channels. Considering 120kHz SSB SCS, the number of fixed channels of 100MHz is 140 with no alignment with IEEE. Then the number of corresponding sync raster entries is 140. The sync raster granularity is 100MHz, which is no less than 3*17.28MHz. Considering 480kHz SSB SCS, the number of fixed channels of 400MHz is 35 with no alignment with IEEE. The total number of sync raster entries for band n263 based on Option 1D is 175, and the sync raster granularity is no less than 3.
Option 1D: 
Table 2. Number of channels for each (CBW, SCS) combination of the fixed channelization without IEEE 802.11ad/ay channel alignment and the proposed channelization (both Set A Set B) [2]
	SCS
	Nominal Channel Bandwidths

	
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	Fixed CH

no alignment w/ IEEE
	Proposed
	Fixed CH

no alignment w/ IEEE
	Proposed
	Fixed CH

no alignment w/ IEEE
	Proposed
	Fixed CH

no alignment w/ IEEE
	Proposed

(Set-A/B)
	Fixed CH

no alignment w/ IEEE
	Proposed

	120 kHz
	140
	138
	35
	34
	-
	-
	-
	-
	-
	-

	480 kHz
	-
	-
	35
	34
	17
	17
	8
	10
	-
	-

	960 kHz
	-
	-
	-
	 34
	-
	17
	-
	10
	6
	6


In a summary, the total number of sync raster entries based on Option 1C is larger than that based on Option 1D. However, the sync raster granularity is no less than 3 for both Option 1C and 1D. From our perspective, we think them both acceptable from the aspect of cell searching complexity. 
Observation 1: The sync raster granularity is no less than 3 times of 17.28MHz GSCN and the cell searching complexity is acceptable for both Option 1C and 1D.
Discussion aspect 2: Support of CA in this frequency range
The second aspect we need to consider is to support of CA in this frequency range. It was agreed in earlier meetings that CA between 2GHz channel bandwidths and CA within 2GHz channel bandwidths are both considered in RAN4. Normally, floating channelization can support CA operation with any channel bandwidth classes without any predefined restrictions. However, with hybrid fixed channelization in Option 1D, CA support can be really troublesome. The first issue is that when considering CA operation, fixed channelization make each CC really restricted with assigned channel number. The second issue is that with Option 1D, it may result spectrum resources in not being fully utilized. Normal CA support can be easily obtained for Option 1C. Option 1D can be not so convenient when consider CA with multiple channels. 
Observation 2:CA support can be much more flexible for Option 1C than for 1D, without not being fully utilized spectrum resources.
Discussion aspect 3: Whether flexibility is needed for minimum channel bandwidth in particular, and how much benefit for the system performance
The third aspect is to consider the flexibility for minimum channel bandwidth. The fact is that RAN4 defined different minimum channel bandwidth for different numerology, that is (120k, 100M), (480k, 400M), (960kHz, 400M). We need to consider different minimum channel bandwidth for channelization in FR2-2. For channel raster, we may need to consider different SCS based on Option 1C or different channel numbers with different channel bandwidth based on Option 1D. For sync raster, we need to consider the minimum channel bandwidth for SSB SCS. For now, SSB SCS is 120/480kHz, we need to consider corresponding minimum channel bandwidths 100/400 MHz when calculating sync raster based on Option 1C or 1D.
Observation 3: The flexibility of minimum channel bandwidth should be considered in the sync raster design due to different SSB SCS based on Option 1C and 1D.

Discussion aspect 4: Co-existence with IEEE channels (find out whether there is similar activity in IEEE)
The fourth aspect we need to compare is the co-existence with IEEE channels. The discussion on this issue has been going on for several meetings. However, we still have dispute on this issue. Our preference is no need to align with IEEE channels. Firstly, regulation does not mandate this alignment. In EN 302 567 and EN 303 753, these two regulations do not mandate the channelization for this frequency range. Also, in TR 38.805 (FCC 47 CFR 15.255), there is no clear recommendation on how to define the channel bandwidths. At least, from the perspective of regulation, the alignment with IEEE ad/ay channel is not a must. Besides that, the channels defined in IEEE are not aligned and overlapping with each other. There is no need to mandate the alignment with IEEE channel for licensed and unlicensed bands defined in 3GPP. At last, if we decide to align with IEEE 2160MHz channel, the operating bands for both licensed and unlicensed would not be sufficiently utilized. Since, the bandwidths for licensed and unlicensed bands are not multiple times of 2160MHz. In a summary, we tend to support not to align with IEEE ad/ay channels.
However, the first intention is to define a unified channel raster for both licensed and unlicensed bands. From our perspective, floating channelization in Option 1C is much more flexible considering both licensed and unlicensed bands. For the proponents of supporting Option 1D, from implementation view, the fixed channel number can be obtained based on Option 1C by selecting the specific channel number aligned with IEEE. Option 1C can be a good starting point considering for both licensed band and unlicensed band.
Discussion aspect 5: Whether to consider and how to ensure future proof for adding new frequency bands or channel bandwidth
From our perspective, we see no big issues to ensure future proof for adding new frequency bands or channel bandwidth based on Option 1C or 1D. Even if we add new frequency bands or channel bandwidths, the channelization for a specific band is quite independent from the existing band. We can discuss the future bands or channel bandwidths in future.
In a summary, we think Option 1C is good compromise considering all the aspects. The channel raster and sync raster for band n263 based on Option 1C are provided in the Annex.
Proposal 1: Option 1C is preferred as a starting point for both licensed and unlicensed bands in FR2-2.
3.  Conclusion
This contribution discusses channelization issues for both licensed and unlicensed bands in FR2-2. The following observations and proposals are made:
Observation 1: The sync raster granularity is no less than 3 times of 17.28MHz GSCN and the cell searching complexity is acceptable for both Option 1C and 1D.
Observation 2: CA support can be much more flexible for Option 1C than for 1D, without not being fully utilized spectrum resources.

Observation 3: The flexibility of minimum channel bandwidth should be considered in the sync raster design due to different SSB SCS based on Option 1C and 1D.

Proposal 1: Option 1C is preferred as a starting point for both licensed and unlicensed bands in FR2-2.
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Annex
5.4
Channel arrangement

5.4.1
Channel spacing
5.4.1.1
Channel spacing for adjacent NR carriers

The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the channel bandwidths. The nominal channel spacing between two adjacent NR carriers is defined as following:

For NR operating bands with 60 kHz channel raster,
Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-20 kHz, 0 kHz, 20 kHz} for ∆FRaster equals to 60 kHz
Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 + {-40 kHz, 0 kHz, 40 kHz} for ∆FRaster equals to 120 kHz
where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective NR carriers. The channel spacing can be adjusted depending on the channel raster to optimize performance in a particular deployment scenario.

5.4.2
Channel raster
5.4.2.1
NR-ARFCN and channel raster

The global frequency raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements.

The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.

RF reference frequency is designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range [2016667...3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN

FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)

Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs [MHz]
	NREF-Offs
	Range of NREF

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165


The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.

The mapping between the channel raster and corresponding resource element is given in Clause 5.4.2.2. The applicable entries for each operating band are defined in clause 5.4.2.3

5.4.2.2
Channel raster to resource element mapping
The mapping between the RF reference frequency on channel raster and the corresponding resource element is given in Table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.

Table 5.4.2.2-1: Channel raster to resource element mapping
	
	NRB mod 2 = 0
	NRB mod 2 = 1

	Resource element index k
	0
	6

	Physical resource block number nPRB
	
[image: image1.wmf]ú

û

ú

ê

ë

ê

=

2

RB

PRB

N

n


	
[image: image2.wmf]ú

û

ú

ê

ë

ê

=

2

RB

PRB

N

n




k, nRB , NRB are as defined in TS 38.211 [9].

5.4.2.3
Channel raster entries for each operating band

The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-ARFCN in Table 5.4.2.3‑1, using the channel raster to resource element mapping in clause 5.4.2.2.

-
For NR operating bands with 60 kHz channel raster above 24 GHz, ΔFRaster = I ×ΔFGlobal , where I ϵ {1,2}.  Every Ith NR‑ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in table 5.4.2.3-1 is given as <I>.

-
In frequency bands with two ΔFRaster, the higher ΔFRaster applies to channels using only the SCS that equals the higher ΔFRaster  and the SSB SCS that is equal to or larger than the higher ΔFRaster.

Table 5.4.2.3-1: Applicable NR-ARFCN per operating band

	Operating Band
	ΔFRaster
(kHz)
	Uplink and Downlink

Range of NREF
(First – <Step size> – Last)

	n257
	60
	2054166 – <1> – 2104165

	
	120
	2054167 – <2> – 2104165

	n258
	60
	2016667 – <1> – 2070832

	
	120
	2016667 – <2> – 2070831

	n259
	60
	2270833 – <1> – 2337499

	
	120
	2270833 – <2> – 2337499

	n260
	60
	2229166 – <1> – 2279165

	
	120
	2229167 – <2> – 2279165

	n261
	60
	2070833 – <1> – 2084999

	
	120
	2070833 – <2> – 2084999

	n262
	60
	2399166 – <1> – 2415832

	
	120
	2399167 – <2> – 2415831

	n263
	120
	2562499 – <2> –2795831

	
	480
	2562499 – <8> –2795827

	
	960
	2562499 – <16> –2795827


5.4.3
Synchronization raster
5.4.3.1
Synchronization raster and numbering

The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition when explicit signalling of the synchronization block position is not present.

A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. The parameters defining the SSREF and GSCN for all the frequency ranges are in Table 5.4.3.1-1.

The resource element corresponding to the SS block reference frequency SSREF is given in clause 5.4.3.2. The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

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


5.4.3.2
Synchronization raster to synchronization block resource element mapping

The mapping between the synchronization raster and the corresponding resource element of the SS block is given in Table 5.4.3.2-1.

Table 5.4.3.2-1: Synchronization raster to SS block resource element mapping
	Resource element index k
	120

	
	


k is the subcarrier number of SS/PBCH block defined in TS 38.211 clause 7.4.3.1 [9].

5.4.3.3
Synchronization raster entries for each operating band

The synchronization raster for each band is give in Table 5.4.3.3-1. The distance between applicable GSCN entries is given by the <Step size> indicated in Table 5.4.3.3-1.

Table 5.4.3.3-1: Applicable SS raster entries per operating band

	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n257
	120 kHz
	Case D
	22388 - <1> - 22558

	
	240 kHz
	Case E
	22390 - <2> - 22556

	n258
	120 kHz
	Case D
	22257 - <1> - 22443

	
	240 kHz
	Case E
	22258 - <2> - 22442

	n259
	120 kHz
	Case D
	23140 – <1> – 23369

	
	240 kHz
	Case E
	23142 – <2> – 23368

	n260 
	120 kHz
	Case D
	22995 - <1> - 23166

	
	240 kHz
	Case E
	22996 - <2> - 23164

	n261
	120 kHz
	Case D
	22446 - <1> - 22492

	
	240 kHz
	Case E
	22446 - <2> - 22490

	n262
	120 kHz
	Case D
	23586 – <1> – 23641

	
	240 kHz
	Case E
	23588 – <2> – 23640

	n263
	120 kHz
	Case D
	24151 - <3>-24961

	
	480 kHz
	Case F
	24151 - <15> - 24961

	NOTE 1:
SS Block pattern is defined in clause 4.1 in TS 38.213 [10].
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