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[bookmark: _Toc21340720][bookmark: _Toc29805167][bookmark: _Toc36456376][bookmark: _Toc36469474][bookmark: _Toc37253883][bookmark: _Toc37322740][bookmark: _Toc37324146][bookmark: _Toc45889669][bookmark: _Toc52196323][bookmark: _Toc52197303][bookmark: _Toc53173026][bookmark: _Toc53173395][bookmark: _Toc61119384][bookmark: _Toc61119766][bookmark: _Toc67925812][bookmark: _Toc75273450][bookmark: _Toc76510350][bookmark: _Toc83129503]5.1	General
The channel arrangements presented in this clause are based on the operating bands and channel bandwidths defined in the present release of specifications.
NOTE:	Other operating bands and channel bandwidths may be considered in future releases.
Requirements throughout the RF specifications are in many cases defined separately for different frequency ranges (FR). The frequency ranges in which NR can operate according to this version of the specification are identified as described in Table 5.1-1. Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered, unless otherwise stated.
Table 5.1-1: Definition of frequency ranges
	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	FR2-1
	24250 MHz – 52600 MHz

	
	FR2-2
	52600 MHz – 71000 MHz



The present specification covers FR2 operating bands.
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NR is designed to operate in the FR2 operating bands defined in Table 5.2-1.
Table 5.2-1: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –   FUL_high
	FDL_low   –   FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n259
	39500 MHz
	–
	43500 MHz
	39500 MHz
	–
	43500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD

	[bookmark: _Hlk92202302]n262
	47200 MHz
	–
	48200 MHz
	47200 MHz
	–
	48200 MHz
	TDD

	n263
	57000 MHz
	–
	71000 MHz
	57000 MHz
	–
	71000 MHz
	TDD1

	NOTE 1: This band is restricted to operation with shared spectrum channel access as defined in [TS 37.213].


[bookmark: _Toc21340722][bookmark: _Toc29805169][bookmark: _Toc36456378][bookmark: _Toc36469476][bookmark: _Toc37253885][bookmark: _Toc37322742][bookmark: _Toc37324148][bookmark: _Toc45889671][bookmark: _Toc52196325][bookmark: _Toc52197305][bookmark: _Toc53173028][bookmark: _Toc53173397][bookmark: _Toc61119386][bookmark: _Toc61119768][bookmark: _Toc67925814][bookmark: _Toc75273452][bookmark: _Toc76510352][bookmark: _Toc83129505][bookmark: _Toc90591038]5.2A	Operating bands for CA
[bookmark: _Toc21340723][bookmark: _Toc29805170][bookmark: _Toc36456379][bookmark: _Toc36469477][bookmark: _Toc37253886][bookmark: _Toc37322743][bookmark: _Toc37324149][bookmark: _Toc45889672][bookmark: _Toc52196326][bookmark: _Toc52197306][bookmark: _Toc53173029][bookmark: _Toc53173398][bookmark: _Toc61119387][bookmark: _Toc61119769][bookmark: _Toc67925815][bookmark: _Toc75273453][bookmark: _Toc76510353][bookmark: _Toc83129506][bookmark: _Toc90591039]5.2A.1	Intra-band CA
NR intra-band contiguous and non-contiguous carrier aggregation is designed to operate in the operating bands defined in Table 5.2A.1-1 and Table 5.2A.1-2, where all operating bands are within FR2.
Table 5.2A.1-1: Intra-band contiguous and non-contiguous CA operating bands in FR2-1
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n257
	n257

	CA_n258
	n258

	CA_n259
	n259

	CA_n260
	n260

	CA_n261
	n261


Table 5.2A.1-2: Intra-band contiguous CA operating bands in FR2-2
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n263
	n263
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The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriers to different UEs within the BS channel bandwidth can be supported.
From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.
The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth.
The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown in Figure 5.3.1-1.
[image: ]
Figure 5.3.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR channel
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[bookmark: _Hlk92202492]The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in Table 5.3.2-1
[bookmark: _Hlk92202516]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A
	N.A
	N.A
	N.A

	120
	32
	66
	132
	264
	N.A
	N.A
	N.A

	4801
	N.A
	N.A
	N.A
	FFS
	FFS
	FFS
	N.A

	9601
	N.A
	N.A
	N.A
	FFS
	FFS
	FFS
	FFS

	Note 1: This SCS is optional in this release of the specification.
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In FR2-1, The the minimum guardband for each UE channel bandwidth and SCS is specified in Table 5.3.3-1
Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz) in FR2-1
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	1210
	2450
	4930
	N. A

	120
	1900
	2420
	4900
	9860



NOTE:	The minimum guardbands have been calculated using the following equation: (BWChannel x 1000 (kHz) - NRB x SCS x 12) / 2 - SCS/2, where NRB are from Table 5.3.2-1.
In FR2-2, the minimum guardband for each UE channel bandwidth and SCS is specified in Table 5.3.3-2
Table 5.3.3-2: Minimum guardband for each UE channel bandwidth and SCS (kHz) in FR2-2
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	120
	2420
	9860
	N.A
	N. A
	N. A

	480
	N. A
	FFS
	FFS
	FFS
	N. A

	960
	N. A
	FFS
	FFS
	FFS
	FFS



NOTE:	The minimum guardbands have been calculated using the following equation: (BWChannel x 1000 (kHz) - NRB x SCS x 12) / 2 - SCS/2, where NRB are from Table 5.3.2-2.

The minimum guardband of receiving BS SCS 240 kHz SS/PBCH block for each UE channel bandwidth is specified in table 5.3.3-2 3 for FR2-1.
Table: 5.3.3-23: Minimum guardband (kHz) of SCS 240 kHz SS/PBCH block in FR2-1
	SCS (kHz)
	100 MHz
	200 MHz
	400 MHz

	240
	3800
	7720
	15560



NOTE:	In FR2-1, The the minimum guardband in Table 5.3.3-2 3 is applicable only when the SCS 240 kHz SS/PBCH block is received adjacent to the edge of the UE channel bandwidth within which the SS/PBCH block is located.

Figure 5.3.3-1: Void
The number of RBs configured in any channel bandwidth shall ensure that the minimum guardband specified in this clause is met.
[image: ]
Figure 5.3.3-2 UE PRB utilization
In the case that multiple numerologies are multiplexed in the same symbol due to BS transmission of SSB, the minimum guardband on each side of the carrier is the guardband applied at the configured channel bandwidth for the numerology that is transmitted immediately adjacent to the guard band.
If multiple numerologies are multiplexed in the same symbol and the UE channel bandwidth is > 200 MHz, the minimum guardband applied adjacent to 60 kHz SCS shall be the same as the minimum guardband defined for 120 kHz SCS for the same UE channel bandwidth.
[image: ]
Figure 5.3.3-3 Guard band definition when transmitting multiple numerologies
Note:	Figure 5.3.3-3 is not intended to imply the size of any guard between the two numerologies. Inter-numerology guard band within the carrier is implementation dependent.
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For each numerology, its common resource blocks are specified in Clause 4.4.4.3 in [9], and the starting point of its transmission bandwidth configuration on the common resource block grid for a given channel bandwidth is indicated by an offset to "Reference point A" in the unit of the numerology. The UE transmission bandwidth configuration is indicated by the higher layer parameter carrierBandwidth [13] and will fulfil the minimum UE guardband requirement specified in Clause 5.3.3.
5.3.5	Channel bandwidth per operating band
[bookmark: _Hlk92203874]The requirements in this specification apply to the combination of channel bandwidths, SCS and operating bands shown in Table 5.3.5-1. The transmission bandwidth configuration in Table 5.3.2-1 shall be supported for each of the specified channel bandwidths. The channel bandwidths are specified for both the Tx and Rx path.
Table 5.3.5-1: Channel bandwidths for each NR band
	Operating band
	SCS (kHz)
	UE channel bandwidth (MHz)

	
	
	50
	100
	200
	4001
	800
	1600
	2000

	n257
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n258
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n259
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n260
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n261
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n262
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n263
	120
	
	100
	
	400
	
	
	

	
	4802
	
	
	
	400
	800
	1600
	

	
	9602
	
	
	
	400
	800
	1600
	2000

	NOTE 1:	This UE channel bandwidth is optional in this release of the specification.
NOTE 2:   This SCS is optional in this release of the specification.

Editor’s note: Optional/mandatory CHBW discussion is still on-going and further modifications are possible.
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[bookmark: _Toc21340739][bookmark: _Toc29805186][bookmark: _Toc36456395][bookmark: _Toc36469493][bookmark: _Toc37253902][bookmark: _Toc37322759][bookmark: _Toc37324165][bookmark: _Toc45889688][bookmark: _Toc52196342][bookmark: _Toc52197322][bookmark: _Toc53173045][bookmark: _Toc53173414][bookmark: _Toc61119403][bookmark: _Toc61119785][bookmark: _Toc67925831][bookmark: _Toc75273469][bookmark: _Toc76510369][bookmark: _Toc83129522]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.
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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
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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
	

	




k, nRB , NRB are as defined in TS 38.211 [9].
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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
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[bookmark: _Toc21340745][bookmark: _Toc29805192][bookmark: _Toc36456401][bookmark: _Toc36469499][bookmark: _Toc37253908][bookmark: _Toc37322765][bookmark: _Toc37324171][bookmark: _Toc45889694][bookmark: _Toc52196348][bookmark: _Toc52197328][bookmark: _Toc53173051][bookmark: _Toc53173420][bookmark: _Toc61119409][bookmark: _Toc61119791][bookmark: _Toc67925837][bookmark: _Toc75273475][bookmark: _Toc76510375][bookmark: _Toc83129528]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
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[bookmark: _Toc21340747]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].
[bookmark: _Toc29805194][bookmark: _Toc36456403][bookmark: _Toc36469501][bookmark: _Toc37253910][bookmark: _Toc37322767][bookmark: _Toc37324173][bookmark: _Toc45889696][bookmark: _Toc52196350][bookmark: _Toc52197330][bookmark: _Toc53173053][bookmark: _Toc53173422][bookmark: _Toc61119411][bookmark: _Toc61119793][bookmark: _Toc67925839][bookmark: _Toc75273477][bookmark: _Toc76510377][bookmark: _Toc83129530]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

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