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1	Introduction
During RAN4#102-e meeting system parameters were discussed for WI involving extension of current NR operation to 71 GHz.  System parameters are required to be studied and agreed within RAN4 as it is a dependency on BS and UE requirements.  
In this contribution an example of a fixed channelization spanning 52.6-71 GHz and technical discussions on proposed spectrum utilization considering both licensed and unlicensed use.  The following below is captured agreements from chairman’s notes in RAN4#102-eAgreement: Use the fixed RF channel raster with the step size of 1680 (100.8 MHz) as baseline to define the channel raster for the unlicensed band, and accordingly provide the channel raster numbers
· To Check if the above solution can support CA with different bandwidth combinations
· If there is issue identified, then the above agreement can be revisited

· Agreement: agree the spectral utilization in the table below.
SCS (kHz)
100 MHz
400 MHz
800 MHz
1600 MHz
2000 MHz

NRB
NRB
NRB
NRB
NRB
120
66
264
N/A
N/A
N/A
480
N/A
66
132
264
N/A
960
N/A
33
66
132
[156]

R4-2206536	WF on 60 GHz UE RF
					Type: other		For: Approval
					Source: Qualcomm
Agreement: The statement captured in “Section 16 Spectrum Utilization” is the working assumption and to be confirmed in the future meeting.
Decision:		Approved.


The table is amended with the understanding of a working assumption and with the understanding and agreement (shown below) that the values are to be confirmed in future meetings.  It is in this contribution that further updates and confirmations of the values are discussed.
2	Discussion
2.1	Spectrum Utilization
It’s RAN4 responsibility to study and analyze the current technology capabilities before finalizing spectral utilization.  As one example the transmitter in-band requirements such as ACLR and receiver ACS will translate to channel filter needed attenuation requirements. As spectrum utilization is a common BS and UE system parameter, aspects around other requirements such as occupied bandwidth should be considered in particular for UE where for FR2-1, due to large spectral utilization, the Occupied Bandwidth requirement become a dimensioning requirement in terms of in-band unwanted emissions resulting in reduced available UE power. As propagation conditions degrades over frequency, it is essential to have proper spectrum utilization levels to make sure that the MPR on the UE side is kept to a minimum to ensure reasonable coverage in UL.
Other factors influencing spectrum utilization for NR in 52.6-71 GHz is as following:
· Large array sizes with reduced physical size due to higher frequency, the filtering resources need to be optimized considering both size, power consumption and thermal aspects
· Large bandwidths of up to 2.16 GHz where depending on requirement levels, the filtering could be more challenging depending on ACLR, ACS and occupied bandwidth.
· Higher SCS resulting in higher modulation spectra as 960 kHz SCS will have at least 9 dB higher modulation spectra compared to 120 kHz SCS. This implies that with similar requirement of e.g. OBUE or ACS, the filter attenuation need to be 9 dB higher for 960 kHz SCS compared to 120 kHz SCS.
From the unlicensed perspective requirements [1] upon the occupied bandwidth does not contain any “flat PSD” requirement to what has been discussed on the 5 GHz NR-U range.  The occupied channel bandwidth defined in [1] is the bandwidth containing 99% of the power of the signal.  The occupied bandwidth shall be less than the nominal channel bandwidth, which is declared and used for the foundation of the spectrum emissions mask requirement.  The device must comply with the occupied bandwidth while supporting at least one mode of operation with a necessary bandwidth of 70% of the declared nominal channel bandwidth. From the viewpoint of regulatory compliance, this means that the SU for operations in 66-71 GHz could be significantly less than 90-95% typically assumed for FR2 below 52.6 GHz. 
Observation 1: Given challenges for larger arrays and bandwidths at this frequency range compared to FR2-1, a lower spectral utilization should be considered.  Since continuous CA is supported as part of the agreement additional bandwidth can be realized using continuous CA as an approach rather than increase spectral utilization  
Proposal 1: Spectral utilization consideration captured in Table 1. 
During RAN4#102-e, the above green text in Section 1 of this contribution is the spectrum utilization that was agreed for both UE and BS. However, considering the above factors outlined in Section 2.1, the following values are more appropriate for considerations:
Table1: Spectral utilization for 57 – 71 GHz
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	62
	248
	N/A
	N/A
	N/A

	480
	N/A
	61
	120
	238
	N/A

	960
	N/A
	30
	60
	119
	148



In keeping with other standards such as unlicensed applications, where only 85% spectral utilization is used for this frequency range; and given the large channel bandwidths and available spectrum chunk there is little motivation to pushing the spectral utilization higher than 90%.  Additionally, the fixed channelization design proposals from RAN4 #102-e [3][4][5] allow for non-continuous channel bandwidth allocations.  
2.2	Fixed Channelization Design 
[bookmark: _Hlk101442291]As indicated in the introduction of this contribution, the fixed channelization solution shall support continuous CA as per previous meetings agreements for a design with step size of 1680 (100.8 MHz). Our interpretation of this agreement is that it applies to the case of 120 kHz SCS with 100 MHz channel bandwidth. Below wea present a full fixed channelization design for the remaining SCS values (480 and 960 kHz), and the remaining channel bandwidths corresponding to all SCS values.
2.1.1	Support of CA in this range
The floating design would allow reuse of the CA concept of FR2-1 with a nominal carrier spacing allowing symmetric outer internal guard bands of aggregated carriers of different channel bandwidths, this without any constraint on the frequency assignment (NR-ARFCN) of the aggregated carriers. For FR2-1 the nominal carrier spacing is specified as 
For NR operating bands with 60kHz channel raster:


with
n = µ0 – 2 
and defines contiguous carriers on an FFT-aligned grid. This concept is readily extended for FR2-2 as captured in [7]. Unlike the case for NR-U in FR1 with its fixed 20 MHz raster for 5 and 6 GHz operation due to LBT/coexistence requirements, the FR2-2 carrier spacing is flexible: any carrier spacing smaller than the nominal can be used to fit any deployment (carriers still contiguous). Symmetric outer internal guard bands facilitate equipment compliance with spectrum emission masks.
Given that the floating raster proposes a continuous configuration compared to that of the fixed raster, it’s unclear how CA channel arrangement for current proposed fixed designs would operate.  
Observation 2: A raster design with contiguous carrier on an FFT-aligned grid is needed to allow for support of continuous CA 







The illustration below is the author’s understanding of one of the fixed channelization schemes that was discussed during RAN4#102-e and detailed in [3].
[image: ]

As it was agreed in RAN4#101bis-e as part of an overall compromise to specify the fixed raster solution in n263,  intra-band contiguous CA shall be supported.  As can be seen in the illustration above, the clear gaps between channels poses the following agreement in RAN4#101bis-e to not be met. 

· 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

To aid in further fruitful discussions, the following section proposes an alternative fixed channelization design in keeping with the contiguous carrier aggregation agreement.

2.1.2	ARFCN and SS Raster Channelization Design Details
The agreement in fixed channel raster of 100.8 MHz is interpreted to be valid for 120 kHz SCS and minimum channel bandwidths. The channel raster for wider bandwidth channels is scaled using integer numbers from 100.8 MHz, so that the channel separations will be 100.8/403.2/806.4/1612.8/2016 MHz respectively.
For each subcarrier spacing, the set of ARFCNs is defined such that for the minimum bandwidth channel, the lowest ARFCN is selected so that the channel starts just above 57 GHz. Channels of larger bandwidth are constructed to span 2, 4, or 5 channels of the minimum channel bandwidth. The ARFCN definition is done independently for each subcarrier spacing. In the table below it is shown how this would be implemented in the NR-ARFCN table in 38.104. 
Table 5.4.2.3-2: Applicable NR-ARFCN per operating band in FR2
	[bookmark: _Hlk101440188]NR 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
	2270832 – <1> – 2337499

	
	120
	2270832– <2> – 2337499

	n260
	60
	2229166 – <1> – 2279165

	
	120
	2229167 – <2> – 2279165

	n261
	60
	2070833 – <1> – 2084999

	
	120
	2070833 – <2> – 2084999

	n263Note 1
	120
	2563333 <2> 2794999

	
	480
	2565835 <8> 2792499

	
	960
	2565835 <16> 2792491

	Note1: Applicable NR-ARFCN for band n263
For 120 kHz SCS and 100 MHz channels: 2563341 <1680> 2793501
For 120 kHz SCS and 400 MHz channels: 2565861 <6720> 2787621
For 480 kHz SCS and 400 MHz channels: 2565867 <6720> 2787627
For 480 kHz SCS and 800 MHz channels: 2569227 <13440> 2784267
For 480 kHz SCS and 1600 MHz channels: 2575947 <26880> 2764107
For 960 kHz SCS and 400 MHz channels: 2565867 <6720> 2787627
For 960 kHz SCS and 800 MHz channels: 2569227 <13440> 2784267
For 960 kHz SCS and 1600 MHz channels: 2575947 <26880> 2764107
For 960 kHz SCS and 2000 MHz channels: 2579307 <33600> 2747307



The applicable set of GSCN raster points for these fixed channels is defined such that a single GSCN point is selected per channel of minimum bandwidth for a given SCS. The single GSCN point is drawn from the set of valid GSCN points defined for FR2, and the location is chosen to be as close as possible to the center of the channel. For the wider bandwidth channels, any one of the GSCNs defined for the minimum bandwidth channel can be used with the constraint that the desired CORESET configuration fits within the transmission bandwidth for that channel. The GSCN raster points are selected independently per subcarrier spacing. In the table below it is shown how this would be implemented in the SS raster entry table in 38.104. The total number of GSCN points is 175.
Table 5.4.3.3-2: Applicable SS raster entries per operating band (FR2)
	[bookmark: _Hlk51852729][bookmark: _Hlk101440255]NR operating band
	SS Block SCS
	SS Block pattern
(note)
	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

	n263Note 1
	120 kHz
	Case D
	24153 <1> 24960

	
	480 kHz
	Case F
	24157 <4> 24949

	
	960 kHz
	Case G
	24160 <8> 24952

	NOTE:	SS Block pattern is defined in section 4.1 in TS 38.213 [10].
NOTE 1: The following GSCN are allowed for operation in band n263: 
For operation with 120 kHz SCS: GSCN = {24154, 24160, 24166, 24172, 24177, 24183, 24189, 24195, 24201, 24207, 24212, 24218, 24224, 24230, 24236, 24242, 24247, 24253, 24259, 24265, 24271, 24277, 24282, 24288, 24294, 24300, 24306, 24312, 24317, 24323, 24329, 24335, 24341, 24347, 24352, 24358, 24364, 24370, 24376, 24382, 24387, 24393, 24399, 24405, 24411, 24417, 24422, 24428, 24434, 24440, 24446, 24452, 24457, 24463, 24469, 24475, 24481, 24487, 24492, 24498, 24504, 24510, 24516, 24522, 24527, 24533, 24539, 24545, 24551, 24557, 24562, 24568, 24574, 24580, 24586, 24592, 24597, 24603, 24609, 24615, 24621, 24627, 24632, 24638, 24644, 24650, 24656, 24662, 24667, 24673, 24679, 24685, 24691, 24697, 24702, 24708, 24714, 24720, 24726, 24732, 24737, 24743, 24749, 24755, 24761, 24767, 24772, 24778, 24784, 24790, 24796, 24802, 24807, 24813, 24819, 24825, 24831, 24837, 24842, 24848, 24854, 24860, 24866, 24872, 24877, 24883, 24889, 24895, 24901, 24907, 24912, 24918, 24924, 24930, 24936, 24942, 24947, 24953, 24959, 24965}
For operation with 480 and 960 kHz SCS: GSCN = {24163, 24187, 24210, 24233, 24257, 24280, 24303, 24327, 24350, 24373, 24397, 24420, 24443, 24467, 24490, 24513, 24537, 24560, 24583, 24607, 24630, 24653, 24677, 24700, 24723, 24747, 24770, 24793, 24817, 24840, 24863, 24887, 24910, 24933, 24957}



The figure below shows an overview of the proposed fixed channelization design.  Here one can see that there are no gaps between each channel bandwidth allowing for contiguous CA to be applied if desired.  For both single carrier and contiguous CA, this design aims to maximize the usage of the available spectrum.  
Observation 3: The proposed fixed channelization design supports intra-band contiguous CA as required by the previous RAN4 agreement. 
Observation 4: When channels are placed in continuous fashion spectral efficiency is optimal.
Proposal 2: Adopt the fixed channelization design detailed in Section 2.1.2.
   
[image: ]

Figure 1 Overview picture showing the fixed channelization band plan. 


3	Conclusion
In this contribution further details relating to the channelization design for 57-71 GHz was presented, the following observations and proposals are summarized:
Observation 1: Given challenges for larger arrays and bandwidths at this frequency range compared to FR2-1, a lower spectral utilization should be considered.  Since continuous CA is supported as part of the agreement additional bandwidth can be realized using continuous CA as an approach rather than increase spectral utilization.
Proposal 1: Spectral utilization consideration captured in Table 1. 
Table 1: Spectral utilization for 57 – 71 GHz
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	62
	248
	N/A
	N/A
	N/A

	480
	N/A
	61
	120
	238
	N/A

	960
	N/A
	30
	60
	119
	148



Observation 2: Contiguous carrier on an FFT-aligned grid is needed to allow for support of continuous CA 
Observation 3: The proposed fixed channelization design supports intra-band contiguous CA as required by the previous RAN4 agreement. 
Observation 4: When channels are placed in contiguous fashion spectral efficiency is optimal.
Proposal 2: Adopt the fixed channelization design detailed in Section 2.1.2
If agreement upon fixed raster design cannot be reached, another solution could also be to extend the design current endorsed [6][7] from RAN4#102-e to the full range of 57-71 GHz.  This would allow all companies to focus efforts on remaining BS and UE requirements in time for the WI completion date while still allowing the flexibility on use case for both unlicensed and licensed applications. 
Proposal 3: Alternatively, extend endorsed channel arrangement [6][7] for the full range of 57 – 71 GHz.
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