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1. Introduction
A SI [1] titled ‘Study on supporting NR from 52.6GHz to 71 GHz’ was approved in RAN#86. According to the work scale, RAN4 starts the SI in this meeting. The objectives related to RAN4 are captured as follows:
o
Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
The main study point will focus on how to decide SCS and related channel BW in RAN4. In this contribution, we will discuss the system parameters for frequency range from 52.6GHz to 71GHz (simplified as B52.6G), including the main aspects: FR designation, Band plan, Channelization, Channel/Sync raster.
2. Discussion
FR designation
This SI involves a new frequency range from 52.6GHz to 71GHz. The first impact to the specification in RAN4 is related to FR designation. There are two options of FR designation for B52.6GHz:
Option 1: Extend FR2 from 52.6G to 71GHz.

Option 2: Define a new FR for B52.6G.
If the RF characteristics of B52.6GHz is similar to FR2, then extend FR2 from 52.6GHz to 71GHz would bring the minimum standardization effort. Also, extending the frequency range FR2 would minimize the impact on other RAN WGs. If RF characteristics tend to be different from FR2, then defining a new FR would be another option. We hold the view that B52.6GHz would reuse the principle of defining RF requirements as far as possible, also in order to minimize the impact on other RAN WGs, Option 1 is preferred.
Proposal 1: In order to minimize the impact on other RAN WGs, Option 1 is preferred.

Option 1: Extend FR2 from 52.6G to 71GHz.

Option 2: Define a new FR for B52.6G.
And based on our proposal, the definition of frequency ranges can be modified as follows.
Table 1: Definition of frequency ranges

	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	24250 MHz – 5260071000 MHz


Another aspect related to frequency range from 52.6GHz to 71GHz, is whether RAN4 needs to define example frequencies within B52.6GHz. The purpose of introducing example frequency ranges in SI 7-24GHz is for RF technology analyses. As for B52.6G, this frequency range spans a spectrum holding of 18.4GHz. The RF characteristics may vary moderately within such a large bandwidth. It is suggested to set example ranges and frequencies during the SI for the purpose of RF analyses as shown in Table 2. RAN4 can evaluate whether to introduce of example frequencies for B52.6GHz for the purpose of RF analyses during SI. 
Table 2: Example ranges

	Example range
 
	Frequency (GHz)
	Example frequency
(GHz)

	1
	52.6 to fboundary, low
	XXX

	2
	fboundary, low to fboundary, high
	XXX

	3
	 fboundary, high to 71
	XXX

	Note 1: fboundary, low is within the frequency range XXX to XXX GHz.
Note 2: fboundary, high is within the frequency range XXX to XXX GHz.


Proposal 2: RAN4 can evaluate whether to introduce of example frequencies for B52.6GHz for the purpose of RF analyses during SI.
Band plan
In this part, several aspects of band plan for B52.6G are discussed.

Regulatory survey

Regulatory survey is an important step before defining the operating bands for B52.6GHz. Frequency use of IEEE 802.11ad networks around the world is given in Table 3 and IEEE 802.11ad 60GHz channels within 57~71GHz is given in Table 4.
Table 3: Frequency use of IEEE 802.11ad networks around the world
	Region
	lower frequency
	upper frequency
	usable channels
	Note

	USA
	57.05 GHz
	71.00 GHz
	1, 2, 3, 4, 5, 6
	Extended to include 64-71GHz in year 2016

	Canada
	57.05 GHz
	64.00 GHz
	1, 2, 3
	Expected to open up 64-71GHz in late 2021

	South Korea
	57.00 GHz
	64.00 GHz
	1, 2, 3
	 

	EU
	57.00 GHz
	66.00 GHz
	1, 2, 3, 4
	Future opening up of 66-71GHz recommended

	Russia
	57.00 GHz
	66.00 GHz
	1, 2, 3, 4
	

	Japan
	57.00 GHz
	66.00 GHz
	1, 2, 3, 4
	57-59 GHz added in year 2011

	Australia
	57.00 GHz
	66.00 GHz
	1, 2, 3, 4
	Allowed spectrum expanded in year 2018.

	China
	59.00 GHz
	64.00 GHz
	2, 3
	See also IEEE 802.11aj

	Singapore
	57.00 GHz
	66.00 GHz
	1, 2, 3, 4
	Allowed spectrum as of September 2019.


Table 4: IEEE 802.11ad 60GHz channels within 57~71GHz
	Channel
	Center (GHz)
	Min. (GHz)
	Max. (GHz)
	BW (GHz)

	1
	58.32
	57.24
	59.40
	2.16

	2
	60.48
	59.40
	61.56
	

	3
	62.64
	61.56
	63.72
	

	4
	64.80
	63.72
	65.88
	

	5
	66.96
	65.88
	68.04
	

	6
	69.12
	68.04
	70.20
	


According to different frequency uses around the world, it is suggested that two separate operating bands covering US region from 57.05GHz~ 71GHz (including USA and Canada) and EU region 57GHz ~66GHz (including South Korea, EU, Russia, Japan, Australia, China, Singapore) for frequency range beyond B2.6GHz. The principle of defining NR-U 6GHz bands can be applied to B52.6GHz considering the similar frequency use situation. The band plan for B52.6GHz can be given by the following examples. Option 3 is our preference when defining the band plan for B52.6G. 
Band plan for B52.6GHz excluding ITS spectrum around 60 GHz
Option 1: Band nX 57.05-71.00GHz (for US region)

Option 2: Band nY 57.00-66.00GHz (For EU region)

Option 3: Band nX AND Band nY 
Deployment- specific requirements (such as emission limits, PSD restrictions and their associated A-MPR) for particular region are defined based on regulations and can be added as future NS.
Licensed or unlicensed operation
Another factor needs to be addressed is to define a band for licensed or unlicensed operation. According to the regulatory survey, across different regions only unlicensed operation are defined for 52.6 GHz~71 GHz. For some particular regions, frequency range between 66GHz ~71GHz are not identified. There is possibility for these regions where the licensed operation is defined for frequency range 66GHz ~71GHz.
For the current R15 and R16 specification, there are overlapping cases within licensed operating bands or unlicensed bands, however there is no overlapping case for between licensed bands and unlicensed bands.

If RAN4 defines a licensed band overlapping with an unlicensed band within 52.6GHz ~71GHz, solutions to avoid collisions for the overlapping spectrum need to be addressed.

ITS spectrum

ITS spectrum may be allocated within the frequency range 52.6GHz ~ 71GHz. According to [2], 60GHz Channel 4 is planned specifically for ITS spectrum in Europe. When defining the band for B52.6GHz, this factor also needs to be addressed. However, Channel 4 is considered unlicensed spectrum across all these regions. There is no need to preclude ITS spectrum for the frequency range 52.6GHz ~71GHz.
Proposal 3: According to the regulatory survey, two separate bands should be defined to cover US region and EU region for frequency range beyond 52.6GHz.

Proposal 4: If unlicensed bands are to be defined, then no need to preclude ITS spectrum in the same frequency range.
Channelization (Numerology and CHBW)

As for channelization, IEEE 802.11ad defines a channel BW of 2.16GHz for 60GHz as shown in Table 4. Also, for B52.6G with this large spectrum holding, larger supported channel bandwidth compared to FR2 should be natural. It is suggested that channel bandwidth of 2GHz for a single carrier should be supported for B52.6GHz.
For supporting maximum 2GHz carrier BW, 960 kHz SCS with NCP is used for B52.6G. As analysed in [3], 960kHz SCS with NCP can support maximum 2GHz carrier BW well, also it can have an robustness on eliminating phase noise and support large peak date rate.
Table 5 summarizes all the FR2 operating bands and their supported CHBWs with related SCS. The maximum supported channel bandwidth is 400MHz with 120kHz SCS, which is optional. The last column calculates the relative BW for each operating bands, which shows the RF implementation capability in FR2. The maximum Relative BW is 1.55% in band n258. While when the frequency reaches 60GHz, supporting 2GHz channel BW means the relative BW reaches 3.3% relative BW. It implies higher RF implementation capability for supporting 2GHz channel BW, comparing to the level in FR2.

It may be challenging supporting 2GHz CHBW in 60GHz, which means the corresponding RF requirements need to be relaxed considering the larger relative BW ratio.
Table 5: NR bands already defined for FR2 (ALL TDD BANDS)
	FR2 bands
	Frequency range
	Total BW 
	CHBW(MHz)
	SCS(kHz)
	RelativeBW

	n257
	26500 ~ 29500 MHz
	3000MHz
	50/100/200/400
	60/120
	1.43%

	n258
	24250 ~ 27500 MHz
	3250MHz
	50/100/200/400
	60/120
	1.55%

	n259
	39500 ~ 43500 MHz
	4000MHz
	50/100/200/400
	60/120
	0.964%

	n260
	37000 ~ 40000 MHz
	3000MHz
	50/100/200/400
	60/120
	1.04%

	n261
	27500 ~ 28350 MHz
	850MHz
	50/100/200/400
	60/120
	1.43%


Proposal 5: (960K, NCP) with maximum 2GHz carrier BW and (120K, NCP) with maximum 400MHz carrier BW are preferred for 52.6-71GHz.

Observation 1: 2GHz carrier BW will result in more relative BW ratio than FR2.

Proposal 6: For (960K, NCP) with 2GHz carrier BW, RF requirements need to be relaxed considering the larger relative BW ratio.
Channel/Sync raster

Another main aspect of system parameters are channel raster and sync raster. For B52.6GHz, SCS based channel raster is used. Channel raster can be decided until the band and used SCSes are defined. As for sync raster for B52.6GHz, it can be decided after Operating bands, Min CHBW, SSB SCS and channel raster are defined foe B52.6GHz.
Observation 2: SCS based channel raster is used. Channel raster can be decided until the band and used SCSes are defined.
Observation 3: Sync raster can be decided after these following parameters are decided:
Operating band, Min CHBW, SSB SCS, Channel raster.
3. Conclusion
This contribution discusses FR designation, Band plan, CHBW/SCS, Channel/sync raster for B52.6G. The following observations and proposals are made:
Proposal 1: In order to minimize the impact on other RAN WGs, Option 1 is preferred.

Option 1: Extend FR2 from 52.6G to 71GHz.

Option 2: Define a new FR for B52.6G. 

Proposal 2: RAN4 can evaluate whether to introduce of example frequencies for B52.6GHz for the purpose of RF analyses during SI.
Proposal 3: According to the regulatory survey, two separate bands should be defined to cover US region and EU region for frequency range beyond 52.6GHz.

Proposal 4: If unlicensed bands are to be defined, then no need to preclude ITS spectrum in the same frequency range.
Proposal 5: (960K, NCP) with maximum 2GHz carrier BW and (120K, NCP) with maximum 400MHz carrier BW are preferred for 52.6-71GHz

Observation 1: 2GHz carrier BW will result in more relative BW ratio than FR2.

Proposal 6: For (960K, NCP) with 2GHz carrier BW, RF requirements need to be relaxed considering the larger relative BW ratio.
Observation 2: SCS based channel raster is used. Channel raster can be decided until the band and used SCSes are defined.

Observation 3: Sync raster for B52.6G can be decided after these following parameters are decided:
Operating band, Min CHBW, SSB SCS, Channel raster.
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