[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk68165337][bookmark: _Toc5938268][bookmark: _Toc9865820]3GPP TSG-RAN WG4 Meeting # 99-e	R4-2111058
Electronic Meeting, May 19-27, 2021


Source: 	Huawei
Title: 	Analysis of the exemplary new band introduction to TS 38.104 specification
Agenda Item:	9.15.2
Document for:	Discussion and approval
1 Introduction
During previous RAN4#98bis-e meeting, number of contributions were submitted to discuss on the topic of 60 GHz frequency range designation [1 - 9]. The discussion was captured in the summary [10], collecting related proposals and moderator’s recommendations. 
In order to ease the discussion and decision taking on the 60 GHz range designation, an exercise was performed to implement an exemplary new bands (from 52.6 – 71 GHz frequency range) into the TS 38.104 [11]. Related Draft CR is provided in [12].
In this contribution we provide an analysis of the exemplary new band introduction to TS 38.104 specification, in order to highlight the arising issues due to differences in the system parameters for FR2 bands below/above 52.6 GHz. Related Draft CR to TS 38.104 is provided in companion tdoc [12].
2 Discussion
2.1 	Definition of frequency ranges
The first element to analyse is the definition of frequency ranges (TS38.104, section 5.1). Based on the discussion on the 60 GHz range designation last RAN4 meeting, all the considered options were analysed in [13]. Taking the trial and error approach, we have ended up with the on the figure 1 below.
 It is proposed to introduce two new FR2 sub-ranges: 
· FR2.1: 24250 MHz – 52600 MHz
· FR2.2: 52600 MHz – 71000 MHz

With the above proposal, the existing “FR2” term would still cover the frequency range above 25.24 GHz, and including also the newly introduced range of 52.6-71 GHz. In order to avoid the need to redesign the existing FR2 terminology, there is one clarification Note added to clarify, that whenever the “FR2” is referred, both FR2.1 and FR2.2 frequency sub-ranges shall be considered, unless otherwise stated. With this, the newly introduced terms will be used only in cases where their specifics will have to be distinguished in the text (e.g. supported SCS, etc.). 
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Proposal 1: introduce two new FR2 sub-ranges: FR2.1 (24250 MHz – 52600 MHz) and FR2.2 (52600 MHz – 71000 MHz) under the existing FR2 term.
Additional off-topic considerations: 
1. While discussing frequency range designators for the 52.6 – 71 GHz range, it shall be kept in mind that there is still a gap on the 7 – 24 GHz range. During the 7 – 24 GHz SI various consideration were discussed, but it was not decided if 7 – 24 GHz range is to be considered as FR1 extension, or FR2 extension. If it would be decided in possible future 7-24GHz WI that (part) of 7-24GHz range is to belong to FR2, then additional subrange could be used as the “FR2.0”.
2. “FR2.3” could be potentially used in future as placeholder for the NR operation above 71 GHz (this is not covered in further analyses, as outside of the scope).	
2.2 	FR2 operation bands
The second element to analyse is the table with the FR2 frequency bands (TS38.104, section 5.2), with the following considerations for FR2.1 bands:  
· For consistency purposes, entries for n262 from 47GHz WI were incorporated, based on the postponed CR to TS 38.104 in R4-2102159 [14]. 
· Then an exemplary band n263 is added to depict that the FR2.1 bands continuation will continue as per the existing FR2 bands numbering. 
For the future FR2.2 bands, RAN4 would need to decide on the bands numbering scheme. The following options were identified: 
1. Start from n263: Continue numbering as per the existing FR2 arrangement. In this case, Bands from 24.25 – 52.6 GHz range and 52.6-71GHz range would use continuous numbering (starting from n263). One disadvantage of this approach is that it would introduce certain level of complexity in Table 5.3.5-2: BS channel bandwidths and SCS per operating band in FR2. This aspect is more elaborated in section 2.4.
2. Start from n300: Reserve certain numbering space for FR2.1 bands, and start FR2.2 bands numbering from n300. As it is hard to predict the future demand for FR2 bands, it is unclear if such arrangement would be sufficient to address all the future FR2.1 bands. 
3. Start from n513: referring to the FR2 numbering scheme the first FR2 band was assigned the number n257, giving FR1 sufficient numbering space up to band n256 (as 2power8). In this approach, FR2.2 bands numbering could start from 513, leaving FR2.2 sufficient numbering space up to band n521 (as 2power9). Considering the current level of the regulatory status for both licensed and unlicensed operation, we do hope that such wide bands numbering range will be way too large for future bands demand in FR2.2. On the other hand, it would help to distinguish 52.6 – 71 GHz bands from the legacy ones.
4. Other options are not precluded. 
Based on the above options it is seen beneficial to have certain separation among FR2.1 and FR2.2 bands. Therefore options 2 and 3 are suggested, with slight preference to option 3.
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Proposal 2: adopt FR2.2 bands numbering scheme with separate numbering range (as compared to the existing FR2 bands numbers).
Proposal 3: out of the options analysed, adopt option 3 with the n513 as the first FR2.2 band number, which allows easy identification of FR2.2 bands belonging to 52.6 – 71 GHz range. 
2.3 	Transmission bandwidth configurations / minimum guardband
The third element to analyse is the updated to the Transmission bandwidth configuration NRB for FR2 (TS38.104, section 5.3).
Based on the analysis alternative implementation approaches it was found that the easiest way is to have a separate table for the FR2.2 sub-range. An attempt to keep both FR2.1 and FR2.2 is a single table was not optimal. Due to the following differences among FR2.1 and FR2.2 there would have to be many “Not applicable” cell, decreasing clarity of the table.  
· Even though 120kHz is included in both sub-ranges, 50MHz channel is only supported in FR2.1
· 60kHz SCS is only supported in FR2.1
· 480kHz and 960kHz SCS is only supported in FR2.2
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As the discussion on the maximum channel bandwidth for 960kHz SCS is not concluded, both values 2000MHz and 2160MHz are kept in [] for this discussion. 
Please note that the NRB values for 120 kHz SCS in FR2.2 are expected to be the same as for FR2.1, i.e. 
· 100 MHz channel BW: 66
· 200 MHz channel BW: 132
· 400 MHz channel BW: 264

Proposal 4: adopt separate tables for FR2.1 and FR2.2 Transmission bandwidth configurations. 
Similar approach with separate tables for FR2.1 and FR2.2 would apply for the minimum guardband: 
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Proposal 5: adopt separate tables for FR2.1 and FR2.2 minimum guardband configurations. 
2.4 	BS channel bandwidths and SCS per operating band in FR2
In relation to the discussion in section 2.2 on the selection of the FR2.2 bands numbering scheme, here we would like to provide justification on the selection of separated numbering range for FR2.2 (i.e. starting from n300, or n513, and not being continuous with the existing FR2 bands). As can be seen in the table 5.3.5-2 below, separation of those two (FR2.1 and FR2.2) bands numberings allows to divide the tables into two parts with clearly distinguishable sets of SCS/CHBW. 
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Otherwise, if we would follow the continuous bands numbering, introduction of new bands from 24.25-52.6GHz and 52.6-71GHz ranges would lead to quite messy table arrangement (mixing bands from both sub-ranges, where each sub-range supports different set of SCS’ and different range of channel bandwidths). Such approach is expected to introduce unnecessary confusions and mistakes. 
	NR Band
	SCS
kHz
	50 MHz
	100 MHz
	200
MHz
	400 MHz
	1600 MHz
	[2000 MHz]
	[2160 MHz]

	n257
	60
	Yes
	Yes
	Yes
	
	N/A

	
	120
	Yes
	Yes
	Yes
	Yes
	

	n258
	60
	Yes
	Yes
	Yes
	
	

	
	120
	Yes
	Yes
	Yes
	Yes
	

	n259
	60
	Yes
	Yes
	Yes
	
	

	
	120
	Yes
	Yes
	Yes
	Yes
	

	n260
	60
	Yes
	Yes
	Yes
	
	

	
	120
	Yes
	Yes
	Yes
	Yes
	

	n261
	60
	Yes
	Yes
	Yes
	
	

	
	120
	Yes
	Yes
	Yes
	Yes
	

	n262

	60
	Yes
	Yes
	Yes
	
	

	
	120
	Yes
	Yes
	Yes
	Yes
	

	[n263: 25 - 52 GHz]
	60
	TBD
	TBD
	TBD
	TBD
	

	
	120
	TBD
	TBD
	TBD
	TBD
	

	[n264: 52 – 71 GHz]
	120
	N/A
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A

	
	480
	
	N/A
	N/A
	TBD
	TBD
	N/A
	N/A

	
	960
	
	N/A
	N/A
	TBD
	TBD
	[TBD]
	[TBD]

	[n265: 25  - 52 GHz]
	60
	TBD
	TBD
	TBD
	TBD
	N/A

	
	120
	N/A
	N/A
	N/A
	TBD
	

	[n266: 52 - 71 GHz]
	120
	N/A
	TBD
	TBD
	TBD
	N/A
	N/A
	N/A

	
	480
	
	N/A
	N/A
	TBD
	TBD
	N/A
	N/A

	
	960
	
	N/A
	N/A
	TBD
	TBD
	[TBD]
	[TBD]


 
Please note that there is no need for specific separation of licensed and unlicensed bands, similar to the approach already used in the past in RAN4. 
Observation 1: keeping bands from 24.25-52.6GHz and from 52.6-71GHz ranges in separate groups, eases handling of tables in the specification. 
Based on the above observation, similar FR2.1 and FR2.2 bands grouping is applied for NR-ARFCN and SS raster tables below: 
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2.5 	Step frequencies for defining the radiated Rx spurious emission limits
[bookmark: _Hlk25241782]It is expected that in case of Rx spur there will be no need to have any specific distinction among FR2.1 and FR2.2 bands. Therefore both FR2.1 and FR2.2 bands can be all listed in a single table 10.7.3-2. Details on the step frequencies for defining the radiated Rx spurious emission limits for BS type 2-O are left for discussion in BS RF topic. 
	[image: ]



What is worst highlighting, is that the concept of two sub-ranges in FR2 allows to reuse the BS terminology for FR2, i.e. “BS type 2-O”. 
Proposal 6: Reuse the “BS type 2-O” terminology for the NR operation in 52.6 – 71 GHz range. 
3 Conclusions
Based on the above discussion, the following is proposed: 
Proposal 1: introduce two new FR2 sub-ranges: FR2.1 (24250 MHz – 52600 MHz) and FR2.2 (52600 MHz – 71000 MHz) under the existing FR2 term.
Proposal 2: adopt FR2.2 bands numbering scheme with separate numbering range (as compared to the existing FR2 bands numbers).
Proposal 3: out of the options analysed, adopt option 3 with the n513 as the first FR2.2 band number, which allows easy identification of FR2.2 bands belonging to 52.6 – 71 GHz range. 
Proposal 4: adopt separate tables for FR2.1 and FR2.2 Transmission bandwidth configurations. 
Proposal 5: adopt separate tables for FR2.1 and FR2.2 minimum guardband configurations. 
Proposal 6: Reuse the “BS type 2-O” terminology for the NR operation in 52.6 – 71 GHz range. 
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Table 5.2-2: NR operating bands in FR2
NR operating band | Uplink (UL) and Downiink (DL Duplex
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Table 5.

ransmission bandwidth configuration Nrs for FR2.1
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Table 5. Transmission bandwidth configuration Ns for FR2.2
SCs (g [z 200 Wz 200 Wiz \L:;m iz 2000 WFZ] (2760 W]
120 18D 18D 18D NA NA NIA
480 NIA NIA 18D 18D NA NIA
960 NA NA T8D TBD [TBD] [TBD]
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Table: 5.3.3.

Minimum guardband (kHz) for FR2.1(FR2)
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Table:

SCs (g [z 200 Wz 200 Wiz \L:;m iz 2000 WFZ] (2760 W]
120 18D 18D 18D NA NA NIA
480 NIA NIA 18D 18D NA NIA
960 NA NA T8D TBD [TBD] [TBD]
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Table 5.3.5-2: BS channel bandwidths and SCS per operating ban
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Table 5.4.2.3-2: Applicable NR-ARFCN per operating band in FR2

NR Gperating | Az Tplink and DownTink
band (kHz) range of Nrer.
(First — <Step size> — Last)
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&0 3725766 =<1~ 2279765
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Table 5.4.3.3-2: Applicable SS raster entries per operating band (FR2)
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Table 10.7.3-2: Step frequencies for defining the radiated Rx spurious emission |

Operating band | Fuso1 Fupz Fups Freps Freps Fups
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5 Operating bands and channel arrangement

5.1 General

‘The channel arrangements presented in this clause are based on the operating bands and BS channel bandvwidths defined
in the present release of specifications.

NOTE:  Other operating bands and BS channel bandbwidths 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 the present version of the specification are identified
as described i table 3.1-1

Table 5.1-1: Definition of frequency ranges

Frequency range | Corresponding frequency range

designation
FRT T10 WHz — 7125 MHz

FRO.T 24250 Mz - 52600 Wz

FR2 FR2.2 52600 MHz — 71000 WHz

[FR2.3 71000 Wiz — TBD Wizl
NOTE: _ Whenever the FRD is referred_both FR2.1 and FR2. frequency sub-ranges shall be considered. unless

otherwise stated.





