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Introduction
During the last RAN4#105 meeting, the WF [1] for the feasibility study on FR2 multi-band RIB was agreed. In this contribution we share our further understanding on the following Issue 3-2 and Issune 3-4. 
Issue 3-2: Frequency ranges/groups
· Agreement: 
· Rel-18 Study Item focus on the multi-band RIB within the same frequency group meanwhile the study on multi-band RIB across different groups not precluded.

Issue 3-4: Antenna array
· Agreement:
· Further study the impact of supporting multi-bands with separate antenna array used for each band
· RAN4 have common observation as following:
· MB BS supporting about 26G+40G has possible solution (e.g. stacked patches) from antenna implementation perspective. The performance impact needs to be further studied.
· It is possible to implement diplexer below multi-band mmWave array antenna elements to divide each signal of different frequency group’s bands.

Also, in the previous meetings, some RF front ends from literatures were introduced for the preliminary feasibility study of multi-band RIB.
In this contribution, we give some additions on RF front ends examples and provide a summary table to make it more readable.
Discussion 
Frequency ranges/groups
Although it is true that the high frequency and ultra-wide bandwidth across different groups pose significant challenges to RF2 BS implementation, there are potential needs for BS with multi-band RIB across different groups.
From the aspect of inter-band CA operating bands in FR2, three of the four combinations defined in 3GPP TS 38.101-2, i.e. CA_n257-n259, CA_n258-n260, CA_n260-n261 are across different groups. These CA combinations are potential candidates for FR2 multi-band BS.

Observation 1: From the aspect of inter-band CA operating bands in FR2, some inter-band CA band combinations defined in 3GPP TS 38.101-2 belong to the across different groups, i.e. CA_n257-n259, CA_n258-n260, CA_n260-n261. They are potential candidates for FR2 multi-band RIB.

From the aspect of spectrum allocation, some countries /regions have potential needs for multi-band RIB across different groups. As Table 1 shows, 24-28G spectrum has been released in many countries and regions, and more and more countries will release 37-40G spectrum. It can be expected more combinations across different groups will be available in the future. 

Table 2: mmWave spectrum allocation outlook in some countries/regions
	Spectrum
	24-28GHz
(n257,n258,n261)
	37-40GHz
(n259,n260)
	Reference source

	China
	[24.5-27.5]
	[37.5-42.5]
	In 2017, the MIIT approved the 24.75-27.5 GHz and 37-42.5 GHz frequency bands for 5G R&D trial in China.
https://www.miit.gov.cn/jgsj/wgj/gzdt/art/2020/art_1f860f6b14684ba0aa3a876c1ca9050d.html

	Japan
	27.0-28.2,
29.1-29.5
	[39.5-43.5]
	https://5gobservatory.eu/japan-assigns-5g-spectrum-to-four-operators/
In 2019, the MIC assigned spectrum in the 28 GHz bands;
26.6-27 GHz, 39.5–43.5 GHz to be studied 
https://www.tele.soumu.go.jp/resource/j/equ/mra/pdf/03/e/09.pdf
Calibration of Test Equipment in the 5G Era, MIC 2022

	Europe
	24.25-27.5
	[40.5-43.5]
	2022.11 CEPT Report 082  Harmonised least restrictive technical conditions for the 40.5-43.5 GHz frequency band
https://docdb.cept.org/document/28574

	USA
	24.25-28.35
	37.6-40
	In 2019, the US auctioned licences in the 37.6–38.6 GHz, 38.6–40 GHz and 47.2–48.2 GHz frequency ranges to support 5G.
https://www.govinfo.gov/content/pkg/CFR-2021-title47-vol2/pdf/CFR-2021-title47-vol2-part30.pdf

	Canada
	27.5-28.35
	[38]
	In 2022 Consultation on a Policy and Licensing Framework for Spectrum in the 26, 28 and 38 GHz Bands
https://ised-isde.canada.ca/site/spectrum-management-telecommunications/en/learn-more/key-documents/consultations/consultation-policy-and-licensing-framework-spectrum-26-28-and-38-ghz-bands

	Australia
	24.25-27.5
	[37-43.5]
	For the 2022–23 annual work program,Continue to monitor domestic and international developments in these bands to identify usage trends.
https://www.acma.gov.au/sites/default/files/2023-01/FYSO%202022-27_6%20month%20progress%20report.pdf



Observation 2: From the aspect of spectrum allocation, 24-28G spectrum has been released in many countries and regions, and more and more countries will release 37-40G spectrum. It can be expected more combinations across different groups will be available in the future.
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In recent years, chips and RF components with ultra-compact, high linearity and low power consumption at ultra-wideband for 5G NR FR2 application have been comprehensively investigated. All kinds of techniques are utilized to wide bandwidth extension. Some of the examples were discussed in the previous contribution [2], such as [3], [4], and here provide some additional examples. 
Paper [5] presented a 24-44 GHz low-noise amplifier (LNA) and compared to a narrow-band 28 GHz LNA. The UWB LNA achieves a 4.2-5.5 dB NF and 18-20 dB gain across the full range, and exhibited about 0.5 dB increase in NF compared to the narrow-band 28 GHz LNA.
Paper [6] presented a LNA covers 23-29 GHz and 37-43 GHz with a NF of 3.1-3.7 dB at 24-43 GHz, an in-band IIP3 of -13.2 to -19 dBm at 20-40 GHz. The LNA is co-designed with embedded high-pass filters so as to results in a very sharp rejection at < 16 GHz, exhibiting an elliptic filter response.
For PAs/LNAs, together with previous mentioned examples, we summarize these PAs/LNAs across different frequency groups in the following Table 2.It can be seen that some recent study shows PA cover 26-39GHz, 24-42GHz with average output power around 10dBm,PAEP1dB larger than 30%.
Table 2: PAs/LNAs performance from literatures 
	Frequency
	[3] 24 -42GHz PA
	[4] 26 -39GHz PA
	[5]24-44 GHz LNA
	[6]24-43 GHz LNA

	Authors and year of publication
	Fei Wang,2020
	J Park,2022
	Vikas Chauhan, 2018
	Li Gao, 2019

	Technology
	45nm SOI CMOS
	45nm SOI CMOS
	45nm SOI CMOS
	22 nm FDSOI

	Gain
	20.5
	18.9
	20
	23/18.2(peak)

	S21BW-3dB（GHz）
	25.8-43.4
	25.3-42.0
	24-47.5
	/

	P1dBBW-1dB（GHz）
	22.0-37.0
	25.0-37.0
	/
	/

	PAEp1dB BW-1dB（GHz）
	24.0-41.2
	29.9-33.6
	/
	/

	P1dB（dBm）
	17.8-19.6
	16.3-18.4
	-19- -16
	/

	Pavg（dBm）
	8.4-11.3
	10.8-12.3
	/
	/

	PAEP1dB（%）
	36.6-44.3
	29.9-34.9
	/
	/

	NF(dB)
	/
	/
	4.7~5.5
	3.1-3.7
3.4-4.3



For phase-array receive beamformer, paper [7] presented a 22–44 GHz 2×2 phased-array receive beamformer. The channel includes a LNA, a 5-bit vector modulator (VM) phase shifter, an attenuator, and a variable gain amplifier (VGA). The phased-array channel results in a peak gain of 26.3 dB and a 3-dB bandwidth of 20.5–44 GHz. The measured NF is 3–3.6 dB at 22–44 GHz with an IP1dB of −27.5 to −24.5 dBm.
[image: ]
Figure 1 in [7] : Block diagram of a wideband 2 × 2 beamformer chip
For phase-array receive beamformer, together with previous examples [8, 9] mentioned in [2], we summarize these good performance receivers across different frequency groups in the following Table 3. They achieved low NF in wide bandwidth.
Table 3: Phased-array receiver chips performance
	Frequency
	[7]22–44 GHz
	[8]27-41GHz
	[9]24-71GHz

	Authors and year of publication
	Li Gao,2020
	Min-Yu Huang,2019
	Jian Pang,2022

	Tech.
	45nm CMOS SOI
	45nm CMOS SOI
	65nm CMOS Bulk

	BW(GHz)
	22-44
	27-41
	24.25-71

	Gain(dB)
	26.2
	36/element
	/

	NF(dB)
	3-3.6
	4.3-6.3
	3.6-8.0 (at 24.25-35GHz)
4.0-7.6(at 35-44GHz)

	Gain Tuning(dB)
	16
	15
	/

	Phase Shift Res
	11.25
	/
	/

	Phase/Gain RMS Error(º /dB) 
	6/1.9
	/
	/

	IP1dB(dBm)
	-25.4
	-34/-27.3
	-17.6 (at 28GHz)
-20.9(at 39GHz)

	IIP3(dBm)
	-18
	/
	/

	Pdc(mW)
	112
	/
	/



Observation 3：Recent literature shows PA /LNA/Receiver beamformer can covering across different frequency groups as shown in Table 2 & 3 and may be suitable for Multi-band RIB.

Based on observation 1~3, we have the following proposal:
Propose 1: Considering the potential needs of the multi-band RIB across different frequency groups, there is no need to restrict the specific frequency group in the technical specifications.
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So far, for FR2 phased array beamforming system, companies main focus on stacked patches multi-band antenna array.
It is a common understanding that the multi-band RIB definition is applicable for both FR1 and FR2:
multi-band RIB: operating band specific RIB associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band.
Considering the definition of using common active components is multi-band RIB, whether the antenna array is common for all operating bands or separate antenna array used for each band after the common PA, the requirements is the same for the two cases.

Summary
In this contribution we further discuss the feasibility of multi-band RIB across different groups, and have the following observations:
Observation 1: Some inter-band CA band combinations defined in 3GPP TS 38.101-2 belong to the across different groups, i.e. CA_n257-n259, CA_n258-n260, CA_n260-n261. They are potential candidates for FR2 multi-band RIB.

Observation 2: 24-28G spectrum has been released in many countries and regions, and more and more countries will release 37-40G spectrum. It can be expected more combinations across different groups will be available in the future.

Propose 1: Considering the potential needs of the multi-band RIB across different frequency groups, there is no need to restrict the specific frequency group in the technical specifications.
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