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1.	Introduction
Discussions for the NR BS RF requirement evolution study have covered the performance of several mm-wave RF components to assess the feasibility of an FR2-1 multi-band BS [1-3]. A summary of the study’s main agreements was approved in [4]. 
· Agreement:
· Proposal 1: the following points for the technical feasibility are captured in the summary:
· Multi-band implementations with percentage BW of up to 19.5% are feasible.
· Multi-band implementations with greater percentage BW’s may be feasible in the future.
· Proposal 2: the following points for frequency groups are captured in the summary
· Technical feasibility to frequency groups are captured in the Technical Report
· Frequency groups and/or band pairing restrictions are not needed in the technical specification
· Proposal 3: Update the TS to include FR2 multi-band using the same approach as FR1 multi-band, re-using FR1 definitions.
· The BS requirements may need to be revisited in the future release for percentage BW greater than 19.5%.



In RAN4 #106, various text proposals on RF requirements and the feasibility study were approved [5-11]. This paper provides a text proposal for TR 38.877 on additional feasibility aspects based on the discussion and proposal of [12].

[bookmark: _Hlk127267592]
2.	Text proposal
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The scope of this study encompasses FR2 multi-band BS can support multiple FR2-1 mmWave bands transmission and/or reception through common active RF components. BS that supports multiple bands by means of separate antenna arrays and active components within the same enclosure are not in the scope of this study as they can already be supported by Rel-15 single band requirements and do not need further study.
FR2 BS capable of multi-band operation (whether those in the scope of this study, or BS supporting multiple bands by means of separate antenna arrays and active components within the same enclosure) should support evolution from single FR2-1 band to two FR2-1 bands application. Operators can configure for single band operation at one band initially and upgrade it to two bands sharing a common radio without further hardware investment. 
Since a common active RF components are used for FR2 multi-band BS, the receiver and transmitter operate simultaneously would require very large isolation, which make it less possible for unsynchronized operation between bands. Hence inter-band synchronized operation is required for multi-band operation.
Possible FR2 multi-band BS structures and configurations based on combining different receiver/transmitter implementations (multi-band or single band), as well as mapping receive and transmit signals on a shared antenna or separate antennas should be considered in the study.
Scenarios 1), 4), 5) and 6) below should be considered as the target scenarios to be studied in this study while no study needed on the scenario 2) and 3) below:
1) Multi-band transmitter and/or receiver with common active RF components
2) Single-band transmitter and receiver 
3) Configurable BS for different bands with the same hardware, i.e. only one band can be configured to operate at any time.
4) BS covers full-band or sub-band of band A and band B
5) BS covers consecutive spectrums with different band number, for example, n258+n261
6) BS covers two bands which have overlapping spectrums, for example, n258+n257, and BS support no overlapping frequency range in the two bands.

The upcoming section illustrates high-level architecture options for multi-band support and further identifies which of those options are within the scope of this study.

4.2.1	Architecture options
Figure 4.2.1-1 depicts potential architectures based on the implementation options available for multi-band support in FR2-1 BS. The main components included are the PA, antenna array, and diplexers (wherever needed). Note that there are no active RF components before the RF input in any of the options in the figure.
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Figure 4.2.1-1:  High-level architecture options to support multi-band operation in FR2-1

From the options captured in the figure, Option #2 and Option #4 are the target scenarios of this study item, while no study is needed for Option #5. For Option #1 and Option #3, if the PA is capable of being operated in multiple bands at the same time, then it supports multi-band operation. However, if the PA can only be configured and operated in a single-band, then it is considered a single-band RIB.

Considerations for architecture options
· Antenna array
As detailed in Clause 5.3.1, either a multi-band antenna array (broadband or with multi-resonances) or separate antenna arrays with lower percentage bandwidth can be used. In comparison to separate antenna arrays, a consolidated multi-band design is more compact and reduces costs, but trades performance aspects that can be optimized for in separate designs. On the other hand, having separate designs enables dedicated optimizations, yielding better performance. This comes at the cost of significantly larger circuit area being used for two designs and additional integration losses from lines and transitions.

· PA and component placement
Choosing where to place components is an important part of a multi-band solution as it impacts the overall performance. For instance, placing the diplexer before the PA is preferred from a design loss and power dissipation perspective. This is because the insertion loss of the diplexer occurs at a lower power level and can be accommodated by a simple increase in driver gain. Conversely, if the diplexer is placed after the PA, the insertion loss of the diplexer directly reduces the power available to the antenna array and leads to more thermal dissipation. As shown in Option #4, this diplexer can be avoided by using a multi-band antenna, such as a single input stacked patch design.

Dedicated PAs for the desired frequency ranges may be adopted from a design loss and power dissipation perspective, as the narrower band designs will have better efficiency and the thermal dissipation will be spread out over a larger area. 

· Feasibility
Option #1 and Option #3 are feasible with current technology if the ranges covered by each path have a fractional bandwidth up to 19.5%. Per agreements in sub-Clause 5.2.1.4, Option #2 and Option #4 should also be feasible for a fractional bandwidth up to 19.5%. Note that even within the same frequency group, the performance attained would yield a lower Tx power compared to a single-band design. However, given that this requirement is a manufacturer declaration, it would not impact the requirement applicability.


< Next change >

5.2.1.2	Beam former and PA
There are a number of components available today which offer sufficient band widths to cover at least some of the FR2 multi-band options. In [24] a wide band beamformer and PA was presented which covered 24 to 29.5 GHz (bands n257/n258/n261). The performance of which can be seen in table 5.2.1.2-1 and figure 5.2.1.2-1.
Table 5.2.1.2-1: beamformer IC in 24-29.5GHz 
	Parameter
	Beamformer

	Frequency Range
	24-29.5 GHz

	Tx Op1dB/OIP3 
	21 / 25 dBm

	Tx Pdiss/Ch @ 12dBm Pout
	300 mW

	Pout @3% EVM w/ 64QAM
	12 dBm

	Rx Single Channel NF
	4 dB

	Rx Pdiss
	130 mW

	Instantaneous Bandwidth
	1600 MHz
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   Figure 5.2.1.2-1: PA bias optimized for P1dB for 24GHz (left), and 28GHz (right)
It is considered feasible that multi-band beamformer IC covering 24-29.5GHz and associated bands can be achieved.
Looking further ahead the results of academic studies in [25] a 24-42 GHZ wideband PA was presented which exhibited flat P1dB of 17.8 to 19.6dBm, within 1.6dB from Psat, and flat PAEP1dB of 36.6 to 44.3% over 24 to 40GHz, verifying the truly wideband large-signal matching.

In [26] the hybrid N/PMOS allowed the 26-39GHz PA deep Class-AB biasing and device cascade, substantially increasing PA Pout and efficiency.
These PAs across different frequency groups are summarized in the following Table 5.2.1.1-2. It can be seen that some recent study shows PA covering 26-39GHz, 24-42GHz with average output power around 10dBm,PAEP1dB larger than 30%.
Table 5.2.1.2-2: PAs performance from literatures 
	Frequency
	[25] 24 -42GHz PA
	[26] 26 -39GHz PA

	Authors and year of publication
	Fei Wang,2020
	J Park,2022

	Technology
	45nm SOI CMOS
	45nm SOI CMOS

	Gain
	20.5
	18.9

	S21BW-3dB（GHz）
	25.8-43.4
	25.3-42.0

	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

	Pavg（dBm）
	8.4-11.3
	10.8-12.3

	PAEP1dB（%）
	36.6-44.3
	29.9-34.9




These papers indicate that PAs covering frequency ranges from 26 to 40GHz or more are at least technically feasible in the research environment and may become available in the longer term.
Additionally, PAs with wide percentage bandwidths may not be capable of operating with signals that broad. For instance, while the PA may cover 50% bandwidth, its instantaneous bandwidth, i.e., maximum signal bandwidth, is usually restricted to a few hundred MHz due to limitations with bias networks and memory effects.
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