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1	Introduction
[bookmark: _Hlk132003586]As part of the NR BS RF requirement evolution study, RAN4 has been discussing the performance of several mm-wave RF components to assess the feasibility of an FR2-1 multi-band BS [1-3]. During RAN4 #106, a summary of the study’s agreements was approved [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%.



Additionally, various text proposals addressing feasibility have been approved, including content on DPD, antenna array, and phase shifters [5-10].

[bookmark: _Hlk127267592]In this paper we discuss additional feasibility aspects to further expand on implementation and integration considerations to support multiple FR2-1 bands.

2	Discussion
The primary objective of this study is to assess the technical feasibility of broadband solutions to enable multi-band BSs in FR2-1. To do this, the definition and relevant scenarios were firstly agreed, as summarized below [11]:
Definitions:
· Reuse the current FR1 definition of multi-band RIB for FR2
· No need to introduce the definition of multi-band BS for FR2 into specification

Targeted deployment scenarios:
· Multi-band transmitter and/or receiver with common active RF components
· BS covers full-band or sub-band of band A and band B
· BS covers consecutive spectrums with different band number, for example, n258+n261
· BS covers two bands which have overlapping spectrums, for example, n258+n257, and BS support no overlapping frequency range in the two bands



The agreements above focus the feasibility assessments of this study to scenarios supporting multiple FR2-1 bands by using common active RF components. However, it is important to highlight that multi-band support is also possible with implementations using separate antenna arrays and active components [12].
Implementations:
· BS type 1-O and BS type 2-O may support operation in multiple bands with one of the following implementations at the radiated interface 
· All RIBs are single-band RIBs
· All RIBs are multi-band RIBs
· A combination of single-band RIBs and multi-band RIBs provides support of the BS type 1-O capability of operation in multiple operating bands



2.1	Feasibility studies
With targeted scenarios defined, the performance and challenges of various broadband components were discussed and led to the agreement that multi-band implementations with up to 19.5% percentage bandwidth are feasible, while solutions beyond this percentage may be feasible in the future [4]. Since a multi-band solution may have a combination of broad and narrow band components, and integration choices will also impact its performance, it is useful to examine these as additional feasibility aspects to consider. In the following section, we discuss the feasibility of four high-level configurations based on the implementation options available to support multiple FR2-1 bands. We note that some of these aspects have already been addressed in previous discussions [5][10], but implementations have not been illustrated to expand on points made in the General and Other clauses of TR 38.877 [12].	

Observation 1: While some integration aspects have been addressed in the discussions of individual components, high-level configurations of implementation options to support multiple FR2-1 bands have not been covered to illustrate additional feasibility considerations.

2.1.1	Additional aspects
As discussed in the previous section, a multi-band solution will depend on the choice of broadband and narrow band components, where these are placed, how they are connected, and their overall integration. Taking these into consideration, Figure 1 depicts potential configurations based on the implementation options available for multi-band support in FR2-1 [12]. The main components included are the PA, antenna array, and diplexers (wherever needed).

[image: ]
Figure 1.  High-level configuration options to support multi-band operation in FR2-1

Notes:
· Low = lower frequency range supported
· Low range may be single-band or multi-band
· High = higher frequency range supported
· High range may be single-band or multi-band
· MB = component supports multi-band
· For antenna arrays, MB can be either a broadband design or a design with multiple resonances 

Considerations for configuration options
· Antenna array
As detailed in [7], for the antenna array we can use multi-band design (either broadband, or with multiple resonances) or separate designs with lower percentage bandwidth. Compared to having separate antennas, a consolidated multi-band design is more compact design 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 power to the antenna array and leads to more thermal dissipation.

Dedicated PAs for the desired frequency ranges are preferrable from a design loss and power dissipation perspective, as the narrower band designs will be lower in cost, have better efficiency and the thermal dissipation will be spread out over a larger area. 
· Feasibility
Per previous agreements, Configuration #1 and Configuration #3 are feasible with current technology if the ranges covered by each path have a fractional bandwidth up to 19.5% [4]. If we apply the same limitation to Configuration #2 and Configuration #4, they should also be feasible. We do note that even within the same frequency group, the performance attained would yield a lower power compared to a single-band design. However, given that this requirement is a manufacturer declaration, it would not impact the requirement applicability. 

Furthermore, 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.

Observation 2: Descriptions and feasibility considerations for each configuration are captured below:
1) Diplexer + two separate frequency range paths (each with its own PA and antenna array)
· Benefit: lower costs, allows individual optimization of PA and antenna designs, likely best performing option based on currently available technology
· Disadvantage: largest circuit area, more integration losses
2) Multi-band PA + diplexer + two separate antennas (one for Flow and one for Fhigh)
· Benefit: compared to Configuration 1, it is smaller and has less integration losses, allows individual optimization of antennas
· Disadvantage: still requires more circuit area for separate antennas, and diplexer location at PA output implies more heat loss (knocks down PA power) and reduces max available Tx power
3) Diplexer + two separate frequency range paths, each with its own PA + diplexer + multi-band antenna
· Benefit: compared to Configuration 1, is smaller and with less integration losses, allows individual optimization of PAs
· Disadvantage: still requires more circuit area, and diplexer location at PA output implies more heat loss (knocks down PA power) and reduces max available Tx power
4) Multi-band PA + multi-band antenna
· Benefit: no diplexer needed, most compact design
· Disadvantage: does not allow for individual band optimization for PA (efficiency) or antenna (pattern/gain), requires higher performing more complex components and technologies

Table 1 further summarizes feasibility aspects for the four configuration options considering performance, integration, and packaging impact.

Table 1. Summary of feasibility considerations for configuration options to support FR2-1 multi-band operation
	
	CONFIG. #1
	CONFIG. #2
	CONFIG. #3
	CONFIG. #4

	PHYSICAL SIZE
	Poor
	Fair
	Good
	Best

	LOSSES
	Good
	Poor
	Worst
	Best

	INTEGRATION
	Poor
	Good
	Fair
	Best

	EFFICIENCY
	Best
	Poor
	Fair
	Worst

	LINEARITY
	Best
	Poor
	Good
	Worst

	THERMAL
	Best
	Poor
	Good
	Worst


Proposal 1: Expand the feasibility content of TR 38.877 to include the additional aspects in section 2.1.1 for the high-level configuration options. 



3	Conclusions
In this paper we discussed additional feasibility aspects to further expand on implementation and integration considerations to support multiple FR2-1 bands. The following observations and proposals were made:

Observation 1: While some integration aspects have been addressed in the discussions of individual components, high-level configurations of implementation options to support multiple FR2-1 bands have not been covered to illustrate additional feasibility considerations.

Observation 2: Descriptions and feasibility considerations for each configuration are captured below:
1) Diplexer + two separate frequency range paths (each with its own PA and antenna array)
· Benefit: lower costs, allows individual optimization of PA and antenna designs, likely best performing option based on currently available technology
· Disadvantage: largest circuit area, more integration losses
2) Multi-band PA + diplexer + two separate antennas (one for Flow and one for Fhigh)
· Benefit: compared to Configuration 1, it is smaller and has less integration losses, allows individual optimization of antennas
· Disadvantage: still requires more circuit area for separate antennas, and diplexer location at PA output implies more heat loss (knocks down PA power) and reduces max available Tx power
3) Diplexer + two separate frequency range paths, each with its own PA + diplexer + multi-band antenna
· Benefit: compared to Configuration 1, is smaller and with less integration losses, allows individual optimization of PAs
· Disadvantage: still requires more circuit area, and diplexer location at PA output implies more heat loss (knocks down PA power) and reduces max available Tx power
4) Multi-band PA + multi-band antenna
· Benefit: no diplexer needed, most compact design
· Disadvantage: does not allow for individual band optimization for PA (efficiency) or antenna (pattern/gain), requires higher performing more complex components and technologies

Proposal 1: Expand the feasibility content of TR 38.877 to include the additional aspects in section 2.1.1 for the high-level configuration options. 



4	References
[1] [bookmark: _Hlk85800976]R4-2217489, “Email discussion summary for [104-bis-e][307] FS_NR_BS_RF_evo,” Moderator (Huawei), RAN4 #104Bis-e, October 2022
[2] R4-2220133, “Summary for [105][307] FS_NR_BS_RF_evo,” Moderator (Huawei), RAN4 #105, November 2022
[3] R4-2303751, “Topic summary for [106][306] FS_NR_BS_RF_evo,” Moderator (Huawei), RAN4 #106, February 2023
[4] R4-2302902, “WF for SI summary,” Huawei, HiSilicon, RAN4 #106, February 2023
[5] R4-2302895, “TP to TR 38.877: General paragraph for feasibility aspects,” Ericsson, Huawei, RAN4 #106, February 2023
[6] R4-2302896, “TP to TR 38.877: DPD in FR2 multiband BS,” Nokia, Nokia Shanghai Bell, RAN4 #106, February 2023
[7] R4-2302897, “TP on antenna array,” Huawei, HiSilicon, IIT Jodhpur, IIT Delhi, RAN4 #106, February 2023
[8] R4-2302898, “TP on RF front end,” Huawei, HiSilicon, RAN4 #106, February 2023
[9] R4-2302899, “TP to TR 38.877: phase shifter in FR2 multiband BS,” ZTE Corporation, RAN4 #106, February 2023
[10] R4-2302900, “TP to TR 38.877: Other feasibility aspects,” Ericsson, RAN4 #106, February 2023
[11] R4-2217450, “WF on definition of FR2-1 multi-band BS,” CATT, RAN4 #104Bis-e, October 2022
[12] TR 38.877: Study on NR mmWave MB-BS, v0.3.0, April 2023


2

image1.emf
Configuration #1

F

low

F

high

RFIN

MB

DIPLEXER

PA

MB

ANT

low

ANT

high

Configuration #2

F

low

F

high

RFIN

MB

DIPLEXER

DIPLEXER

ANT

MB

PA

low

PA

high

Configuration #3

Configuration #4

PA

low

ANT

low

PA

high

F

low

RFIN

MB

DIPLEXER

ANT

high

F

high

RFIN

MB

ANT

MB

PA

MB


