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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].
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2.	Text proposal

< Start of changes >



[bookmark: _Toc112318694]5.4 Other
In this section, a number of other considerations for FR2-1 wideband BS from the feasibility point of view, that are not considered in the preceding sections are mentioned.

Digital considerations
To support a large bandwidth, it is necessary to provide a high sampling rate for ADC and DAC. For individual Frequency Band Groups (e.g. 24.5-29.5GHz, n257+n258), the bandwidth to be supported may be more than 5GHz, and to cover the full FR2-1 the bandwidth might be up to 24GHz. If linearization would be seen later to be feasible for multiband BS, then DAC/ADC would need to support for the feedback and correction, which poses another challenge to DAC/ADC.
Potentially only the in band spectrum could be generated by separate converters [xx] which would reduce the requirements on individual converters.
In an implementation, the architecture, RF performance and power consumption of the analogue/digital interface would be key considerations. The ADC and DAC complexity and power consumption could be reduced by reducing the sampling resolution, but this would impact TX factors such as EVM and emissions and RX factors such as dynamic range and RX EVM. For this reason, care would need to be taken that requirements on e.g. EVM, receiver dynamic range and demodulation performance would be achievable.
In addition to the DAC and ADC, the large bandwidth and sampling rates would lead to very high volumes of data to be moved within the radio architecture. Data transport and interface architectures would need to support the very high data volume. Reducing the data volume (e.g. by reducing the sampling resolution) would lead to similar considerations as for ADC and DAC on meeting requirements such as EVM, emissions, RX dynamic range and demodulation.
In addition to the interface bandwidth, the digital transport latency may also impact radio near algorithms  (such as DPD, CFR) and could impact the performance of the transmitter and receiver. It is not clear whether the need to support a much larger interface bandwidth could impact the interface latency.

Digital filtering may be needed for meeting selectivity and blocking requirements depending on the sensitivity and architecture. The large sampling rates and bandwidth would increase the amount of computational power needed for digital filtering, and potentially the achievable steepness of the filters. This could impact the feasibility of meeting TX EVM and RX selectivity, blocking and demodulation requirements.

Analogue considerations
The possibilities for analogue filtering within an FR2-1 AAS array are extremely limited and are described in [xx]. The filter in a typical single-band FR2 BS may not be placed before the antenna. However, it could be the case of multi-band, due to the multi-frequency signal going through the PA if the PA is highly nonlinearity, or due to the architecture splitting multi-band signals. And thus filter before the antenna may be needed.
If a filter would need to be placed before the antenna, then there are other issues in practice with insertion loss and power unbalancing due to non-identical filter for each branch.
The regulatory requirements in the inter-RF gap and the linearity of the transmitter will set the boundary for the analogue filtering. The feasibility of analogue filtering may impact the ability to meet some regulatory emissions requirements and out of band blocking, and if the filter has ripple also the EVM may be impacted.
Depending on the array architecture, it may be necessary to split different frequency components of the multi-band signal and route them to different antenna elements. The splitting and additional routing can have implications for TX power loss and RX sensitivity. If the power loss is significantly different/uneven between antenna branches, then beamforming may be spoiled, and calibration may be required which may bring complexity to the architecture. This may impact the feasibility of the multi-band solution, although since TX power and RX sensitivity are subject to declarations it may not impact the requirements definition.

Configuration options
Figure 5.4-1 depicts potential configurations based on the implementation options available for multi-band support in FR2-1. The main components included are the PA, antenna array, and diplexers (wherever needed).
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Figure 5.4-1:  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 Clause 5.3.1, 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 agreements in [4], 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%. 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. 

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.

Descriptions and feasibility considerations for each high-level 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 5.4-1 further summarizes feasibility considerations for the four configurations to support FR2-1 multi-band operation.

Table 5.4-1: Summary of feasibility considerations for configuration options
	
	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
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