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1	Introduction
This contribution provides a TP on FR2 multi-band BS aspects that should be considered
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5.1	General
The following components of the radio system are likely to be challenging in design and need careful consideration when designing a multi-band FR2-1 basestation.

PA bandwidth and linearity
A PA would need to be available with a large bandwidth. The PA would need to maintain a decent power efficiency and provide sufficient linearity that adjacent channel emissions and EVM requirements would continue to be met. PA performance needs to be achieved with non-contiguous carriers in different parts of the spectrum, the most extreme example being several hundred MHz at around 24-28GHz simultaneously with several hundred MHz at around 37-40GHz.
Potentially, achieving the necessary linearity over such a wide bandwidth without the need for a substantial backoff would necessitate a linearization algorithm. Such an algorithm would have a very high degree of complexity due to the size of the bandwidth to be linearized and the large number of PAs within an FR2-1 array. The complexity of such an algorithm may make it difficult to achieve an overall power reduction.

ADC and DAC bandwidth and sample rate
To achieve the large IBW, the design of ADC and DAC would need to be complex to support the needed bandwidth and linearity with a reasonable power consumption and resolution.

Interface and digital transport
Directly supporting an RF front end with a large bandwidth would require high sample rates and the movement of large amounts of digital data. The size and power consumption of the digital transportation and associated digital processing and interfaces would need careful optimization.

Antenna array and beamforming
For mmWave radios, there is a need for close integration between radio components and antenna elements in order to minimize routing losses and achieve good output power and receiver sensitivity. Options for providing routes to different antenna arrays from a common wideband radio are likely to be very limited. If a single antenna array is used for all of the bands, then the array cannot be optimized in the same manner as individual arrays for 28 and 39GHz, and beamforming performance will be impacted. For the highest frequency the antenna will tend to be a sparse array and for low frequencies it will tend to be a dense array. This will lead to different performance in terms of main beam and side lobe characteristics compared to single band arrays.
It is well known that individual antenna elements can be designed to support a large bandwidth (more than one octave is feasible with certain element design technologies, e.g., Vivaldi antennas). However, designing an array antenna for AAS BS also aspects related to the array design needs to be considered. In an array antenna the array lattice will determine quality of far-field characteristics. For AAS BS the intention has been to always strive to keep the physical separation within the array antenna around 0.5 to 0.7 wavelength in the horizontal plane. In the vertical plane element separation can be larger due to optimized antenna geometries using sub-arrays. For a wide band system with a fixed physical element lattice, it is very difficult to keep the element separation within an acceptable range of 0.5 to 0.7 wavelength in the horizontal plane. This means for a MB capable FR2 base station the array lattice needs to be set per a specific frequency, which would lead to that performance is optimal for one band and with degraded performance for the other band. For example, it may be the case that a particular beam direction may e.g., cause a grating lobe and power loss in one band, but not in the other, which would lead to different EIRP accuracy performance depending on the bands being used for transmission.
For mid-band frequencies within FR1, it is feasible to design array antennas where the radio is feeding two interleaved antenna structures. For FR1, additional of external components in the Radio Distribution Network (RDN) is an option with reasonable penalty in terms of routing complexity and transmission loss. For FR2 interleaved array antenna structures would lead to very complex routing in the substrate between the RF ASIC and the antenna elements in the array. Experiences gives that the routing of signal at frequencies within the range 20 to 40 GHz needs to be as short as possible to minimize leakage and transmission losses. 
Current FR2 BS is often using analog or hybrid beamforming schemes. This means that for a MB BS the same array excitation is applied for multiple bands. For future implementations with digital beamforming band specific array excitation can be used.
For FR2 the spectrum used for 3GPP bands is also used for other services, this means that emission towards other services e.g., towards satellites in the sky need to be kept under control. For an array antenna supporting a large bandwidth with potential significant grating lobe response the interference control will be very complex. 
For FR1, typically neighboring bands are located spectrum wise close to each other compared to FR2. Also, bands tend to be much wider for FR2 compared to FR1. These aspects also require careful considerations when MB support is discussed for FR2. The challenge to design an array antenna is to achieve an element separation which keep mutual coupling under control putting elements not to close in the range 0.5 to 0.7 wavelength. At the other end, the maximum separation should not be too large to minimize the impact of “grating lobes”.
For EIRP accuracy and OTA reference sensitivity, whether there would be any dependence of the peak directions or OTA sensitivity range between the bands should be studied.

Analogue filtering
Possibilities for filtering for mm Wave are limited due to the rightly integrated arrays. Filtering may be needed in order to achieve emissions requirements towards other systems, in particular EESS. Any need to achieve filtering around 28GHz and also around 39GHz within a tightly integrated array will pose new challenges on the design. The ability to meet emissions requirements, and any potential restrictions on operation needed to meet regulatory requirements with a wideband radio needs to be considered.
In the receiver direction, filtering may be needed for the purpose of meeting OOB blocking requirements that will occur within the bandwidth of the receiver.
Mm wave filter aspects have been in-depth studied during rel 15.
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