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1 Introduction
In the last meeting transmitter architectures were discussed specifically with respect to PA linearization and beam forming architectures. 

In this paper we clarify our view on how the potential architectures are related and how they may affect the requirements.
2 Discussion
The transmitter architecture discussion was focused on 2 things:
· Beam forming method (digital or hybrid)
· Linearization.

The 2 things are not directly related but both are somewhat reliant on the same input considerations.

Beam forming

FR1 AAS BS are generally considered to employ digital or BB beam forming, where the phase an amplitude offsets applied to the signal for each element in the array are applied in the base band.

This has a number of advantages in that beams can be different in both time and frequency as the phase offsets are applied at RB level in the BB.
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At the point the beam forming is applied however the remaining blocks have to be duplicated, with BB beam forming an entire TX chain form converters to PA is required for every active element in the array. Whilst this architecture gives the greatest opportunity to extract gains due to the beam forming it is also complex and requires a lot of additional hardware.

For FR1 systems the antenna size is limited not by the available number of transmitter paths but by the physical size of the antenna the number of transmitter chains required to implement BB beam forming is naturally limited. Systems with up to 64/128 TRX’s have been discussed.

Hybrid beam forming uses a combination of BB beam forming and RF beam forming
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As the beam forming is done later in the chain fewer of the parts are duplicated. If done in the RF then RF phase shifters are needed but the digital to analogue converters, upconverters etc do not need to be duplicated.

As the whole RF signal is subjected to the beam steering it is not possible to generate separate beams for frequency sub blocks, hence beam forming can only be done on time sub blocks, this is a limitation BB beam forming does not have.

FR2 systems tend to use hybrid beam forming for a number of reasons; BW’s are greater, mm wave LO’s are harder to build/distribute, the comparative lo power of the PA means there are many more of them, higher antenna gain and hence larger numbers of active elements are required …

Although it is assumed that FR1 use full BB beam forming and FR2 uses hybrid beam forming there is nothing in the specification that mandates the beam forming architecture.

In the 7 to 24GHz range the number of active elements in the antenna is unlikely to be limited by the antenna size, as such a larger number of elements maybe used to achieve an electrically larger and hence higher gain antennas – similar to FR2. The reduced output power capability of PA devices will also results in larger numbers of them being used to achieve the same output power. As such it seems likely that hybrid beam forming will be used in the 7 to 24GHz region, however BB beam forming should not be excluded by the specification.

Linearization

The most common method of linearization in FR1 is digital pre-distortion, by linearizing the transmitter (PA) response it is possible to use the PA higher on its transfer curve and hence achieve greater output power and efficiency compared to if the same requirements are met without linearization.

Pre-distortion requires the BB and converters t have 3 to 5 times the BW of the signal being linearized as such the converters and BB are running at greater speeds and hence higher power than a more narrow band equivalent. In addition a feedback path is needed to sample the output of the TX so that the pre-distorter can be adapted.  As such the pre-distorter itself uses power, for a large FR1 PA the power the pre-distorter uses is small compared to the power saved at the PA. However as the power of the PA decreases then the balance stars to shift. For low power PA’s the power needed to linearize them can be greater than the power saved.

Once again with FR2 the low output power and the wide operating BW’s as well as the more relaxed linearity (ACLR) requirements mean that it is not expected that complex digital linearization will be used. In addition if hybrid beam forming is used then it is not possible to pre-distort for PA’s individually as there are multiple PA’s associated with each BB path.
For both the beam forming and the linearization the same parameters are responsible for the choice of architecture

· Number of PA

· Power level of PA’s

· BW
The number of the PA’s is related to the antenna size (which is somewhat frequency related) and the available power of each PA which is also somewhat frequency related. The band width is not strictly frequency related as it depends on the allocated spectrum, however as frequency increases it is likely that more band width is available. As such the design decisions for the beam forming method and the linearization will change as frequency increases, hence beam forming and linearization architectures are not directly linked but as they depend on many of the same parameters it seems like they are linked. However the choice of both linearization method and beam forming should not be locked together and the specification should allow for any reasonable implementation.
2.1 Information for SI TR
Defining the transmitter architecture is not a primary goal of the SID and as it does not strongly influence the requirements it is not necessary to capture mush detail on either the expected beam forming method or any potential linearization.
Summary
The beam forming methodology and the linearization have been discussed and how they relate to each other and to the frequency of operation. Both architecture decisions are related to frequency based on the number and the power of PA’s.

· High frequencies necessitate lower power PA’s and hence more of them are required – this leads to hybrid beam forming non-linearized (or possibly analogue linearization) architectures being more likely

· Lower frequencies may have fewer higher power PA’s which lead to BB beam forming with digital linearization being the more likely solution.

In the 7-24GHz region there will be a frequency where the most common implementation architectures change – however this does not affect the requirements and hence does not need to be mandated in anyway. The existing FR1 and FR2 requirements do not mandate the internal architecture of the transmitter although of course some assumptions on implementation have been used when doing co-existence studies.
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