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1. Introduction
At the last RAN4 meeting (RAN4#92 in Ljubljana) technical background information relevant for the transmitter architecture was included in draft TR 38.820. The intension was to capture different beamforming approaches that can be adopted by base station operating in the frequency band 7 to 24 GHz. 
After the meeting in the reviewing phase, some inconsistencies with respect to the usage of base band processing and relations with base band processing defined in RAN1 specifications was identified. 
Also, the new frequency region falls in between where traditionally digital beamforming have been adopted for FR1 and analog beamforming adopted for FR2, which makes it reasonable to assume that different types of beamforming architectures will be used for implementations in the frequency range 7 to 24 GHz. Considering this SI, the architecture needs to be general to fit all possible versions of analog beamforming, digital beamforming and hybrid beamforming, also being consistent with RAN1 specifications. 
In this contribution a generalized reference architecture for the transmitter is presented. At the end of this contribution a text proposal is attached for approval. The text proposal updates the technical information from last meeting with the intension to improve the technical background information in TR 38.820, subclause 5.3.2.

2. Discussion
The downlink signal can be spatially beamformed in the digital domain or the analog domain or a mix in between. For base stations using array antenna panels designed to operate in one half sphere, the beam forming achieved by the radiating elements are often left out when a design is categorized as utilizing analog beamforming or digital beamforming. Even though, the element radiation pattern plays an essential role with respect to the base station beamforming capability. 
When both analog beamforming and digital beamforming is used, it is referend to as a hybrid beamforming system. 
In Figure 2-1, the basic principle for digital beamforming is visualized. For digital beamforming the array antenna weights are applied to the signals in the digital domain. 
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Figure 2-1: Digital beamforming principle
In the case for having omni-directional antenna elements, this would be the purest version of digital beamforming. However, for base station a ground plane is used together with elements that will provide analog beamforming. 
The other extreme case is where the beamforming weights (in the example only as phase shift) are applied to the signals in the analog domain, as shown in Figure 2-2.
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Figure 2-2: Analog beamforming principle
Different base station implementations will adopt different levels of digital and analog beamforming schemes. A generalized architecture is visualised in Figure 2-3. 
The base station transmitter reference architecture consists of baseband processing (according to TS 38.201), antenna port mapping, transceiver array, radio distribution network and antenna array.
The baseband processing is specified in RAN1 specification. The logical antenna ports are mapped to physical antenna ports in the antenna port mapping block. Here the number of logical ports is expanded to radio branches. The transceiver array consists of several parallel transmitter chains, see Figure 2-1 and Figure 2-2. In the radio distribution network, the RF signals are mapped to array antenna. 
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Figure 2-3: Reference TX architecture
Based on the implementation the number of interfaces between the sub-systems may vary. The parameters in the reference architecture is described in Table 2-1.
Table 2-1: Port parameters
	Parameters
	Description

	NLP
	Number of supported logical ports defined in RAN1 specifications

	NBB
	Number of I/Q data transmitter streams feed to DACs in the transceiver array

	NRF
	Number of RF connectors at the transceiver array boundary

	NAE
	Number of RF transmission lines to antenna array





Examples:
NRF=NAE corresponds to the case where the radio distribution network applies a 1:1 mapping, where one element is connected to a transmitter. 
NLP=NBB corresponds to the case where the antenna port mapping applies a 1:1 mapping, where the number of supported logical ports are equal to the number of transmitters. 
The relations between the number of interfaces, can be used to discriminate between different beamforming approaches as described in Table 2-2. 
Table 2-2: Beamforming concepts 
	Beamforming
	Antenna Port Mapping
	Transceiver Array
	Radio Distribution Network

	Analog
	NLP=NBB
	NBB<NRF
	NRF<NAE

	Digital
	NLP<NBB
	NBB=NRF
	NRF<NAE

	Hybrid
	NLP<NBB
	NBB<NRF
	NRF<NAE



By describing the number of interfaces in the generalized transmitter architecture, the beamforming type can be established. 

3. Conclusion
In this contribution the background for improvement of the technical information captured in TR 38.820, subclause 5.3.2 is presented. In the current version of TR 38.820, the transmitter architecture refers to base band processing, but to differentiate between different beamforming schemes the description should differentiate between base band processing captured by RAN1 specifications and antenna port mapping part of the transceiver array back end. 
The intension is to improve the transmitter architecture by aligning with the base station architecture used for AAS and fitting to the RAN1 framework. 
At the end of this contribution a text proposal is attached for approval. 
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TEXT PROPOSAL:

[bookmark: _Toc18467462]5.3.2	Transmitter architecture
It is generally assumed that FR1 BS adopt a BB digital beam forming architecture in addition to using digital adaptive pre-distortion to linearize the transmitter and that FR2 BS use analog, digital or hybrid beam forming and does not use linearization. Whilst these 2different architectures decisions may go togethertogether, they are not dependent on each other but are both dependent on a similar set of technical parameters.
Low frequencies lend themselves to both digitalBB beam forming and digital linearization as they have the following characteristics:
· Antennas size and hence No of elements is limited by the physical size.
· Power amplifiers can be high power
· Operating band widths are small (compared to FR2)
As such a separate transmitter chain from BB to antenna element is feasible. For a base station the principle transmitter architecture is visualised in figure 5.3.2-1.
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Figure 5.3.2-1: TX architecture
Based on the implementation the number of interfaces between the sub-systems may vary. The parameters in the reference architecture is described in table 5.3.2-1.
Table 5.3.2-1: Port parameters
	Parameters
	Description

	NLP
	Number of supported logical ports defined in RAN1 specifications

	NBB
	Number of I/Q data transmitter streams feed to DACs in the transceiver array

	NRF
	Number of RF connectors at the transceiver array boundary

	NAE
	Number of RF transmission lines to antenna array




The relations between the number of interfaces, can be used to discriminate between different beamforming approaches as described in table 5.3.2-2. 
Table 5.3.2-2: Beamforming concepts 
	Beamforming
	Antenna Port Mapping
	Transceiver Array
	Radio Distribution Network

	Analog
	NLP=NBB
	NBB<NRF
	NRF<NAE

	Digital
	NLP<NBB
	NBB=NRF
	NRF<NAE

	Hybrid
	NLP<NBB
	NBB<NRF
	NRF<NAE



[image: ]
Figure 5.3.2-1 BB beam forming architecture
Because each PA has a path from the digital processing domainBB implementing digital pre-distortion is possible, the relatively small bandwidthsBW’s of the operating bands mean that converters are feasible and also the high power of the PA means that the energy saved in linearizing the PA is greater than the energy used in implementing that linearization.
At high frequencies the individual PA power is much lower, in addition the antenna array size and the number of elements is no longer governed by the physical size of the array. Larger path losses at higher frequencies mean that higher gain antennas are more important. As such FR2 arrays tend to have a larger number of lower powered PA’s. In this case operating a separate path from digital processing domainBB to antennas becomes compleximpractical and hence hybrid beam forming architectures are assumed.
[image: ]
Figure 5.3.2-1 Hybrid beam forming architecture
As the beam forming is done in the RF it is not possible to individually digital pre-distort each PA in addition the wide operating and channel BW’s bandwidths mean that generating 3 to 5 times the bandwidthBW from the digital-to-analog converters starts to become impractical and the relatively lower power saved per PA means the power saving compared to the power used in the lineariser is not attractive. Hence it is currently assumed digital linearization is assumed to be not used for FR2.
For both FR1 and FR2 however these are assumptions are not used for requirement setting, the antenna size, number of and power of the PA’s is assumed when investigating co-existence but the beam forming and linearization architectures are not important at this level. 
For the 7 - 24 GHz region it is likely that implementation will change from a digitalBB beam forming architecture to a hybrid beam forming or analog beamforming architecture at some frequency in this range however this is not relevant to the requirement setting. As with FR1 and FR2 the size, number of and PA power rating assumptions are required to estimate typical OTA performance when studying co-existence, but the requirement do not need to make any assumption on how the beam forming is achieved or how or if the PA’s are linearized.
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