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1. Introduction

Currently the AAS base station architecture in section 4.3 of TR 37.842 is copied from AAS SI TR 37.840. This architecture does not really reflect the discussion occurring lately in the AAS WI. It is therefore suggested to update the architecture following the discussion in the AAS WI. 

There have been end-less discussions about the relation between RAN1 antenna ports and RAN4 antenna connectors in the work of defining parameters such as number of AAS-ETAC. Some minor additions to the figure in section 4.3 bring some light to the discussion. 

Also an editorial clean up with respect to the usage of abbreviations in necessary.

At the end this contribution holds a text proposal with additions and updates to section 4.3 in TR 37.842.
2. Discussion

In the RAN4 discussion it have been noticed that the use of “Antenna ports” opens up for confusion. The meaning of antenna ports is not clear, since multiple definitions are used, such as:

· Antenna port found at each transceiver

· Antenna port found on an antenna element

· Antenna port defined in RAN1

According to the discussing related to minimum requirement for radiated output power it became clear that defining more accurately the meaning of antenna ports and antenna connectors would help in the discussion. In the reference architecture some parameters are missing (e.g. K and L) together with a block called Antenna Port Mapping. 
In the discussion it was noticed that a clear differentiation between numbers of logical antenna ports, physical transmitters and antenna elements can be found in the reference architecture. The concept of antenna ports is defined in RAN1 specifications [2, 3]. The number of defined antenna ports is currently set to 22. How an antenna port is mapped to a physical antenna connector is not defined in 3GPP, as a consequence the number of transceivers is not currently defined.
The logical antenna ports, physical radio connectors and antenna branches relates to different interfaces in the base station architecture. In current version of TR 37.842 section 4.3, a general AAS radio architecture for AAS base stations is captured as showed in Figure 2-1.

Figure 2-1: General AAS Radio Architecture
This radio architecture does not capture the whole AAS base station architecture, since base band processing is missing. In a note in section 4.3, the following text can be found: 
For AAS BS capable of supporting applications employing beam-forming, all or subgroups of transceivers can be configured with designated amplitude and phase weights such that one or more beams are radiated from the antenna array.
This text indicates that beam-forming can be applied in baseband processing, which means that beam-forming can occur at two places in the AAS base station architecture. It is suggested that the AAS radio architecture should capture the full scope of where beamforming is occurring, meaning that a block before the transceiver array should be introduced.

Figure 2-2 shows a block diagram where Antenna Port Mapping (APM) is included. The logical antenna ports defined in 36.211 is added on the right side of APM. The APM maps the baseband signal to proper transmitter for DL and maps receiver signals to baseband signals for UL. The mapping is implementation specific and can occur in the time domain or frequency domain. The figure clearly distinguishes between antenna ports, antenna connectors and antenna elements. It must be pointed out that the concept of base band ports in UL is not captured in specifications.
A clear evidence of the need to define a block for antenna port mapping is that a concept called Equivalent Transmitter Antenna Connector (ETAC) is created to associate RF core requirements for DL beams have been introduced for AAS base stations.
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Figure 2-2: Updated general AAS Radio Architecture
From figure 2.2 it is clear that the number of antenna port supported is not necessarily equal or one-to-one mapped to the number of antenna connectors.  Note that the beam forming done in RDN can be described in a similar manner. A typical partition of overall cell-specific beam-forming for a wide area base station can be described as follows; vertical beam-forming is created passively in RDN, while horizontal beam-forming is created in antenna port mapping block. In RDN the beam-forming is created at RF using passive components, while in APM the beam-forming is created at base band in the digital domain.

Each individual complex elements of the weighting matrix are determined by beam characteristics to be created by the system. Characteristics such as radiated output power per beam will depend on the beam forming created in both antenna port mapping block and RDN.
To clearly describe the relation between antenna ports and antenna connectors a new block is introduced. This block is called APM and is placed between the baseband block and the transceiver array.
It shall able be noted that the APM is applicable for UL, where signals can be mapped to fewer baseband ports than receiver branches by adaptive combining, creation of grid of beams or hybrids.

3. Conclusion

In an AAS base station it is reasonable to believe that beam-forming will occur digitally at base band and passively in RDN. The complexity will change from a single one-to-one mapping of antenna ports feeding the transmitters, to a more complex function where all beam-forming is applied at base band. It is therefore suggested to update the architecture in figure 4.3-1 in TR 37.842, including all interfaces. 
A text proposal is captured at the end of this contribution. This text proposal will be useful to clarify the terms antenna port and antenna connector in the future discussions.
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[Text proposal]
4.3
AAS BS architecture

The AAS radio architecture is represented by four main functional blocks, the Antenna Port Mapping (APM), the Transceiver Unit Array (TXRUA), the Radio Distribution Network (RDN) and the Antenna Array (AA). The APM interfaces with the base band processing within the AAS eNodeB.
The TXRUA consists of multiple Transmitter Units (TXU) and Receiver Units (RXU). The TXU takes the baseband input from the AAS Base Station and provides the RF TX outputs. The RF TX outputs may be distributed to the AA via a RDN. The RXU performs the reverse of the TXU operations. The RDN, if present, performs the distribution of the TX outputs into the corresponding antenna paths and Antenna Elements (AE), and a distribution of RX inputs from antenna paths in the reverse direction. The transmitter and receiver unit can be separated and can have difference mapping towards Radiating Elements (RE). The APM if present performs the mapping of logical antenna ports to corresponding radio paths. 
The transceiver array boundary is the point or points at which the transceiver array is connected to the RDN in figure 4.3-1. The “Transceiver array boundary” may refer to the combination of all of the transceivers or may refer to an individual transceiver. The point where a TXU or a RXU connects with the RDN is equivalent to an “antenna connector” of a non-AAS BS when it is defined as conducted requirement reference point.
NOTE 1:
The RDN may consist of a simple one to one mapping between the TXU(s)/RXU(s) and the passive AA. In this case, the RDN would be a logical entity but not necessarily a physical entity.

NOTE 2:
The AA includes various implementations and configurations e.g. element factor, polarization, element separation,  etc.

NOTE 3:
The physical location of the TXRUA, the RDN, and the AA may differ from this logical representation and is implementation dependent.
NOTE 4:
No specific mapping between TXU/RXU and AEs is assumed. Further the number of separate receiver and transmitter units as well as the mapping in the RDN between transceivers and  REs can differ between the transmit and receive directions. The AAS reference architecture allows for full asymmetry between receive path and transmit path.
NOTE 5:
For AAS BS capable of supporting applications employing beam-forming, all or subgroups of transceivers can be configured with designated amplitude and phase weights such that one or more beams are radiated from the AA.
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Figure 4.3-1: General AAS Radio Architecture

A BS with AAS, with general radio architecture as shown in Figure 4.3-1, is generic to all types of AAS structures including diversity, beam-forming, spatial multiplexing, or any combination of the three.
Figure 4.3-1 shows a parameterized block diagram where Nap is the number of antenna ports exposed by baseband, Ntrx is the number of transceivers in the TXRUA and Nae is the number of AEs in the AA. The value of Nap, Ntrx and Nae is determined by a specific AAS BS implementation. 

[The end of text proposal]
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