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1.
Introduction
At RAN4#70 in Prague a text proposal with the AAS reference architecture was included to the WI TR. The current version of the block diagram is re-used from SI TR 37.840 [1]. 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 together with a block called Antenna Port Mapping. In the discussion it was noticed that a clear differentiation between number of Antenna Ports, 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 defined in 3GPP. 
To clearly describe the relation between antenna ports and antenna connectors a new block is introduced. This block is called Antenna Port Mapping (APM) and is placed between the baseband block and the transceiver array.
At RAN4#67 in Fukuoka a contribution [3] with inclusion of cell-specific beam-forming was included in the reference architecture. At the time this contribution was very controversial. However it is now very clear that we need to have a clear terminology and reference architecture when we are preceding the work defining new RF core requirements for radiated characteristics.

This contribution presents a text proposal with additions for the reference architecture in section 4.3 of TR 37.cde version 1.0. 
2.
Discussion
According to last draft version of the WI TR a note was added in section 4.3 capturing the fact that cell-specific beam forming can occur outside the RDN and before transceiver array.
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 antenna array.
The E-UTRA standard defines antenna ports for the downlink. An antenna port is generally used as a generic term for signal transmissions under identical channel state. For each operating mode in the downlink direction for which an independent channel is assumed, a separate logical antenna port is defined. LTE symbols that are transmitted via identical antenna ports are subjected to the same channel conditions. In order to determine the characteristic channel for an antenna port, a UE must carry out separate channel estimation for each antenna port. Separate reference signals that are suitable for estimating the respective channel is defined for each antenna port. The way in which these logical antenna ports are assigned to the physical transmit antennas of a base station is determined by the implementation. 

A definition of Antenna Port can be found in 36.211, section 6.2.1 [2].

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per antenna port.

Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, and average delay. 

The definition is very vague and is only related to channel properties. 
In RAN1 specifications [3] concept of logical antenna ports are defined. Each antenna port carries a reference signal. In Table 2.1 all currently defined antenna port are listed.  
Table 2.1: Antenna ports

	Antenna Ports
	Downlink Reference Signals (RS)
	Release

	0-3
	Cell-Specific RS (CRS)
	8

	4
	MBSFN-RS
	8

	5
	UE-Specific RS for Single-layer beam forming (TM7)
	8

	6
	Positioning RS
	9

	7-8
	UE-Specific RS for Dual-layer beam forming (TM8)
	9

	9-14
	UE-Specific RS for Multi-layer beam forming (TM9)
	10

	15-22
	Channel State Information (CSI-RS)
	10


The signals at each antenna ports are not always identical to the RF equivalent signal found at the antenna connectors at the transceiver array. A special case is where only two antenna ports are used and one-to-one mapping is used. When 4 antenna connectors are supported by the base station, beam-forming can be achieved in the antenna port mapping block. Also, it may not always be the case that one-to-one mapping is used; a transparent additional pre-coding (VAM) could additionally be applied, for UTRA.
Figure 2.1 shows a block diagram where antenna port mapping is included. Different colours are used to visualize where different types of beam-forming are managed. The UE-specific beam-forming is handled by DL baseband processing, while cell-specific beam-forming is spread out between antenna port mapping, RDN and antenna array. The beam-forming done in the antenna array is limited to beam characteristics of individual antenna elements, such as element gain, vertical and horizontal beam-width.

For an E-UTRA system with 4 or more antenna connectors the radiation pattern for an individual antenna port can be beam-formed for optimal sector coverage. If beam-forming is deploying in the antenna port mapping block a consequence is that the total power generated by the transmitter array will be shared between the supported beams.


[image: image1]
Figure 2.1: DL Block diagram
 Worth mention is that for UTRA, so called VAM can be applied (i.e. a transparent additional pre-coding that maps all signals to all antennas), and thus although antenna ports are not specifically defined for UTRA, a similar architecture can be assumed. 

From figure 2.1 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.
3.
Conclusion

Digital beam-forming is a vital component of an AAS BS. The complexity will change from a single one-to-one mapping of Antenna Ports feeding the transmitters, to a more complex function where all cell-specific beam-forming is applied with the DBF block.
It is therefore suggested to include a new block in the reference architecture in figure 4.3-1, section 4.3 of AAS WI TR. 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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 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 K is the number of antenna ports, L is the number of transceivers in the transceiver array and M is the number of antenna elements in the antenna array. The value of K, L and M is determined by a specific AAS BS implementation. 

[The end of text proposal]
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