- 5 -

5D/TEMP/251-E


	Radiocommunication Study Groups
	[image: image1.png]




	16th Meeting of Working Party 5D
Sapporo, Japan, 10-17 July 2013
	

	
	

	Source:
Document 5D/TEMP/251
	

	
	16 July 2013

	
	English only

	SWG Radio Aspects

	WORKING DOCUMENT TOWARDS A Preliminary DRAFT 
NEW REPORT ITU-R M.[IMT.ANTENNA]

	Passive and active antenna systems for base stations of IMT systems


1
Introduction

[NOTE - This section gives a brief introduction of IMT systems and introduces Question 251/5.]

2
Scope

[NOTE - This section provides the scope of the document. It should in particular be clarified that this report addresses either active antenna systems or passive antenna systems but not mixed systems.]

3
Related documents

Recommendation ITU-R M.1457 – Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications-2000 (IMT-2000).

Recommendation ITU-R M.2012 – Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications Advanced (IMT-Advanced).

Report ITU-R M.2040 – Adaptive antennas concepts and key technical aspects.
4
Technical and operational aspects of passive antenna systems for base stations of IMT systems

4.1
Definitions of passive antenna systems and associated components and terminology
4.2
Definitions for common performance parameters and tolerances
[Antenna gain, horizontal and vertical beam width, front to back ratio, the radiation efficiency, electric tilt and XPR (Cross-polarization ratio) are basically according with existing antenna standard. Definition of pattern efficiency and radiation efficiency is relative to the three-dimensional holographic pattern measurement technology. It is necessary to make universal definition to these existing parameters and what is more important, is to give suggested values to these parameters to provide guidance for antenna manufacturing and researching. This is very important for both operators and vendors.]
4.3
Guidelines on performance parameters and tolerances
4.4
Consideration of advanced concepts (e.g. remote control of pattern and tilt)
[The remote control of the pattern is divided into two aspects: horizontal and vertical, the idea of 
the remote control is proposed for ambition of adaptive coverage]

5
Technical and operational aspects of active antenna systems for base stations of IMT systems 

5.1
Definitions of active antenna systems and associated components and terminology
5.1.1
Reference radio architecture

An active antenna implementation in a base station incorporates many different forms of smart antenna implementation, such as beam  forming and/or MIMO with spatial multiplexing. An active antenna implementation is differentiated from transmit diversity systems in that the propagation patterns from its antenna elements are at least partially correlated such that spatial beam forming patterns may be generated. To characterize an active base station antenna that is inclusive of all possible implementations, adoption of a reference architecture is needed to serve as a common baseline.
The radio architecture is represented by three main functional blocks, the Transceiver Unit Array (TXRUA), the Radio Distribution Network, (RDN), and the Antenna Array (AA). The Transceiver Units (TXRU) interface with the base band processing within the base station,, which depending on implementation may also influence the radiated beam pattern.
The Transceiver Unit Array consists of multiple Transmitter Units (TXU) and Receiver Units (RXU). The Transmitter Units take the baseband input from the Base Station and provides the RF TX outputs. The RF TX outputs may be distributed to the Antenna Array via a Radio Distribution Network. The Receiver Units take the RF inputs from the antenna elements to which they are mapped and provide input to the baseband processing. The Radio Distribution Network, if present, performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements, and a distribution of RX inputs from antenna paths in the reverse direction. Note that the groups antenna elements involved in the TX and RX directions may be the same for each direction, may be partially the same or may differ.
Figure 1 describes a general radio architecture that is generic to all types of active antenna system  structures. 
Figure 1

General radio architecture
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5.2
Definitions for common performance parameters and tolerances.

[Besides traditional passive antenna parameters, definition of the following performance parameters is considerable:

1)
power adjustment range, i.e. antenna radiated power adjustment range;
2)
maximum allowable input level, i.e. maximum input signal level that can maintain the antenna performance and will not damage antenna;
3)
input dynamic range;
4) 
spurious emission of integrated transmitter;
5)
adjacent channel interference of integrated transmitter;
6)
ripple in band of integrated PA;
7)
the noise figure;
8)
antenna pattern for receiving;
9)
antenna pattern for transmitting;
10)
directivity;
11)
beam efficiency;
12)
radiation efficiency;
13)
the total power of the antenna, i.e. .The total electrical power consumption by antenna;
14)
effective Isotropic Radiated Power (EIRP);

15)
effective Isotropic Reference Sensitivity (EIRS);
16)
polarization related parameters, e.g., XPR(Cross-polarization ratio) and so on.]
5.3
Performance parameters and tolerances
5.4
Consideration of advanced concepts (e.g. remote control of pattern and tilt, 
3D-beamforming and massive MIMO)
[In active antenna, radiation element is integrated with RF module; this structure can improve the power efficiency of base station RF PA. Optical transmission for RF carrier and digital signals is already mature, which can be transplanted to the active antenna technology. The future key technology is for miniaturization of remote device and integration of multi-system. 
3D-beamforming, user specific beam forming and massive MIMO attracts significant interest recently because it can enhance system performance through the use of antenna systems having a two-dimensional array structure providing adaptive weighting factor control over elevation dimension and azimuth dimension. Since by now there is only mature 2D channel model, e.g., 
ITU-R M.2135, a new channel model which can model both vertical and horizontal dimension is needed to evaluate the gain of 3D-beamforming and massive MIMO.]
5.4.1
Tilt and radiation pattern control

Antennas are usually manufactured with a fixed beam width, and antenna manufacturers typically offer a limited number of beam width variations within their conventional product lines. Conventional BS installations often introduce physical tilt to the antenna in order to orient the main lobe of the antenna response towards the ground. Antenna tilt is selected to optimize desired cell coverage and to minimize interference to and from adjacent cells. Some installations employ Remote Electrical Tilt (RET) devices which allow mechanical adjustment of the phase shift so that the antenna tilt angle is remotely controlled.
An AAS may dynamically control the elevation and azimuth angles, as well as the beam width of its radiation pattern via electronic means. Electronic control may be used along with mechanical means.  The AAS radiation pattern may be adapted to the specific deployment scenario and possibly to changing traffic patterns. The AAS radiation pattern may also be independently optimized for different links such as independently for uplink and downlink, for coverage and beam forming gain purposes.

5.4.1.1
Cell partitioning in the horizontal and vertical plane

The concepts of tilt and beam width control can be extended by a technique known as cell partitioning in which the cell is subdivided in vertical or horizontal directions by adjustment of the antenna pattern. For example one cell partition is located close to the BS and the other cell partition is located farther away from the BS.
5.4.2
Multiple input multiple output (MIMO)

MIMO is a general term that includes the various spatial processing techniques: beam forming, diversity, and spatial multiplexing. Brief description of each is provided below. 

–
beam forming: The use of dedicated beam formed towards the UE when the data demodulation based on dedicated reference signal is supported by the UE;
–
diversity: The use of diversity techniques to jointly optimize in the spatial and frequency domain through the use of, for example, spatial-frequency block code (SFBC) or frequency switching transmit diversity (FSTD), or combinations of them;
–
spatial multiplexing: The transmission of multiple signal streams to one (SU-MIMO) or more (MU-MIMO) users using multiple spatial layers created by combinations of 
the available antennas.
5.4.3
Differentiated antenna behaviours at different carrier frequencies

AAS supports the use a different number of antennas at different carrier frequencies and for different RATs. For example the AAS may create 4 virtual antennas for an LTE carrier and 2 antennas for a GSM or HSPA carrier.
5.4.4
Per resource block (or user equipment) transmission and reception

In this case each user equipment (UE) may get its own beam that tracks the movement of the UE.

The support for spatial multiplexing, beam forming and transmit diversity includes the ability to schedule transmission and reception to one UE within one resource block. This allows beam forming to individual UEs with adaptation to mobility, as an example.
6
Conclusions

[NOTE - The conclusions will be provided in this part of the Report.]
______________
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Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.


