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1 Introduction
Updates to the approved texts are needed for the following reason:
1) Some wording doesn’t strictly follow the 3GPP guideline for TR drafting.

2) Some terms are missed.

3) Some abbreviations shall be added.

4) Minor English improvement.

5) The application part needs revision. The description of “beamforming”, “spatial multiplexing”, and “diversity” shall be clarified further. 
The proposed changes are based on TR37.840 ver 0.2.0. 
It’s suggested to approve the proposed changes for better TR quality.

<Start of text proposals>
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Antenna System: a BS system which combines an Antenna Array with an Active Transceiver Unit Array. An AAS may include a Radio Distribution Network. 
Array Element: a subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern.

Antenna Array: a group of antenna elements characterized by the geometry and the properties of the array elements. The geometry of the array elements can be either linear or non-linear to meet the system requirements. 
Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.
NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 
Radiating Element: the basic building block of an array element characterized by its radiation properties.

Radiation Pattern: the angular distribution of the radiated electromagnetic field in the far field region.
Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals. 
Transceiver Unit Array: an array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction.
Cell Partitioning: one sector in standard deployments is divided into multi sub-sectors in vertical or horizontal plane
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<Text to be added> 
<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AAS
Active Antenna System
AA
Antenna Array
AE
Array Element
ECC
Electronics Communications Committee
FCC
Federal Communications Commission
ITU
International Telecommunications Union
RDN
Radio Distribution Network
RR


Radio Regulations
RXU


Receiver Unit
TXRU


Transceiver Unit

TXRUA


Transceiver Unit Array
TXU


Transmitter Unit
WRC
World Radio Communication Conference
MIC
Ministry of Internal Affairs and Communications
4
General

The Active Antenna System (AAS) within this document refers to a Base Station equipped with an antenna array system, the radiation pattern of which may be dynamically adjustable. The main purpose of this document is to study the characteristics and minimum requirements of the AAS transmitter and receiver system considering the impacts from antenna array. 

This sub-clause captures the SI objectives and establishes the reference structure as well as the methodologies to achieve the SI objectives. 
4.1
SI objectives 

4.1.1
The objectives

The AAS introduces alternative antenna system from the one installed in the conventional Base Station.The interactions between the antenna array system and the transmitters and receivers within the AAS might be different from the convention BS and the convention antenna system. The impacts of the transmitted or received radio signals on the transmitter and receivers shall be studied. 
To investigate the AAS BS, a Study Item [2] was approved in RAN plenary #53. The objectives proposed in the SID are quoted below:

This is the study item to investigate the RF and EMC requirements for an AAS BS based on macro-cell deployment scenarios for both TDD and FDD. The study will cover single-RAT UTRA and E-UTRA, as well as multi-RAT base stations. The study item particularly covers the following two main aspects:
· Feasibility of defining AAS BS requirements based on the commonality of different architecture and  implementations:
· Develop/define relevant terminology associated with AAS BS to ensure common understanding.
· Determine the appropriate approaches for standardization, specification implementation and test methodologies
· Study the following aspects
· Transmitter and receiver characteristics and their impact on system performance and co-existence. 
· The core RF and/or EMC requirements for the transmitter and receiver.
· Regulatory aspects related to multiple antenna transmission and the impact on AAS BS.
· Feasibility of OTA tests.

Based on the outcome of the above studies, the following specification-related work will be identified pending approval of the related Work Item:

1. The RF and/or EMC requirements for AAS BS transmitters and receivers.
2. The methodologies for specification implementation of all the necessary changes. 
In summary, the objectives of this Study Item are to study the characteristics of the AAS transmitters and receivers, and investigate the impacts on the coexistence performance with other systems based on un-coordinated deployment scenarios.
4.1.2
Methodologies
The methodologies employed to determine the minimum requirements for AAS are similar to the methodologies used for determining those requirements for previously considered systems. These methodologies as documented in TR25.942 [18] and TR 36.942 [19] which provides assumptions for typical deployment conditions can be used as baseline.

4.2
Structure of AAS BS

An abstract logical representation of the AAS radio architecture is described in this section. 
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 baseband processing within the eNode B.
The Transceiver Unit Array consists of multiple Transmitter Units (TXU) and Receiver Units. The Transmitter Unit takes 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 Unit (RXU) performs the reverse of the Transmitter Unit operations. 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 1: The RDN may consist of a simple one to one mapping between the TXU(s)/RXU(s) and the passive Antenna Array. In this case, the RDN would be a logical entity but not necessarily a physical entity.
NOTE 2: The Antenna Array includes various implementations and configurations e.g. polarization, spatial separations etc.
NOTE 3: The physical location of the Transceiver Unit Array, the Radio Distribution Network, and the Antenna Array may differ from this logical representation and is implementation dependent.

[image: image1]
Figure 4.2-1: General AAS Radio Architecture

A BS with AAS, with general radio architecture as shown in Figure 4.2-1, is generic to all types of AAS structures including diversity, beamforming, spatial multiplexing, or any combination of the three.
<Unchanged clauses omitted, next section>

5
Study of AAS deployment scenarios

<Text to be added>

5.1
AAS applications 

Examples of AAS applications are provided in this section. 

5.1.1
Tilt and radiation pattern control

Legacy antennas are usually manufactured with a limited number of different radiation patterns. AAS can control the tilt and the radiation pattern with a much better resolution and network performance can be maximized if the radiation pattern and the down tilt can be adaptive to the specific deployment scenario as well as the changing traffic patterns. 
The concepts of tilt and radiation pattern 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 radiation pattern and/or tilt. 

5.1.2
Multiple input multiple output (MIMO)
MIMO is a general terminology that includes the various spatial processing techniques to explore gains due to the correlated and un-correlated transmission. The radio signals in the MIMO system, when transmitted in the wireless propagation channel, always contain the correlated and uncorrelated components. The correlated components can be explored by reinforcing the transmission in certain direction so that the transmitted radio energy can be focused on the targeted receivers. The uncorrelated components can be explored for transmission of multiple data streams to a targeted receiver.
Vertical MIMO is the unique technique that an AAS BS can offer than legacy BS.
Generally speaking, Beamforming, Diversity, and Spatial Multiplexing can be one example of MIMO technique classification. Brief description of each is provided below. 

· Beamforming: The transmissions from multiple radiation elements are reinforced in certain direction for improved coverage of one or a group of UEs. For UE dedicated beam forming, the data demodulation is based on dedicated reference signals formed toward the UE. 
· Diversity: The use of diversity techniques to jointly optimize in the spatial and/or 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 user using multiple spatial layers created by combinations of the available antennas;
NOTE: The MU-MIMO in E-UTRA system can be considered as the combination of UE dedicated beamforming with or without spatial multiplexing.
5.1.3
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.
5.1.4
Per RB (or UE) Transmission and Reception 

In this case each UE/RB may get its own beam that tracks the movement of the UE.

The current specification supports for Spatial Multilexing, Beamforming and Transmit Diversity includes the ability to scehedule transmission and reception to one UE within one Resource Block. This allows beamforming to individual UEs with adaptation to mobility, as an example.
References
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