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1.
Introduction

The discussion on antenna arrays was initiated at RAN4 in Barcelona [1] and was also continued at the TSG RAN plenary in Bratislava.
In this paper, the challenges of setting RF requirements for active antennas and antenna arrays are discussed and some further considerations are made. Due to the complexity of the antenna array issue, we encourage RAN4 to continue the discussions to get a clear view of the present situation. The objective of a possible work item should cover relevant approaches to the problem and aim at a well defined support for antenna arrays in RAN4 specifications.
2.
Discussion
The RAN4 specifications address the antennas arrays in the conformance specification for UTRA, E-UTRA and MSR. It should be noted that the antenna array chapter that was initially incorporated into UTRA conformance specification (Rel-99) was inherited from GSM and was not thoroughly discussed nor analyzed. It has remained unchanged since that time.  
The antenna array chapter for UTRA (E-UTRA and MSR conformance specs have very similar content) is as follows: 

4.6.5
BS using antenna arrays

A BS may be configured with a multiple antenna port connection for some or all of its transceivers or with an antenna array related to one cell (not one array per transceiver). This subclause applies to a BS which meets at least one of the following conditions:

-
the transmitter output signals from one or more transceiver appear at more than one antenna port; or

-
there is more than one receiver antenna port for a transceiver or per cell and an input signal is required at more than one port for the correct operation of the receiver thus the outputs from the transmitters as well as the inputs to the receivers are directly connected to several antennas (known as "aircombining"); or

-
transmitters and receivers are connected via duplexers to more than one antenna.

In case of diversity or MIMO, multiple antennas are not considered as an antenna array. If a BS is used, in normal operation, in conjunction with an antenna system which contains filters or active elements which are necessary to meet the UTRA requirements, the conformance tests may be performed on a system comprising the BS together with these elements, supplied separately for the purposes of testing. In this case, it must be demonstrated that the performance of the configuration under test is representative of the system in normal operation, and the conformance assessment is only applicable when the BS is used with the antenna system.

For conformance testing of such a BS, the following procedure may be used.

4.6.5.1
Receiver tests

For each test, the test signals applied to the receiver antenna connectors shall be such that the sum of the powers of the signals applied equals the power of the test signal(s) specified in the test.

An example of a suitable test configuration is shown in figure 4.1.


Figure 4.1: Receiver test set-up

For spurious emissions from the receiver antenna connector, the test may be performed separately for each receiver antenna connector.

4.6.5.2
Transmitter tests

For each test, the test signals applied to the transmitter antenna connectors (Pi) shall be such that the sum of the powers of the signals applied equals the power of the test signal(s) (Ps) specified in the test. This may be assessed by separately measuring the signals emitted by each antenna connector and summing the results, or by combining the signals and performing a single measurement. The characteristics (e.g. amplitude and phase) of the combining network should be such that the power of the combined signal is maximised.

An example of a suitable test configuration is shown in figure 4.2.
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Figure 4.2: Transmitter test set-up

For Intermodulation attenuation, the test may be performed separately for each transmitter antenna connector.

Basically, the conformance specification applied to antenna arrays mandates summation of Tx signals and usage of splitting/combining network for Rx signals, regardless of the requirement and requirement type. The existing text for antenna arrays does not consider any impact from or interaction with the radiating element(s). In addition, it does not cover the possibility for integrated antenna elements. The use of antenna arrays for accommodating MIMO/ spatial multiplexing, or a combination of such techniques with beam-forming, has not been investigated either in terms of RF requirements.

An active antenna/antenna array may consist of several elements as exemplified in figure 1.
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Figure 1
Example of active antenna /antenna arrays and elements
Note that depending on the number of elements and their configuration, and due to the difference between an element’s beam pattern and the composite antenna beam pattern, different air interface and performance characteristics are obtained. RAN4 thus needs to consider and develop a suitable approach to address the variety of characteristics, in terms of application of RF requirements for Tx and Rx and the related testing challenges.
Active antennas and antenna arrays is a quite complex area, with a range aspects that need to be considered for defining proper requirements for antenna arrays. Some important considerations are outlined below.
2.1 Possible requirement approaches
There are various approaches to defining requirements for active antennas/antenna arrays. One possible approach would be to define a virtual reference point where all requirements are set, to ensure that the base-line performance is met at that point. In this case, all requirements would need to be re-visited and possibly updated. Each set of requirement in this case would be dependent on the configuration and deployment scenario that the case covers.

Another approach could be to apply a modular approach where proper requirements are set for a module (containing one or more antenna elements) that can be put together to form active antennas and/or antenna arrays. The module characteristics should consider different possible applications such as MIMO/spatial multiplexing, beam-forming or the combination of MIMO and beam-forming.

There may be various other approaches, but regardless of the chosen approach, the complexity will be quite large to set proper requirements. Since the chosen approach will require extensive studies to ensure its feasibility, it is crucial that RAN4 consider different possible approaches and thoroughly discuss the related pros and cons. 
2.2 Complex requirement handling
In parallel, it is essential to assess every single RF requirement to ensure that performance and integrity of the networks are maintained when deploying antenna arrays. In [1], the implication of using the simplistic approach in the existing conformance specifications for antenna arrays for one example receiver requirement (in-band blocking) is demonstrated, concluding that present text is not sufficient. The same conclusion would most likely apply to large set of other requirements both for receiver and transmitter. The complexity of studying one example requirement is also demonstrated in [1].
2.3 Single RAT or MSR

The antenna array specification can be evaluated and implemented either in both single RAT specifications and MSR or only in MSR specifications. The MSR specification has full support for operating the MSR BS equipment as a single RAT BS, due to the “capability set” concept and the broad requirement coverage. With this capability of MSR BS to operate in single RAT mode and given the high workload situation in RAN4, we propose to only include a new antenna array specification in the MSR specification.
This approach will avoid unnecessary double work and will also give a structure with the possibility to later include GSM/EDGE.
2.4 Testing strategy

Current conformance requirements in RAN4 specifications are applicable per antenna connector. With active antenna/antenna arrays, there is a need to re-visit the testing strategies. In addition, there is a need to address the testing aspect using antenna arrays in case of integrated antennas. The testing strategies are thus highly dependent on the chosen approach e.g. virtual reference point, modular or any other. Given the complexity of previous and ongoing OTA work items, covering only a very limited set of test requirements, we believe that the feasibility of OTA testing for active antenna/antenna arrays involving essentially all RF requirements must be carefully investigated, taking the experience from previous OTA work into account.
2.5 Regulatory aspects

There are ongoing discussions within some regulatory bodies with respect to devices with multiple transmitter antenna ports. Given the nature of active antennas/antenna arrays, one of the most challenging aspects for such equipment will be the regulatory aspects. RAN4 must consider possible regulatory implications when studying and defining requirements for antenna arrays. There may be a need to discuss with various regulatory bodies in parallel with a work item, to ensure that the regulatory aspects are included in the specification for antenna arrays. 
3.
Summary
In this paper, we briefly elaborate on some considerations for developing requirements for active antennas/antenna arrays. We believe that the RAN4 specifications currently do not have sufficient support for antenna arrays and there is consequently a need to develop proper requirements. We also promote developing RAN4 requirements for antenna arrays using the MSR requirements as a base-line. Quite many complex areas of work are foreseen that need to be further elaborated and discussed before specification work can start. We thus encourage RAN4 to continue the discussions to conclude on a clear objective and framework for a work item on active antennas/antenna arrays.
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