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1 Introduction

Progress has been made in the general area of setting an EIRP accuracy requirement, such that for the core part the main outstanding issue is the accuracy value itself.
The core requirement is stated in terms of an EIRP accuracy requirement on declared beams within a declared steering range. For the conformance part, more detail is needed on the basis on which beams are declared and the parameters that are associated with beams. This paper outlines some initial observations on beam declaration and some associated considerations on whether beams should be tested individually or in groups. The intention of the paper is not to agree on any proposals, but rather to highlight issues that need further consideration by the group.
2 Discussion

During the discussions on emissions, an entity termed AAS-ETAC was defined:
For E-UTRA a AAS-ETAC is defined such that the channel over which a symbol on the AAS-ETAC is conveyed can be inferred from the channel over which another symbol on the same AAS-ETAC is conveyed.
An AAS-ETAC is very similar to a RAN1 Antenna Port. After the discussion on emissions concluded, it has transpired that the AAS-ETAC definition is no longer needed in the core specification. However, before forgetting the definition entirely it is useful to remember it for a while whilst discussing beam declaration in the conformance phase. In this document, the concept of AAS-ETAC is retained in order to establish some basic principles on beam declaration. In the end, it may well also be possible to avoid use of the term AAS-ETAC in conformance specifications too; however for the purposes of the current discussion it is a useful term.
In principle, beams could be declared arbitrarily. However it would not make sense to declare beams based on configurations that use groups of transmitters that are not used by the basestation in any operational mode. Any signal that is receivable by a UE will be characterized by the presence of reference symbols, and will correspond to an AAS-ETAC. Thus it makes sense for beams to be declared that relate to AAS-ETACs (in the sense of using the same transmitter groups as used by AAS-ETACs. There is no need to refer transmitter groups within OTA requirements, but beams that are declared should implicitly use the same transmitter groups)
Observation 1: AAS-ETACs can be used as a basis for declaring beams (A declared beam carries an AAS-ETAC using the same BS settings as used for transmitting the AAS-ETAC in real operation)
For the conformance test relating to the conducted power requirement in 36.141, a test model ETM1.1 is specified. 36.141 is based on testing of a signle radio and thus ETM1.1 is based on transmitting a single antenna port only. Since the radiated transmit power requirement will apply to groups of radios transmitting AAS-ETAC, the set of supported AAS-ETAC needs to be declared. The declaration could take the form of declaring supported Transmission Modes and RAN1 Antenna Ports.

As discussed later in this document, testing may be performed one beam at a time, or with multiple beams active. For testing multiple beams simultaneously, the test model may need to be extended to a set of test models, with a test model for each AAS-ETAC. Since an AAS-ETAC is the same as what is known in RAN1 as an antenna port, then in effect a test model could  be produced for each TM and each Antenna Port defined in the RAN1 specifications. However if beams are tested one by one, it may be sufficient to include a single test model with a CRS and a test model with a DM-RS. Each test model would be re-usable for different AAS-ETAC.
Observation 2: Supported TM and RAN1 antenna ports need to be declared. Depending on how testing is performed, MIMO test models may or may not be needed.
A beam is characterized by a beamwidth. Different applications may transmit the same AAS-ETAC with different beamwidths. For example, an AAS-ETAC characterized by a CRS may be transmitted with a 120 degree wide beam or less than 120 degree wide beam, depending on intended cell coverage. A full characterization of a beam should include both the identity of the AAS-ETAC and the intended beamwidth.

Observation 3: A full characterization of a beam should include both the identity of the intended AAS-ETAC and the beamwidth. Different beamwidths for the same AAS-ETAC correspond to different beams.

It is important to note in passing that declaring a beam with a different beamwidth is different to the beamwidth of a beam changing due to steering the beam. Two beams are different when they have different beamwidths to each other over a defined range of steering angles.

It may be that there are a large amount of possibilities for setting the beamwidth of an AAS-ETAC, or even a continuous range of possibilities for setting the beamwidth. It would be unmanageable to declare and test all possible beamwidths. Instead, only the “extremes” of beamwidth setting should be declared. What is meant by “extremes” should be considered further.

Observation 4: It should not be necessary to declare a new beamwidth setting for every possible achievable beamwidth for an AAS-ETAC; only for the “extreme(s)” of beamwidth

The use of the term AAS-ETAC can be avoided in conformance specification text if instead a declaration is made of which TM and Antenna ports configurations are supported by the AAS BS together with the beamwidths supported by each RAN1 Antenna port/test model.

Observation 5: Explicit reference to the term AAS-ETAC can be avoided by referring to which MIMO configurations are supported and which beamwidths are applicable for each AAS-ETAC/RAN1 antenna port.
The current test model includes common channels such as PDCCH and the broadcast channel. For realistic testing, AAS test models should retain these channels. This means that the TM consists of two components; the PDCCH & common channels, and the PDSCH. An AAS-ETAC is conveyed over PDSCH. However, there exists a significant consideration as to how beamforming should be applied to the PDCCH and common channels. The beamforming applied to these channels may differ from the PDSCH (For example, the PDSCH may be transmitted using DM-RS TM9 and the PDCCH using cell wide CRS). Two options are available:

· Transmit the PDCCH and common channels with the same beamforming as the AAS-ETAC

· This option is more straightforward as it enables EIRP to be measured by means of a simple power measurement. However it is not realistic for some types of TM (e.g. TM9, in which the AAS-ETAC may have a different beamwidth and a different steering range to the PDCCH).
· Transmit the PDCCH and common channels with different beamforming to the AAS-ETAC

· This option is more realistic. However the EIRP measurement will be more complex, as the test equipment will need to isolate and measure PDSCH symbols only. Greater test uncertainty may be incurred.

The achieved beamwidth and power for the PDCCH and common channels is also a relevant part of BS behavior. Therefore consideration should be given as to whether the beam for PDCCH and the common channels should also be declared and considered as a beam.

Observation 6: Consideration is needed as to how to transmit and measure the PDCCH and PDSCH parts of the TM.
Observation 7: It could also be useful to declare the PDCCH beam (and the beam used for common channels) along with associated beamwidth, EIRP etc.

AAS-ETACs may be transmitted from the same or different groups of transmitters. An example is shown below in figure 1. In the left hand side of the figure, 4 AAS-ETACs are transmitted based on CRS; one AAS-ETAC is transmitted per polarization and column. In the right hand side of figure 4, 2 AAS-ETACS are transmitted as DM-RS. Two AAS-ETACs are transmitted on polarization 1 from both columns and the other 2 AAS-ETACs on polarization 2 from both columns.
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Figure 1 Two examples of AAS-ETAC mapping
When two or more AAS-ETACs are transmitted from the same group of transmitters with the same beamwidth, then in RF terms there is little difference between the AAS-ETACs. In this case the AAS-ETACs should be declared to be equivalent. Some consideration is needed as to whether these groups of AAS-ETACs should be tested in groups or a representative AAS-ETAC from the group tested individually (with PAs at full power); this is discussed later in this document.
Observation 8: AAS-ETACs transmitter from the same groups of transmitters with the same beamwidth should be declared as equivalent. (No need to declare transceiver groups; just that beams are equivalent)
There may also be some scope for declaring AAS-ETACs transmitted from different transmitter groups as equivalent; however the circumstances under which this could be done may be complex as they would depend on the nature of the array and transmitters. Further investigation is needed into the circumstances for equivalence in these cases.

For AAS-ETACs that are transmitted from the same groups of transceivers, there could be three possibilities for testing:

1. Transmit a single representative AAS-ETAC, ensuring that the PAs in the group are all transmitting at maximum power, and measure the EIRP using a power meter

2. Transmit all AAS-ETACs (with all PAs at maximum power) and measure the EIRP (on the appropriate REs) using a power meter

3. Transmit all AAS-ETACs (with all PAs at maximum power) and measure the power per AAS-ETAC.

4. Transmit a single AAS-ETAC at it’s declared maximum power, which might not be the full available power from the PAs and measure the EIRP.

The difference between options (1) and (2) and option (3) is that option (3) will need the test equipment to differentiate between AAS-ETACs by means of e.g. demodulating reference symbols. This will likely add somewhat to the test complexity, test time and uncertainty.

The difference between option (1) and (2) is in what is perceived as “maximum configurable EIRP”. Option (1) implies that maximum configurable EIRP for an AAS-ETAC occurs when that AAS-ETAC is configured with all available power and other AAS-ETACs cannot transmit. Option (2) implies that maximum configurable power per AAS-ETAC is based on some kind of split in power (e.g. equal power per AAS-ETAC). However option (2) has problems in case the sum of the maximum configurable powers on each AAS-ETAC would exceed the available power (which would be an acceptable possibility; it would imply that all AAS-ETAC cannot be configured to maximum power simultaneously).
Option (4) is not desirable since EIRP testing should follow the principle of other RF tests and be applied with radios operating at maximum capability; i.e. full power.

Option (2) does not allow for measuring power per AAS-ETAC individually.

Our initial opinion is that options (1) is preferable; a single AAS-ETAC is transmitted with radios operating at maximum power and EIRP is tested. The declared maximum power is the maximum power available for any individual AAS-ETAC in the group and for the power sum when multiple AAS-ETACs are configured simultaneously. It should be very clear in the declaration which AAS-ETACs share transceivers and which do not; clearly AAS-ETACs that share transceivers cannot be transmitted simultaneously at maximum power. However for testing purposes, a single AAS-ETAC transmitted at maximum power is sufficient for RF testing of the radios and array.

Observation 9: For groups of AAS-ETAC that are transmitted using the same transceivers, testing of a single AAS-ETAC transmitted with maximum available radiated power seems sufficient.

Observation 10: It is necessary to declare which AAS-ETACs must share TX power and which ones do not share TX power.
It is in theory conceivable that an array may be developed in which there are several different configurations of AAS-ETACs and each configuration maps to different groups of transmitters. If the amount of configurations is large, this might impact the amount of testing. Consideration should be given as to how to sensibly scope test complexity. Of course, in general creating different types of beam with different effective array structures is in any case something that will increase the need for testing.

3 Conclusion

This paper has presented some initial considerations about the basis on which beams should be declared for AAS. Beams may be declared based on AAS-ETACs in order that they are implicitly testing transmitter groups that are used in real operation, although consideration also needs to be given to the beamwidths. Further consideration is needed on how grouping of transmitters impacts the test strategy.
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