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Introduction

The OTA transmit power requirement is based on declaration of beams and some characteristics of beams. The conformance specification needs to capture details of what needs to be declared. It is important that the conformance specification description is sufficient that different vendors can understand what is to be declared and that the interpretation can be made in a common way. The following needs to be achieved:

· A sufficiently clear description of the minimum declaration that there is no risk of confusion as to whether compliance is achieved or not.
· A declaration which ensures that the declared beams relate to real operation of the AAS BS.
· A declaration that achieves sufficient test coverage of the requirement but is not excessively complex and would not demand excessive test time.
During RAN4#77, a first discussion took place on some basic principles for beam declaration for the OTA TX power requirement. The declaration of beams needs to relate to the transceiver groups and beam patterns used by the basestation during real operation. It is quite possible that some beams are transmitted by separate groups of transceivers and thus are independent. On the other hand, other beams may be generated from the same group of transceivers and are clearly not independent. Furthermore, an AAS may be capable of transmitting different types of beams, some of which are transmitted from subgroups of transceivers and some of which are transmitter from all transceivers.

Apart from ensuring that beams relate to actual operational modes, it is also important that practical considerations relating to compliance testing are taken into account. The test coverage should be reasonable and strike a good balance between capturing properly different combinations of transmitter groups, steering and beamwidth that can be generated by a basestation and not requiring an unworkably large amount of declaration and testing. Furthermore, the conformance test should be able to be performed with a reasonable measurement chamber setup and using testgear similar to today.
Considering feedback from RAN4#77, this paper outlines some further considerations and proposals on beam declaration principles.

Beam declaration principles

Relationship between beams and MIMO functionality
During previous discussions, the possibility of linking the declaration of beams with (as previously defined) AAS-ETACs was discussed. AAS-ETACs are in effect the same as RAN1 antenna ports, and thus a declaration of possible mappings and beam forming characteristics of RAN1 antenna ports would enable a straightforward and direct relationship between the OTA TX power declarations and useful beams for actual applications.
There is, however a general preference not to link beam declarations and AAS-ETACs on the basis that linking RAN1 based functionality with RF conformance should be avoided. Keeping RF requirements and RAN1 features  independent is in general good as long as the RAN1 features do not require specific RF conformance (that is specific to a feature rather than generic) to operate correctly. (It should be noted that in fact RAN1 concepts are already present in several requirements; for example requirements on RS power accuracy, TAE for MIMO and CA operation, reference sensitivity (which is defined using a reference channel that is ultimately captured in RAN1 specs etc. Of course, RAN1 antenna ports are somewhat more complex than the references to RAN1 requirements in the current specs).
It is, however important to ensure that the beam declarations that are made for the OTA TX power conformance test relate to intended usage modes of the basestation during real operation (as opposed to being contrived purely for the purpose of testing) and represent a wide enough sample of beams produced during real operation that the radiation efficiency, coherency and beam steering ability can be viewed to have been adequately covered.

Beams produced by sub-sets of transmitters

There are many situations in which beams may not be produced by all of the transceivers within an array. One such example is depicted in figure 1. In the figure, an array consists of 2 columns, with each column containing 8 transmitters on each of 2 polarizations.
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Conceivably, a beam may be produced by transmitting from both polarizations on all columns and transmitters. Alternatively, it may be that e.g. 4 beams are produced in parallel; one from each column and polarization. A potential scenario is that beams carrying CRS are transmitted from each column. These beams can be steered in the vertical domain, since each column contains 8 independent transmitters. A beam created from all transmitters may be a precoded PDSCH to a user, or a user specific beam for which a DM-RS is used for demodulation.
In the above example, there are two possibilities for transmitting beams. One possibility is to transmit a single beam using all available transmitter units in the array. The second possibility is to transmit 4 beams in parallel (each beam using only a single column and polarization).
In a more general approach, a set of “parallel beam configurations” can be declared for an AAS. (The term “parallel beam configurations” is adopted in this contribution, however better names are welcome). A parallel beam configurations describes the ability to transmit several beams independently at their respective maximum configurable EIRP. A parallel beam configurations will consist of N beams. If N is one, a single beam can be transmitted; for N=2, 2 beams can be transmitted in parallel etc.
Each simultaneous beam in a parallel beam configurations may be able to be operated with with a range of different beamwidths, EIRP accuracy directions sets etc. In order to simplify the declarations, it is proposed that for each parallel beam configurations, two beam types are declared; one with the minimum possible beamwidth one with the maximum possible beamwidth (in each dimension). For each beam type, EIRP accuracy directions set/EIRP levels/beamwidths etc. are declared.
When the two beam types are declared for a parallel beam configuration of N beams, then the basestation is declared capable of transmitting N beams of each type simultaneously and independently (i.e. without sharing power resources). How conformance testing should be performed based on the declaration of parallel beam configurations is FFS; it may be sufficient to transmit a single beam from the configuration for EIRP testing and declare others equivalent, or it may be preferable to demonstrate that the beams can indeed be transmitted independently.

It is not proposed that the subgroups of transmitter units used for generating beams are declared, as this is an internal aspect of the basestation. However in some circumstances it may be useful to declare more than one parallel beam configuration with the same number N of beams. For example, a 4x4 array may be split into 4 beams, each corresponding to a column or alternatively 4 beams, each corresponding to a row.

An example of declaration of parallel beam mappings is shown in the table below, relating to the example array depicted in figure 1.
	Parallel beam mapping ID
	Number of parallel beams
	Beams that are declared for this parallel beam mapping

	1
	1
	Beam 1: (Lowest beamwidth) 60 degree * 10 degree

	
	
	Beam 2: (Highest beamwidth) 120 degree * 10 degree

	2
	4
	Beam 1: (Lowest beamwidth) 10 degree * 10 degree

	
	
	Beam 2: (Highest beamwidth) 20 degree * 10 degree


An important thing to take note of with the above proposal is that a grid of beams can be declared as a single beam for conformance purposes, for which each possible beam in the grid is a part of the EIRP accuracy directions set. Therefore, an AAS performing MU-MIMO by means of a grid of beams would require a single declaration of an N=1.
	Parallel beam mapping ID
	Number of parallel beams
	Beams that are declared for this parallel beam mapping

	1
	1
	Beam 1: (Only beamwidth) 3 degree * 10 degree

	
	
	(Note: EIRP accuracy directions set consists of 32 entries; one for each possible setting of the GoB)


The principle of declaring beams within the context of “parallel beam configurations” as described above relies on there being a manageably low number of possibilities for parallel beam configurations. Theoretically, AAS designs could be conceived in which beams could be mapped to transmitter units arbitrarily and the number of parallel beam mappings could be unimaginably large. RAN4 should discuss further how important it is for the specifications to allow for such a scenario, as a number of factors suggest a relatively high cost and low gain:
· Arrays operating with large number of  antennas and at higher frequencies often use analogue beamforming in addition to digital beamforming, due to the current challenges of massive D/A, interfacing etc.

· It is difficult to envisage a basis on which a scheduler could select an arbitrary set of antennas for transmission for an FDD system, given the amount of UE feedback that would be required

· Even for a TDD system in which reciprocity could be exploited, the algorithmic complexity of selecting the most appropriate subgroups of transmitters to use when scheduling a group of users (in addition to the group of users itself) would be immense
· It is not obvious why there should be any benefit from building a system in which there are very large combinations of numbers of subgroups of transmitters from which beams may be transmitted. Most FD-MIMO and 5G beamforming studies have not considered such an architecture

· RAN1 FD-MIMO discussions have never considered such a possibility

Given these considerations, and that for MIMO and GoB systems the number of parallel beam configurations will be a limited set, it may not be unreasonable to declare and test minimum and maximum beamwidth beams for all parallel beam mapping possibilities. Doing so would ensure that the complete RF functionality of the AAS is declared and tested, and would also resolve any risk of misunderstanding on what sort of  “beams” should be declared, since both cell wide and user specific beam mappings generated from coherent transmitters would be implicitly captured (without being mentioned in the specification or declaration).
In case RAN4 cannot conclude to declare and test all parallel beam configurations, then there is a need to figure out which parallel beam configurations should be declared and tested. Obvious simple principles include declaring just the mapping with the largest amount of parallel beams and the one with the smallest. However standardising a means to select a subset of parallel beam mappings for declaration and testing is not entirely straightforward, since each parallel beam configuration is in effect a different type of array and a different RF functionality.
Conclusion

This contribution has discussed two important issues with respect to beam declaration:

· How to avoid different interpretations on which aspects of MIMO functionality should be considered as beams
· How to capture the fact that beams may be formed by either the whole array or in parallel with different subgroups of the array

· Without the need for a detailed declaration of internal hardware mappings and configurations in the array

The approach suggested is to declare possible “parallel beam configurations”. A parallel beam configuration is effectively a subgrouping of the array , however no declaration of the specifics of the subgrouping is made. Beams are then declared for each parallel beam configurations. 

This approach, with appropriate description has the potential to implicitly capture what is needed for MIMO functionality and to provide a reasonable declaration and test coverage.
Further discussion and comment is needed on whether there is a need and it is possible in a standardised way to sub-select parallel beam configurations that are declared and tested.
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