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1 Introduction

During RAN4#78, a Way Forward on beam declaration was agreed. The main contents of the way forward are as follows:
· The minimum set of beams to declare for conformance are as follows:
· narrowest intended BWθ, narrowest intended BWϕ (possible when narrowest intended BWθ) at the reference beam direction
· narrowest intended BWϕ, narrowest intended BWθ (possible when narrowest intended BWϕ) at the reference beam direction
· Widest intended BWθ , widest intended BWϕ (possible when widest intended BWθ) at the reference beam direction
· Widest intended BWϕ – widest intended BWθ (possible when widest intended BWϕ) at the reference beam direction
· BWθ and BWϕ which provide highest intended EIRP of all possible beams  at the reference beam direction.
· Some of these beams may be the same, in which case fewer than 5 beams will be declared and tested
· The beams that are declared are the ones with the max intended EIRP for any individual beam with the applicable beam width. 
· It may be that for a given beamwidth, several beams at maximum intended individual beam EIRP can be transmitted.  Such beams must have independent RF power resources from one another.
· Independent power resources means that the beams are transmitted from different transmitters (although the specification may not mention transmitters)
· For each declared BeamWidth If there are parallel beams with independent RF power resources then the number of them shall be declared
· For conformance testing, declared beams are tested individually
· In case for a given beamwidth more than one beam can be transmitted with maximum individual beam EIRP, it is FFS whether all beams that can be produced in parallel should be tested (one at a time)
· With the above WF, a simple test model should be used (preferably (E)TM1.1 unless there is any other issue with that TM)
The way forward captures most of what is needed for describing a minimum beam declaration, although some ambiguities remain as described in [1]. 

One of the concepts raised in the Way Forward is that of independent power resources. The concept of independent power resources is worthy of some further elaboration. Furthermore, the impact of the possibility of multiple beams on independent power resources on the testing should be considered.
2 Discussion

The Way Forward envisages that up to 5 beams are declared, with various combinations of maximum and minimum beamwidth. For each beamwidth, a beam is declared and also the number of such beams that can be transmitted with independent power resources.

The principle of independent power resources is that in some cases not all of the transceiver units are used for transmitting a beam, and several beams may be transmitted at the same time from different groups of transceiver units. Two examples are shown in figure 1. In the left hand example, the BS consists of a cross polarized column. The transceiver units behind each polarization are not calibrated. The basestation is intended to perform open or closed loop transmit diversity. In the right hand example there are two cross polarized columns. Again each column and polarization are not calibrated to one another. Thus there is no means to create a coherent beam. The BS operates closed or open loop TX diversity.
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Figure 1: Two examples of arrays
In each of these cases, each column and polarization can produce a beam. As discussed in [1] any beam created as a result of applying precoding to the columns is not considered for declaration. Potentially, the beamwidth produced by the columns can be adjusted (at least in the vertical dimension) if there are multiple (calibrated) transmitters in each column, and thus several beams of different beamwidth may be declared for each column.
When a beam is declared, however then the beam can in fact be produced 4 times; once for each column. The WF envisages that if a beam of a certain type can be transmitted more than once by different parts of the transceiver unit array, then the number of parallel beams should be declared. The term “independent power resources” refers to different transmitter units, since power cannot be re-allocated between different transmitter units.

In the specification text, there are several options for capturing what is meant by beams that use independent power resources:

· Define the term independent power resources as referring to beams between which power cannot be reallocated

· This definition has the disadvantage of being rather vague and difficult to interpret, but does not require referring to transceiver units

· Define the beams as being transmitted from different groups of transceiver units

· This slightly breaks the principle of declaring black box OTA requirements

· Simply state that the number of beams with a given beamwidth that can be transmitted simultaneously at maximum possible EIRP shall be declared

· Since all of the beams must be transmitted at their maximum possible EIRP, then implicitly the power resources must be independent for the beams to be transmitted simultaneously.

· This phrasing may be more difficult to understand than the second, but may be preferable to defining the term independent power resources

Proposal: One of the above 3 approaches to describing independent beams should be adopted
It should be noted that in the above examples, if antenna port virtualization would be applied then only one beam would be declared, whose maximum EIRP would be greater than without antenna port virtualization. Antenna port virtualization refers to the concept of mapping each of the RAN1 antenna ports to all of the transmitter units using a set of precoders. Each RAN1 antenna port is mapped to the transmitters with a different precoder and the precoders are transparent to UEs. 
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Figure 2: Example of (RAN1) antenna port virtualization for 2 ports
When antenna port virtualization is applied then with maximum possible EIRP a single beam will be created with twice the power of the two beams declared with no virtualization for the single column example and with four times the power of the four declared beams with no virtualization for the dual column example.

With regard to testing, in order to equalize the operation and testing with and without antenna port virtualization, we propose that when N beams that are exactly the same but have independent power resources are declared, then testing should take place with all N beams active. The total EIRP will be N times the EIRP of each beam.
Proposal: If the possibility of N equal independent beams at maximum EIRP is declared, then during testing all N should be activated. The expectation on EIRP would be the sum of EIRP from the beams.
Note that the excitation signal during the test may need to be uncorrelated to ensure that the independent beams sum only power wise during the test.

Antenna port virtualization may take place in baseband and is not really part of the RF capability. In the two examples above, the hardware will always be capable of antenna port virtualization and with the proposed approach to testing, it would make no real difference if 2 (or 4) independent beams would be declared and tested together or a single beam transmitted over the whole array would be declared.

There may be some instances though in which virtualizing antenna ports would impact the beam pattern (for example if there would be N single polarized, calibrated columns, the widest beamwidths might be created by each column transmitting independently. APV would narrow the beamwidth in this case) Thus it is proposed that both options for beam declaration are available in the specification.

It is also worthwhile to note that the proposed formulation does not adapt properly in case an array consists of unequal subgroups (for example, columns with unequal beamwidth). Declarations for such an array may be more difficult, however the 5 basic declarations would remain possible and it is most likely prudent not to complicate the beam declaration framework for this reason.
3 Conclusion

Two basic proposals are made in this paper; one is that the three approaches to declaring independent beams is adopted and the second that independent but equal beams should all be activated during testing.
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