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1 Introduction
The antenna gain range is still in square brackets, in the last meeting we presented papers discussing the antenna gain range and how it is applied to the NR BS architecture.

The concept of antenna panels has being discussed in the past and clearly is linked to the antenna gian range. Aftre discussin in the issue in the last meeting this paper further clarifies our view.
2 Discussion

It was capture in the TR last meeting (albeit in square brackets) that the high end antenna gain assumption was derived as follows:

[The high gain is limited by practical implementation of the antenna, a 64x32 element (0.5λ spacing) antenna would consist of 2048 elements and have a directivity of 38.1dBi. With some many elements it is likely the losses would be higher than for a smaller antenna, hence 3dB off peak margin and 5dB losses result in a gain of 30dBi]

The description is of a single panel 64 x 32 element array.

However what is perhaps not clear is how the requirement applies to a system which may have multiple panels.

There are 2 obvious scenarios where multiple panels should be considered:

1. Polarisation 

2. Uncorrelated panels (spatially)

2.1 Polarisation

Polarisation is a well used an obvious method to provide 2 way spatial multiplexing. Even if a channel has very little (or none) multipath the 2 cross polarised paths can be distinguished, as such it seems likely they will be always used at the BS. When specifying and testing OTA sensitivity however having 2 cross polarised receivers does not increase the sensitivity, there are 2 cases to look at, when the receiver uses its diversity algorithms and when it does not:
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The 1st 2 cases the diversity algorithms are not considered and the sensitivity of each polarisation is looked at separately, in order to achieve the required sensitivity for each branch it is necessary that each branch is polarisation matched. Resulting in maximum output of one and zero for the other.

If the Rx diversity algorithms are used and the output from each branch is added together then the polarization of  the test signal is not important as all the energy will be captured, however the result is the same as if a single polarization was matched, there is no additional gain due to the polarisation as the test signal has only a single polarization. 

In AAS the minimum sensitivity OTA test was described so that either polarisations were matched and tested separately or if the BS was capable then the diversity could be used, it is still necessary to test 2 polarisations however they do not need to be matched to the DUT as any 2 orthogonal polarizations can be used.

So a cross polarized system does not have additional antenna gain, the example in figure 1 could be considered as having 2x30dB antenna gain.

For the OTA sensitivity requirement (which does not apply to FR2) the following statement is made in the specification

The OTA sensitivity EIS level declaration shall apply to all supported polarizations, under the assumption of polarization matching. 

Implying the OTA sensitivity declarations are made per polarisation. 
The OTA reference sensitivity requirement currently does not include such a statement however it seems clear that the requirement should apply per polarization 

Proposal 1: It should be clarified that ORA reference sensitivity is applied per polarisation (polarisations are declared)

2.2 Uncorrelated panels
An FR2 system may also use multiple panels, these may be characterized as being separated at a different distance to the element to element separation, for example
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In this case it is less likely that a coherent bean will be formed from the 2 panels, the traditional method of calculating antenna beam pattern and hence directivity is not easy of the exact separation and relationship between the panels is not known. In such a scenario it could be considered that the 2 panels are somewhat independent and could be treated like the 2 polarisations.

The difference however is that both panels can receive at the same time – so in this case the effective gain is increases by 3dB
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Each panel and each polarisation still has 30dBi gain however as there are 2 panels the gain has increased.

A panel based architecture has been discussed for FR2 and seems to be a likely implementation technique – hence it needs to be made clear in the specification how eth requirements are applied to such an architecture:

Proposal 2: The concept of a panel should be defined in the specification.

Once the panel is defined it needs to be made clear how the specification apply to such an architecture, either per panel or to the sum of the panels.

Proposal 3: how the specification applies to the panel architecture should be clarified.

We believe that a 2 polarisation 2 panel system should be considered and that in such a case the 30dB high end gain assumption should be applied to each. Hence either it should be clear that the existing gain range applies per panel or the range should be increased by 3dB to accommodate additional panels.

Proposal 4: If the requirements are NOT per panel then the upper gain limit should be increased by 3dB (per polarisation)

3 Summary
The current FR2 receiver requirements do not adequately describe how the requirements are applied to architectures with multiple polarisations and multiple antenna panels, the following proposals are made to clear this issue up in the specification. Depending on how the specifications are applied to the panels it may be that the high end gain assumptions for OTA reference sensitivity may need changing.
Proposal 1: It should be clarified that ORA reference sensitivity is applied per polarisation (polarisations are declared).

Proposal 2: The concept of a panel should be defined in the specification.

For example panels can be defined as: separate antenna panels where the spacing between panels is greater than 1λ or unknown.

Proposal 3: how the specification applies to the panel architecture should be clarified.

Proposal 4: If the requirements are NOT per panel then the upper gain limit should be increased by 3dB (per polarisation)
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