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1 Introduction
In RAN4#80 [1] was presented which presented a means of deriving a minimum EIS requirement using the conducted reference sensitivity value and a effective antenna gain figure derived from the declarations made for the existing radiated receiver requirements.
This paper discusses further issues related to such methods and how such a method may be applied to different potential AAS architectures.
2 Discussion

The range of potential architectures which may be considered an AAS places difficulties on how OTA requirements can be placed.
For the receiver of an AAS the range of implementations range from an AAS receiver consisting of a single receiver unit (similar to a non-AAS receiver) and a passive antenna. Furthermore the passive antenna may be anything from omni-directional to a narrow beamwidth suitable for a 6 (or even 12) sector site.

Also within the demodulation requirements for AAS and non-AAS it is conceivable that a BS will have up to 8 receive branches which are tested. This number is not only used in the performance requirements but also as a means to define the number of active receiver units for the receiver spurious emissions requirements [2].
NRXU,active
The number of active receiver units. The same as the [number of receiver diversity branches] to which compliance is declared for chapter 8 performance requirements.

The test in square brackets perhaps needs updating as it refers to a now defined term [2].

demodulation branch: single input to the demodulation algorithms. 

NOTE1:

For UTRA a demodulation branch is referred to as a receive diversity branch or an UL MIMO branch. For E-UTRA a demodulation branch is referred to as an RX Antenna in the performance requirement tables.

NOTE2:
The term "RX antenna" in chapter 8 of the E-UTRA specification 36.104 [x] does not refer to physical receiver antennas.

The performance requirements do not test the sensitivity of the receiver branches as this is done in by the RF requirements. However it is assumed that there are (up to) 8 receiver branches which are compliant to the conducted requirements i.e. each receiver branch meets the minimum/reference sensitivity requirement.

When transferring the conducted minimum/reference sensitivity requirement to an OTA requirement this must be taken into account.

Currently the AAS BS receiver is defined as:

AAS BS receiver: composite receiver function of an AAS BS receiving in an operating band

This is a good description when deriving OTA requirements as we wish to treat the receiver as a black box however care must be taken when transferring requirements to that black box.
2.1 Two receive unit example

For the purposes of a simple example 2 receiver units is as good as 8 Rx and simpler to explain (and draw).

With 2 receiver units there are 3 ways to interpret the AAS BS architecture:

Example 1. The 2 RXU are separate and have separate demodulation branches and separate OSDD’s
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Example 2. The 2 RXU are separate but have a single demodulation branch and a single OSDD
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Example 3. The 2 RXU are separate but have a single demodulation block with 2 outputs and a single OSDD
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EIS is currently defined from the OSDD, what is behind the OSDD is regarded as black box.

Clearly examples 1 and 3 have two demodulation branches and example 2 has only 1.

In Example 3 is not so clear and it is perhaps not obvious how the declarations for this system would be handled. There is not really enough information to have a clear understanding what the performance of this system is. If the system is capable of 2 identical OSDD’s for each of the RX unit branches then the declarations should probably be done in a similar way to example 1. If it is only capable of a single OSDD i.e. the signal to both RXU branches is the same) then it should perhaps be declared like example 2.
Assuming all OSDD’s in the example are the same (i.e. the same RoAoA) then the minimum combined sensitivity of example 1 with no fading would be 3dB better than that of example 2. 

The reason for this being that the AAS has 2 OSDD’s with the same directivity, and hence 2 times the antenna aperture. So the 2 cases are not exactly equivalent.

Care must be taken when discussing antenna aperture and gain. 2 identical non-correlated antennas will collect 2x as much signal from the same spatial area, so the gain is 3dB but requires 2 receive paths so these can be added in BB by MRC or some algorithm, the gain from the larger aperture is not realised until the BB but it is still due to a larger antenna aperture.
2.2 Minimum OTA sensitivity requirement

Clearly if treating the AAS receiver as a pure black box there should be a relationship between the number of demodulation branches (up to 8 in LTE), the number of OSDD and the minimum sensitivity requirement. It would seem that example 3 should not be valid.

Possible solutions could be:
a) An OSDD is declared for every demodulation branch (clearly these may be identical) the minimum requirement is met per demodulation branch.

· In such an arrangement the AAS Rx may still be a black box, but it may be difficult to show that multiple OSDD’s are being tested or just the same one multiple times. Although in the receiver maybe this difference is not important

b) The number of demodulation branches per OSDD is declared and this figure is used to offset the minimum EIS requirement.
To investigate these possible solution by applying them to the given examples. 
Assume the effective antenna gain of the OSDD is 16dB (using method in [1]).

Then Example 1 – has 2 OSDD and 2 demodulation branches
Method a) OSDD 1 and OSDD 2 would have a min EIS of -101.5-16 = -117.5dBm.

Method b) Composite system would have a min EIS requirement of -101.5-16-3 = -120.5dBm

And example 2 – has 1 OSDD and 1 modulation branch

Method a) OSDD 1 min EIS of -101.5-16 = -117.5dBm.

Method b) Composite system would have a min EIS requirement of -101.5-16= -117.5dBm

For example 3 - has 1 OSDD and 2 demodulation branches

Method a) This would not be a valid example as there is only 1 OSDD and 2 demodulation branches

Method b) Composite system would have a min EIS requirement of -101.5-16-3 = -120.5dBm. Note if the RoAoA was provided by a passive antenna then this would be an almost impossible requirement – once again invalidating example 3.

At this time it seems either of these solutions would be suitable. Both solutions are based on a black box approach requiring only the existing set of declarations to be used to derive a minimum requirement.

At this stage we do not express a preference, however option a) seems the simpler of the 2 and is more similar to the existing requirements. Also it avoids the OTA test signal being reduced to an even lower level in the test chamber which may be an advantage in terms of test accuracy.

The composite receiver performance and the performance of the receiver algorithms are tested in the performance/demod part of the requirements so there is no need to test composite performance during the RF test.
3 Summary
This paper expands upon the ideas for a minimum OTA sensitivity requirement previously proposed in [1] and how the existing definitions for OSDD and demodulation branch can be used to derive a black box minimum EIS requirement for an AAS with multiple demodulation branches.
a) An OSDD is declared for every demodulation branch (clearly these may be identical) the minimum requirement is met per demodulation branch.

b) The number of demodulation branches per OSDD is declared and this figure is used to offset the minimum EIS requirement.

We express no preference for either method at this time and are open to further alternatives, however it seems that it is necessary to have some relationship between demodulation branches, OSDD and the minimum EIS requirement and encourage further discussion on the subject.
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