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1 Introduction

During recent meetings, several contributions have been presented considering OTA receiver performance/demodulation requirements for the eAAS specifications. The contributions have observed that OTA testing in fading channel environments is highly challenging and no good solution that would enable the demodulation requirements to be tested OTA has been identified.
Furthermore, the goal of the demodulation requirements has been discussed. For basestations with a large number of receivers, it is not clear what value showing conformance requirements intended for a much smaller number of receivers would achieve. Rather than attempting to find ways to re-use unsuitable existing requirements, it may be much more preferable to decide on the priority for new requirements that are meaningful and, if there is sufficient time to develop such requirements (bearing in mind that the time needed for developing new requirements may be the same as or possibly even less than attempting to find ways to re-test all existing requirements).
This paper proposes a pragmatic approach to developing a limited OTA demodulation requirements within the eAAS WI timescales.
2 Testing of OTA demodulation requirements
A classic far field anechoic test chamber is able to create a single path non-fading channel between a transmitter and the basestation under test. Ideally, the effective channel within the chamber should have a unit impulse response. Although the chamber itself is unable to produce shadow fading conditions, a single fading path may be created by placing a fading emulator between the signal source and the transmit antenna.
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Figure 1: Basic setup for creating a fast fading channel for 1 RX
Observation 1: Creation of a single fading channel between transmitter and receiver is straightforward to achieve in an anechoic test chamber.

In principle, if polarizations are orthogonal then the principle of figure 1 can be extended to create independent fading channels on two orthogonal polarizations, as illustrated in figure 2.
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Figure 2: Basic setup for creating fast fading channels on orthogonal polarizations (1TX, 2RX)
The potential to create orthogonal fading channel profiles can potentially be used to perform demodulation testing for basestations with dual receive diversity and should be considered further.
Proposal 1: Study further the potential to create independent fading channels on orthogonal polarizations in an anechoic chamber.

Where UE TX diversity is applied, the transmitted signals from each of the UE antennas travel by independent fading channels to each of the BS RX antennas. The fading channels between each UE TX and each BS RX antenna differ. 
If the UE antennas are on orthogonal polarizations, then for a BS with cross polarized receive antennas, UE TX diversity demodulation can be modelled in an OTA test chamber by means of the arrangement indicated in figure 3.
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Figure 3: Setup for 2TX, 2RX on orthogonal polarizations with 2 fading channels.
In case UE TX diversity with multiple UE transmitters on the same polarization is tested then for a single BS RX antenna, UE TX diversity may be created in an anechoic chamber by means of the arrangement of figure 4. The arrangement may be straightforwardly extended to orthogonal polarizations. (No demodulation requirement currently exists for such a scenario; the figure is for illustration of the potential). It should be noted that with a sophisticated enough fading channel generator, any degree of correlation between the TX antennas may be modelled.
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Figure 4: Example setup with 4TX UE beamforming on one polarization
Observation 2: It is straightforward to set up OTA testing for demodulation with UE TX diversity/beamforming in an anechoic chamber.

For a BS with more than one receive antenna per polarization, OTA testing is much more complex. To test the OTA requirements as they are currently defined, it is necessary to create independent fading channels between every transmit antenna and every receive antenna with the same polarization. In the anechoic chamber, fading channels are combined and thus the received signals cannot be defined independently for the receiver antennas.
Furthermore, even if it would be possible to create independent fading channels, the requirements currently assume uncorrelated BS receiver antennas. The amount of correlation between BS RX diversity antennas is likely to differ between different implementations, and thus the currently stated demodulation requirements would be inappropriate for many types of implementation.

Observation 3: There is not straightforward solution to testing demodulation requirements for >2RX

In principle, however it should be possible to test BS that have more than one receive antenna per polarization with 2RX (i.e. 1RX per polarization) requirements. Thus such basestations would not be out of the scope of testing altogether.
Observation 4: It is straightforward to test BS with more than one receive antenna per polarization with 1RX or 2RX requirements, but not >2RX requirements.

3 Scope for testing of existing demodulation requirements
The existing demodulation requirements are examined per RAT are considered.

UTRA TDD

All UTRA TDD demodulation requirements are defined with 1RX only. Thus UTRA TDD demodulation requirements should be straightforward to test OTA with the arrangement depicted in figure 1.

UTRA FDD

UTRA FDD demodulation requirements are defined for 1RX and for RX diversity. As long as the RX diversity is achieved on orthogonal polarizations, then it should be feasible to test UTRA FDD demodulation requirements OTA.

E-UTRA

E-UTRA demodulation requirements include requirements for 1, 2, 4 and 8 receivers. Furthermore, requirements are defined for UE transmit diversity and BS IRC.

Testing of requirements assuming 1RX is straightforward, and 2RX on orthogonal polarizations may be straightforward. Testing of >2RX  and BS IRC is not possible using a simple anechoic test chamber.
4 Conclusion

The suitability of a test setup as depicted in figures 1-4 for testing a single or dual polarized RX diversity receiver in the basestation should be confirmed. Assuming up to 2RX dual polarization is possible, then testing of all of the UTRA demodulation requirements and also the E-UTRA up to 2RX demodulation requirements based on the existing conducted requirements levels should be included in the AAS specification.

As discussed in sections 2 and 3, E-UTRA demodulation requirements for >2RX and IRC cannot be tested in a straightforward manner and would require a complete overhaul. It is not clear what the purpose would be of developing 4 and 8RX diversity requirements for advanced BS that would have a much larger number of receivers. In place of attempting to somehow create 2 and 4RX demodulation requirements, a better approach would be to study and decide on what the feasibility, purpose and scope of spatial demodulation requirements for large arrays should be. Such a study is outside of the scope of what is achievable in the current eAAS WI and should probably best be conducted considering both E-UTRA and NR. Thus we think that a separate SI and/or WI would be the best vehicle to further develop new demodulation requirements for advanced arrays beyond testing of 1 and 2RX demodulation functionality. 

It should be noted that basic receiver functionality can be tested OTA also for advanced arrays with a large number of receivers by demonstrating compliance to 1RX or 2RX requirements.

Proposal: The scope of OTA requirements for demodulation in the eAAS WI should be set to 1RX or potentially 2RX (based on dual polarization).

Proposal: Discuss further whether a separate study/WI is needed to develop demodulation requirements suitable for advanced arrays, possibly jointly for E-UTRA and NR.
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