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Introduction

During RAN4#77, AAS demodulation requirements were discussed for the first time. Although no agreements were made, in general there seemed to be a widespread view that demodulation requirements should be conducted and that new demodulation requirements should not be introduced as part of the AAS WI. Using the same conducted demodulation requirements as for non AAS implies that there is no fundamental difference between AAS and non AAS for demodulation requirements, apart from a higher probability of there being a larger number of receiver chains than is supported by the existing demodulation requirements set (in such cases, the additional receiver chains will lead to the basestation overshooting 3GPP requirements). Thus, the discussion on demodulation requirements is about how the core and conformance specification should be written to take into account the AAS linguistics (TAB connector, transceiver array boundary etc.), ensure that demodulation performance is met whilst not placing restrictions on how the extra degrees of freedom provided by having more receivers can be used and facilitate testing without significant test complexity that grows with the number of receivers.

Two proposals were put forward for handling demodulation requirements at RAN4#77 [1,2]. This document considers both proposals and concludes that [1] is necessary. [2] is not really necessary as passive combining can be performed within the RDN. 
Recap on proposals from RAN4#77
Two proposals were made at RAN4#77 as follows:

In [1] it was proposed that demodulation testing is carried out by selecting a subgroup of receiver TAB connectors whose size is equivalent to the number of RX diversity branches being tested. Other connectors are terminated. It was noted, however that there could be non-adaptive combining (termed “beamforming”) in additional to adaptive, RX diversity combining. The contribution proposed that beamforming groups be identified and that at least one TAB connector be selected from each beamforming group.
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Figure 1 Examples of subgroups. “Non adaptive combining” refers to combining that is not adaptive to instantaneous RX signal statistics for individual UEs
An important observation on [1] is that the possibility should not be excluded that the “non-adaptive combining” is not hardwired, but can be reconfigured. This may be the case, for example where there is combining close to the receiver units that is not adaptive, whilst IQ samples from the combining groups are fed elsewhere to a BBU for MMSE combining. The non-adaptive combining may be adapted based on, for example the number of cells being operated, the number of users being received, activation/deactivation of receiver units, pre-combining intended for receiving a particular user etc.
If a specific set of combining groups are declared within the core requirement, and the requirement states that the demodulation requirement should be met by TAB connectors from these groups, the operation of the basestation with other groupings would be precluded. Precluding changing groupings would be unfortunate, since presumably the ability to change the “non-adaptive combining” is the reason that additional radios are provided and  the non-adaptive combining is done digitally, rather than analogue.

[2] dealt in essence with the “beamforming groups” in more detail. The combining within the transceiver unit array may be digital, in which case terminating unused receiver chains as described in [1] may be sufficient. The combining could in theory alternatively be analogue, in which case an approach using splitters may be needed for testing, It is, however not likely to be necessary to allow for such analogue combining within the transceiver unit array, because in any case analogue combining of paths between antenna elements and receivers is possible within the RDN. Furthermore, allowing for analogue combining will cause some additional issues to consider for RF requirements. Unless there is a strong reason to include it, it is preferable to avoid the additional complexity and thus the proposals in [2] are not needed.
Methodology for demodulation requirements and testing

In general, the proposal in [1] to apply demodulation testing on a subgroup of receivers is a good one. It is important, though, to differentiate between the core requirement in 37.105 and the conformance test description. The core requirement must be met whenever the basestation is in operation. The basestation should at all times meet demodulation requirements, however the specification should not mandate how the receivers are combined at any specific time. This implies that groups relating to non-adaptive combining should not be mentioned in the core specification, since doing so would restrict the ability of the BS to change the non-adaptive combining whilst still meeting the requirement.
Proposal 1: The core specification should state that the demodulation requirement shall be capable to be met by the BS at any time during operation. 
The conformance specification, 37.145 should provide a test that verifies the capability of the AAS BS to meet the demodulation requirements.  In general, the method proposed in [1] of applying demodulation testing to a subgroup of TAB connectors is a good approach to setting demodulation requirements.  Some information will need to be provided by the BS vendor on how the BS should be configured to test the demodulation requirement at a subset of testers. The reason why such information needs to be provided is that the BS must avoid attempting inappropriate combining with TAB connectors that are not in use and the assumption made during the testing on the non-adaptive combining groups must match with the BS settings.
Proposal 2: A subset of connectors may be used for demodulation testing, as long as proposal 3 is met. 

Proposal 3: If proposal 2 is adopted, then the BS vendor shall provide information on configuration(s) for testing the demodulation requirement such that the BS can be properly configured during testing.
It should only be necessary to declare and do conformance testing once on one TAB connector subgroup since testing multiple declared subgroups would simply be re-testing of the same RX diversity combining functionality. 
Considerations on testing of other RF RX requirements

Some of the considerations in this paper should also be applied to other RX requirements.
Proposal 4 states that information on how to configure the BS for demodulation testing such that it does not attempt inappropriate combining etc. should be provided by the vendor. For RF tests, similar information will be required such that RX diversity combining is not be applied for non-tested TAB connectors. 
Observation 1: For testing other RF RX requirements information needs to be provided such that the BS does not make inappropriate attempts at combining non tested TAB connectors.

Conclusion

This paper has considered the discussions on demodulation requirements from RAN4#77 and concluded that, with a couple of preconditions, a  proposal similar to [1], in which the core requirement is applicable to the BS at all times and conformance testing is performed on a subset of TAB connectors, makes sense.  Further discussion is needed on the means to provide information regarding configuration of the BS for both demodulation and RF requirements (including whether such information needs to be captured in the conformance specifications)
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