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1 Introduction

During RAN4#79, it was proposed that a discussion should start on handling of demodulation aspects as part of the AAS WI. Although development of demodulation requirements is part of the performance part of the WI, the complexity of testing demodulation requirements is extremely large and the scope of what such requirements should capture not clear, and thus an early start to consideration of how to handle demodulation requirements is useful.
This document outlines some initial considerations on what questions need to be asked and discussed in order to progress with demodulation requirement development later in the WI.
2 Some questions relating to demodulation testing
This section outlines some questions that need to be discussed in order to come towards a conclusion on how to do demodulation testing. The questions are complex, interrelated and in some cases require additional information to answer. The aim of this document is to put forward the questions for discussion rather than aim to answer the questions at this stage.

What type of functionality are the demodulation requirements intending to capture ?

Originally, with 1RX demodulation requirements captured correct implementation of the baseband processing according to the RAN1 specifications and that an acceptable performance of receiver processing algorithms such as FEC decoding, channel estimation, equalization etc. has been achieved. For the basestation, the requirements and testing relate purely to the performance of the numerical algorithms; higher layer functionality such as call set up, etc. is not tested. Furthermore, originally spatial processing such as combining was not captured; in later versions of the specification requirements with receiver diversity and now IRC have been established.
An AAS might perform advanced receiver processing, including MU-MIMO reception, interference rejection or even cancellation and high order receive diversity. Currently, the uplink antenna array geometry is not considered, but when performing advanced algorithms OTA, the array configuration (e.g. antenna spacing, number of rows/columns etc) could impact the performance.
Furthermore, the level of performance of the receiver could be highly variable; for example the number of receivers could vary from 8 to 128 or more, and the degree of analog vs digital beamforming could differ between different implementations. It is not clear whether the aim of demodulation requirements should be tailored to each type of architecture (e.g. 128RX requirements for 128RX etc) or some kind of very basic minimum (e.g. prove that performance is at least as good as 8RX, even if there are 128 receivers and the performance would obviously be much greater).

An important question to answer is therefore if the expectation of what demodulation requirement should capture with AAS; the scope could range from basic performance of FEC decoding/equalization etc. to some degree of capturing combining, to capturing a range of spatial performance aspects.

A further question is whether all demodulation requirements that currently exist need to be tested OTA, or whether a subset could be selected.

Would standardizing demodulation requirements need assumptions to be made on the UL array configurations ?
Depending on the answer to the question above, with a large scope it would be necessary to develop requirements with a wide range of different assumptions on array size, array geometry, antenna spacing etc. Developing an unrestricted set of demodulation requirements would be infeasible. For downlink MIMO, RAN1 has assumed certain types of array structure when developing codebook based precoding, and thus the set of implementable array types when utilizing certain transmission modes is limited. For the uplink, the question is whether it would also be desirable to decide on a limited set of array configurations (presumably corresponding to the configurations assumed for DL MIMO) in order to develop proper demodulation requirements.
How realistically can demodulation testing be related to real world conditions ?

The intention in meeting demodulation requirements is that they guarantee a certain minimum performance during real operation. To meet this objective, clearly the requirements and test procedures need to be correlated with real world conditions. However considering the potentially very wide variety of deployment scenarios, basestation architectures and also considering the likely limitations of test facilities it is far from clear whether a single standardized set of demodulation requirements and tests making use of available testing technologies would be able to relate to real world operation for all kinds of BS architecture, operation and deployments.
One thing that should clearly be avoided are requirements and tests that for a given products are a long way divorced from actual BS operation, but form design requirements and targets for which the BS must be optimized.

If a standardized set of demodulation requirements representing real world operation for all cases would not be achievable, the alternative option would be each vendor specifying testing and field tests appropriate to their application and product, which would of course have its own advantages and disadvantages.

How much should functionality be broken down for demodulation testing ?

Currently demodulation testing is separated from higher layer processing and call handling, and also DL and UL operation are treated in isolation. In particular, one option for handling demodulation requirements as outlined in section 3 is to break down the real-time processing of multiple channels into sequential steps. Such an approach would preserve testing of number processing functionality, but would of course not verify real-time operation.
What is the cost/benefit analysis of developing complex demodulation requirements from the point of view of standardization ?

Developing demodulation requirements is complex and time consuming both for 3GPP time and for individual companies simulation effort etc. Changing the approach to demodulation testing could imply the need to re-define and re-simulate all existing requirements. Including further testing of spatial processing functionality or higher receive diversity orders would imply further requirement development and simulation. Clearly with limited 3GPP time, when setting the scope of the demodulation requirements a careful evaluation will be needed of the benefit in terms of guaranteeing operation of the requirement vs the cost in 3GPP time.
What is the cost/benefit of developing complex demodulation requirements from the point of view of testing ?

Related to the question of cost vs benefit in terms of 3GPP standardization time is the question of the cost vs benefit in test time and cost. A complex demodulation test may require highly complex and expensive test facilities to perform, or could potentially need a significant amount of time. If the test does not correspond well with the intended operation of the BS, additional proprietary testing will be needed by the vendor to guarantee performance with the real operation. When setting the scope for demodulation testing, the benefit of testing vs the likely costs need to be evaluated carefully.
How much 3GPP time and effort is it realistic to spend on developing demodulation requirements ?

Even with a high benefit to cost ratio, it could be that in some circumstances developing some types of demodulation requirements and testing would take a larger amount of time than 3GPP has available. Clearly the extent of demodulation requirement development needs to be linked to available TUs, which in themselves are decided depending on the relative importance of this work in comparison with other RAN4 tasks. Clearly BS demodulation requirements are important and time should be spent to develop good tests; the question is how many TUs and what is feasible to achieve within the time.
What type of equipment is likely to be available for demodulation testing ?
The likely range of equipment for demodulation testing needs to be evaluated and understood for setting requirements. In general, equipment needs to be mature and readily available within the Rel.14 AAS timescales.
3 Example approaches to demodulation testing
In this section, some examples of approaches to demodulation testing are outlined at a general level. Although some advantages and disadvantages of each type of approach are elaborated, clearly further analysis and discussion of each approach is needed in the light of the questions in section 2.
Conducted

One approach to testing demodulation requirements is conducted testing at the TAB connectors; this is the approach adopted for release 13 AAS. An advantage of this approach that seems obvious at first sight is that the existing demodulation requirements can be re-used. However when probed further, this advantage is not so obvious, since the current requirements clearly will not cover all levels of RX diversity and array architecture that AAS could cover. Furthermore, the requirements need assumptions to be made on channel correlation etc. that may not be correct for the BS under test. 

An obvious and major disadvantage of this approach is that it requires provision of TAB connectors, which contradicts the aim of the WI to remove the need for provision of connectors and conducted testing.

Intermediate interface

A related but alternative approach to conducted testing is to perform testing at some intermediate interface to the baseband. No such interface is defined in the current specifications. Definition of an interface would be extremely difficult considering that there could exist different splits of functionality with BS architectures. Potentially, the position of the interface could remain unspecified and left for each vendor to decide. In this case, however there could be wide variation between different vendor’s interpretations of how the requirements could be applied.
OTA testing simulating fading channels
Conducted testing or invention of interfaces can in principle be circumvented by the use of OTA testing. Two options exist for OTA testing. One is based on simulating a fading environment around the BS and applying demodulation algorithms in real time. The alternative is as a cable replacement. 

To model fading in real time, complex test facilities are need. Although there has been development of some test facilities for UE testing, basestations differ in terms of their size and the number of antennas and channels that need to be modelled. Furthermore, the UE test facilities rely on the UE being assumed to have an omni-directional radiation pattern; for basestations with directional antennas the approaches may be less suitable. Hence it is not clear that any suitable options are available for such testing.

OTA testing as cable replacement

An alternative and more simple approach to OTA testing is to use an anechoic test facility as a replacement for a cable between a group of transmitters and a receiver.
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Figure 1: Example test setup where OTA is used as a cable replacement
At the transmitter side, a composite fading channel according to the channel models specified in 36.104 can be synthesized and transmitted to the BS. The method would require that the BS would sequentially receive transmit sequences for each receive antenna, one at a time. The reason for transmitting sequences individually for each receive antenna is that it enables uncorrelated fading between different receivers to be created. The BS would need to at some stage store a digital representation of the received signal, possible in some external memory until all receiver antennas have been covered. The representations could then be recovered from the external memory and sent for baseband processing. Probably the means by which intermediate signals would be stored would not need to be captured in 3GPP specifications.
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Figure 2: Example procedures for sequential OTA testing
An advantage with this approach is that it is realizable with existing test technologies and would allow for all existing demodulation requirements to be directly re-used without modification.

Obvious disadvantages are that only the number processing ability of the BS would be tested, not real time operation and also that some additional level of functionality would be required in the basestation for the signal collection.

4 Conclusion

This paper has presented some questions to be discussed and resolved in order to progress towards a useful scope of demodulation requirements for AAS. Some top level approaches to demodulation testing are presented to set the questions in context, although at this stage no method is proposed; adoption of a final method will need more consensus on the scope and use of demodulation requirements as a prior step. Clearly, at the present time there is not an obvious problem free approach and it is important to clarify the wider questions around what is desirable and what is feasible to do, whilst considering the technical feasibility of potential solutions.
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