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1. Introduction

This paper develops the ideas from [1] for an alternative figure of merit (FoM) for MIMO OTA that avoids the difficulties with the current metric due to devices not reaching target throughput at a fixed MCS.
2. Issues with the current FoM
The FoM that has been used throughout the SI and WI on MIMO OTA has been the RS_EPRE required to reach a particular throughput for a fixed TM3 MCS and forced rank 2. This metric has been useful in comparing test methods although there have been longstanding debates about what percentage of the maximum throughput to use (70%, 90%, 95%) and how to deal with cases where the device does not reach one of the target values.
This last point has recently been debated at length due to the outcome of the recent harmonization campaign carried out by CATR where it was found that all methods under some conditions were unable to return RS_EPRE values for all devices. This lack of data has meant that direct comparison between all methods has not been possible without resorting to a variety of techniques to mitigate the lack of data. These mitigation techniques fall into three categories:
1. Ignore the missing data either by not taking it into account in decisions or by choosing averaging methods that discount its significance

2. Extrapolate or substitute results for missing RS_EPRE values based on an estimate of actual performance

3. Consider missing results to be hard evidence that test methods can’t harmonize
All three approaches have difficulties. The first seems like it is throwing away important information so does not feel correct. The second is trying to make up for missing data but can never truly predict what the UE might have done. Also, the 95% outage level where most data is missing is beyond the normal operating point of a device and its actual or predicted performance at this level may not be a useful metric upon which to judge test methods or UE performance. The third approach feels unreasonable since particularly at the higher outage levels when a device reaches its limits, even small changes in test conditions might have a disproportionate impact on measured performance and therefore not a good indicator of anything that would be seen in a real network.
Most of the debate has moved towards some form of substitution with penalty for example in [2]. If this were a problem we were forced to solve then some variation on the ideas in [2] could be figured out. However, we do have other choices of FoM that could provide an outcome that does not require arbitrary substitution and penalties to be agreed.

The FoM has two purposes, first as a measure to be used for method evaluation and second as a FoM for developing UE performance requirements. Ideal the FoM should be the same for both so we have traceability.
For the purposes of harmonization we do have a full set of data at 70% throughput and due to the shortness of time it is impractical to consider an alternative FoM for harmonization so it is proposed we focus on the 70% data as this is complete and is a necessary if not quite ideal FoM for method harmonization.
However, for the development of UE performance requirement it is now clear this will have to be carried out in a new WI. This will be very important work and so great care is needed in selectin the FoM to be used and this paper proposes a shift from previous thinking in order to avoid the issues with the current FoM and optimize the value of future UE performance requirements in terms of the alignment with network operation and user experience and also to minimize test time.
3. Discussion of an alternative Network/user-centric FoM 
The existing FoM based on a fixed MCS for TM3 with forced rank 2 came about mainly as a means of simplifying the work some years back, and it is reasonable to conclude that for the purpose of method evaluation this has been a good FoM. However, when we think ahead to the demands of setting UE performance requirements we need to shift gears from one of method evaluation – which we have been doing for the last 7 years – and move into a network centric, user experience way of thinking.
In a real network the base station does not use varying the RS_EPRE per user as the way to mitigate the effects of channel fading. Instead, the power remains constant and the MCS and rank are altered in order to select the optimum combination that give the highest throughput. The UE has a major role to play in this process and will report to the base station the preferred MCS and rank that will provide the maximum throughput under the current channel conditions.  There are specific tests for the accuracy with which the UE reports the optimal MCS/rank however, the target is clear and that is that the UE should report the MCS/rank that provides the highest throughput with a 90% probability of a block error.
If the UE receiver is estimating the channel conditions perfectly then if the eNB configures the downlink according to the reported MCS/rank this will provide the highest throughput possible. If the UE were to overestimate the channel quality and report a higher MCS, this would result in a worse than 90% BLER and lower overall throughput. If on the other hand the UE underestimates the channel and reports an easier MCS/rank, this will result in better than 90% BLER but with a lower maximum value also leading to lower overall throughput. It can therefore be seen that in the first instance trusting the UE report is a fair measure of the UE’s performance. (It is know that certain UE types will over estimate or under estimate the channel and it is possible for the eNB to second guess the UE and improve performance but this is outside of the parameters of standards and not considered further here.)
If we now take an example of a UE that failed to return a results for the existing FoM and compare this to the new proposed FoM we can study the differences. Consider the two UE’s shown in Figure 1. Which would be a better device on the network – clearly UE 2. Any FoM we define needs to be robust and always give the right answer. UE 1 has a performance that just passes the 95% outage point but requiring 10 dB more RS_EPRE than it did at 90%. Now consider UE 2 that just fails to meet the 95% level but has 3 dB better performance than UE 1 at 90%. It seems a very difficult task to come up with substitution and penalty rules that will give a fair result since based on the current discussions, UE 2 with its better performance at 90% is unlikely to be penalized in any way that will accurately reflect the actual device performance. For instance if we arbitrarily choose an X dB penalty to add to another arbitrary RS_EPRE substitution value how will that reflect network operation and user experience of the two devices?
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Figure 1. Two example UEs one failing to meet 95%

In a real network with these two devices the eNB will not drive up RS_EPRE until a target throughput is reached. Instead it will (assuming no UE-specific optimization) set the MCS/rank to the value recommended by the UE and accept the throughput that is achieved. This should result in a 90% BLER representing the highest throughput possible for that device in the current channel conditions.

So for the two devices here the UE 1 would choose an MCS/rank that provides 3 dB more link margin than UE 2. This means UE 2 would then deliver higher throughput. This result will entirely scale with network operation and user experience and bear no relationship to any result that was created through the application of arbitrary penalties and arbitrary substitution values. For the AC test methods. This new FoM will return different results for different device orientations and there would still be a need to agree on how to handle variations but there will never be a case where there is no data to average or data that has been artificially created, everything would be based on actual device performance.

A second and very important advantage of the new FoM is that it will be much faster to measure than a FoM based on searching for a particular throughput for a fixed MCS. The cost of an OTA test facility is already high and adding MIMO capability will drive it higher. The dominant cost is test time and the current FoM requires multiple measurements for each orientation. The new FoM requires only one measurement per orientation and depending on advances in curve searching, could be from 5 to 10 times faster than the current FoM. Throughput the work on MIMO OTA we have been continually ware of this very long test times and as MIMO OTA moves into the commercial realm, the possibility of reducing test times by such a large margin should be obvious to the industry.
To implement the new FoM requires very little change to existing test procedures. Currently the test system configures the downlink with the fixed MCS/rank 2 and performs a series of measurements at a range of power levels to return the RS_EPRE for the target throughput value(s). With the new FoM UE CSI reporting would be enabled in a similar way to what is currently defined in TR 37.901 for application layer throughput testing. The eNB will then use the UE reported MCS/rank to configure the downlink. Ideally this would be in a “follow” configuration so when the channel conditions change, the UE adapts the preferred MCS/rank but it may also be possible to consider an average of the UE reports over the fading cycle so the eNB can set a fixed MCS based on the UE reports.
4. Conclusion and proposals
1. Conclude the method harmonization work using the full set of 70% outage levels so as to avoid all debate on substitution and penalties for missing data
2. Do not try during this WI to finalize the FoM for future UE performance requirements if this means choosing a slow FoM that requires arbitrary substitution and penalties in order to handle missing results

3. Consider in this WI or as the first priority in a future UE performance WI a FoM based on the principles in [3] using UE CSI reporting to configure the downlink. Such a FoM should be 5 to 10 times faster than the current FoM based on curve searching.
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