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4.4.2.1
1. Background
The subject of transparent TX diversity came up at RAN #87-e [1], [2] and [3] and there was no conclusion on the way forwards so the issue was reverted to RAN4 for further discussion.
There are many aspects to this issue in terms of the impact for Rel-15, Rel-16, SA and NSA. This contribution focusses on the potential implications for Rel-15 conformance testing if transparent TX diversity is allowed, with or without changes to the Rel-15 core specifications.
2. Discussion

The possibility that a UE might split the power of a single port single layer uplink between two antenna ports has been described as a form of transparent TX diversity, but in this case there is no coding differences between the antenna ports as would be the case with transmission mode 2 for LTE. Leaving aside the issue of how the power class is signalled, this form of transparent TX diversity is essentially transparent to the network, since both signals will combine over the air (OTA) and vector sum at the gNB receiver.
The one aspect that might have a bearing on network performance would be the phase (and therefore power) difference between the signals, which would impact the vector sum at the gNB.
Leaving aside the phase issue for now, the impact of spitting a signal between two ports is essentialy transparent to the network but is not transparent to the test system. The reason for this is the test system at FR1 uses cabled connections and there are connectivity issues if the signal is split between two ports.

Although the current proposals for transparetn Tx diversity in Rel-15 appear to be for FR1 only, there are also conenctivity issues at FR2 should two antenna parots be used to plit one signal. These relate to the spatial nature of the beaqm formed by each antenna port and how the test system could simultaneously and indepndently reciver both signals.

As well as the above connectivity issues there are also many questions related to how to apply single antenna port requirements to a signal that is split between two antenna ports.
2.1 Test system connectivity issues

The currently validated conformance test systems for Rel-15 cover the single antenna port uplink configuration. Tests for UL MIMO are only now being considered by GCF. For the single antenna port tests, the UE declares which of the uplink antenna ports will carry the signal. This is then routed as necessary within the test system for signal conditioning/switching, demodulation and measurement. If it were to be allowed that a UE could split a single port single layer uplink signal between two physical antenna ports there would be an immediate issue with currently validated Rel-15 test cases. As currently designed and validated, the test system and associated signal conditioning/switching, cannot arbitrarily deal with the possibility of a signal being present on two antenna ports simultaneously as this would have implications on how the individual signals are to be processed. They could for instance be physically summed, which creates potential issues with phase imbalance, or they could be independently processed within the test system which has implications on the configuration of the gNB emulator for UL demodulation and any associated measurement hardware such as spectrum analyzers.
Although it is posible to address the potential for one signal to be present on two uplink antenna ports it cannot be expected that currently validated Rel-15 test systems would be able to handle this without design changes which may inlcude hardware configuration changes to account for new signal routing. Apart from the cost of potential test system revalidation, there is a risk that existing approved UEs may not pass modified tests.
2.2 Processing of uplink signals for demodulation
Once any connectivity issues have been addressed, the next question is how the split uplink signals should be processed. The simplest approach is to treat the signals in the way the network would, which is to combine them vectorially to create one signal for all further demodulation and measurement. However, the physical combining of two signals is affected by the phase imbalance and if this appraoch were to be adopted, it may be necessary to define a new phase imbalance for tranaprent TX diversity, making it no longer transpenr to the Rel-15 specifications.
If physical combining is not used, then each signal has to be treated independently. In this case, the first question would be how the gNB emulator should handle the uplinl for the purposes of demodulation? Would it be sufficient for just one antenna port be used, or should the signals be combined in software before demodulation using currently undefined equalization to deal with potential phase imbalance?

2.2 Processing of uplink signals for measurement
Assuming the signals are not phyically combined, it is necessary to consider how existing single antenna port requirements would be applied to a signal that existed on two separate antenna ports. There are many ways this could be handled and it is important to consider the possibilites and ensure that differences in interpretation between different test system implementations do not lead to ambiguous results.

The simplest measurement solution, leaving aside the phase imbalance issue, is to conbine the two signals after reception by the gNB emulator or measurement equipment. However, such a feature is not standard as existing equipment is designed to process different antenna ports independently through to demodulation or measurement.

We already have requirements for UL MIMO which clearly show how the requirements apply to each signal independently. But if the requirement only exists for a single antenna port, how should a pass fail verdict be calculated for a signal that is split and measured independently?

For TX Power, a simple addition of power should suffice. But for more complex requirements, there are many ways in which two independent measurements should be combined to give a single pass/fail result. One of the first apsects to consider is the potentai for power imbalance between the antenna ports, and whether this should influence how the individual results are combined. With nominal power balance this is not an issue, but if one antenna port were to be significantly lower in power, then this will influence the significance of any impairments that are later measured and combined.

One apqroach to applying the requirements is to apply them to the indifvidual signals without any combining, and require that both shall pass. This could apply to EVM and power vs. time mask for instance. The situation gets more complicated for spurious emissions since these are absolute measurements that will be influenced by the power imbalance. The issue of how to average or add spurious emissions is discussed in more detail in [1].
Another approach would be to combine the individual measurements to calculate one pass/fail result. E.g. for EVM the individaul EVM could be averaged, possibly weighted by any power imbalance. For power vs. time, the power curves could be scalar summed, taking into account absolute power levels to generate one waveform for assessing pass/fail limits.
The above is not an exhaustive list of the issues of dealing with a split signal and a single requriement but indicate the need for a thorough analysis of all the issues before decisions are taken for Rel-15.
2.3 Test time issues
Although not a primary driver, the consequence of splitting the uplink signal could mean that some time-consuming measurements currently carried out by a single port analyzer, such as spurious emissions, would have to be done sequentially for each antenna port. This could double test times for tests that currently take a considerable time. Simultaneous measurement is obviously possible but would likely require hardware changes and cost increases to current test systems.
3. Proposals
The above issues are not meant to be exhaustive, but do indicate that before any decisions are made on how to handle transparent TX diversity in Rel-15, a thorough analysis of the consequences on existing Rel-15 validated test systems and test cases needs to be carried out in order to manage the issues related to connectivity, demodulation and measurement.
Proposal 1: Before considering the possibility of transparent TX diversity in Rel-15, a thorough analysis of the impact on currently validated test systems and test cases should be performed in order to assess the implications for connectivity, demodulation and measurement. 
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