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1 Introduction
The issue of TAE for the AAS has been discussed for some time, now that we have a definition for the AAS-ETAC almost approved, it seems that this may be useful in  helping define the TAE requirement.
This paper explores the possibilities for a meaningful TAE requirement and test for an AAS.

2 Discussion

The TAE requirement in 36.104 is defined as follows:

This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. 

Frames of the LTE signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.
It is worth noting that the requirement is the timing difference between 2 signals. To test this requirement 2 different signals are applied  (p1 and p2 in 36.141) and the timing difference between them is measured.
The test is also done at full power.

2.1 Test coverage

The test as defined will measure timing errors due to all parts of the system, BB, Interface and RF. 
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Figure 1. Non-AAS System showing BB, Interface and RF components 

Generally it is assumed that errors will not occur in the BB part or the interface as these are digital and unlikely to change. However the RF part is subject to group delay variations due to variations in for example; temperature, gain, frequency etc. The RAN4 xx.104 requirements also tend to focus on the RF requirements, so it is assumed that the TAE requirement is based on the TRX variation alone.

2.2 AAS

In an AASA the 1:1 relationship between the BB signal and a TRX antenna connector no longer exists. Hence it is difficult to see how 2 BB signals can be generated and passed through the TRX unit array and the time difference between them quantified (at least using conducted measurements).

Even using a simple system with a 1:1 mapping between AAT-ETAC and groups of transceiver units (such as example 1 from  [1]) poses a problem.
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Figure 2. AAS system from example 1. With 2 TAE test signals

In this case 4 TRX units generate each BB signal, hence the question arises , what time difference is important.

In this case there are 2 distinct time differences

1. Time difference between different AAA_ETAC or different signals – this can only really be quantifies once the signals are combined.

2. Time difference between different TRX units in the same group. This difference will affect the beam coherence.

The current requirement for TAE is 65nsec. In phase coherence terms this represents a very large phase error.

1°=1/(2e9*360) = 1.4psec, so 65nsec = 46800°

Of course to form a beam (for a single AAS-ETAC) it would be expected the RF signals from each of the TRX units would be with a much closer window than this possible ±10° (for example). Hence measuring that they are within such a large error would be meaningless.

Delay of the RF however is perhaps not the only issue, if the RF parts of the TRX units were matched and the BB suffered variation, the 65nsec delay would represent a phase change in the BB signal not one be in the RF. 

If the BB signal were worst case 20MHz then the phase change would be:


1°=1/(20e6*360) = 14nsec, so 65nsec = 468°
This is still a huge phase variation and would lead to a loss of beam coherence.
So it is clear that if the AAS can form a beam then testing the TRX’s for a 65nsec delay is a meaningless requirement, the actual performance of the system is likely several orders of magnitude greater than this.
If it is accepted that the RF performance to form a beam negates the need for a TAE requirement then, it may still be argues that the BB and interface may influence the timing relationship between different beams (or AAS-ETAC’s).

If this is the case, and we have conceded that the RF performance between TRX units in a group is controlled by the beam forming properties, then it is only necessary to test the time delay between a representative transceiver unit from each group (or responsible for each AAS-ETAC).
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Figure 3. TAE for AAS using 2 representative TRX units for example 1 and 2 implementations
This method would test the variation delay between all parts of the system with the exception of the RF transceiver units in each group.
3 Summary

The TAE requirement has been discussed with respect to the AAS-ETAC definition and the concept of beams.

A simple analysis has shown the requirement to form beams coherently requires a far greater phase and time accuracy between the transceiver units in each group than that required for the TAE.

This leaves the following options:

If TAE is still required to test BB and interface timing accuracy

· Use a representative TRX unit from each group responsible for the AAS_ETAC and test the TAE between those 2 connectors

IF TAE is only needed to test RF delay variation

· TAE requirement is not necessary at all.

The 1st option is perhaps preferable as if the AAS is a similar system to a non –AAS and  does not form beams using multiple Transceiver units (i.e. a single transceiver unit per AAS-ETAC) then it will require a similar TAE test to the current xx.104 requirement. Option 1 achieves this.

The alternative to this is to test the timing accuracy between all TRX in each group, this is is a lengthy procedure and ultimately not considered necessary.
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