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1 Introduction

The issue of intra AAS BS transmitter intermodulation has been close to completed. The remaining outstanding issue is the identification of the interfering signal type. In RAN4#76bis, there was a contribution containing a discussion on different candidates for this  [1], but that document was only an initial discussion, and aimed at correcting text related to other problems. This document aims at continuing the discussion by investigating one of the candidates mentioned in [1] with respect to the requirements that are reasonable to put on such an interfering signal.
2 Discussion on choice of candidate
In [1] it is noted that testing for intra array signal leakage transmitter intermodulation can be omitted under certain conditions. It is assumed that the AAS BS is operating in similar conditions for both co-location and intra requirements. Therefore it is proposed that the wanted signal for the two cases shall be the same.

Thus the output signal to be used under the test of intra AAS intermodulation performance is defined through test model and test configurations already defined for co-location transmitter intermodulation testing.

Also in [1], it is identified that there are two important properties besides the power level, attributed to the interfering test signal:
1. “The wanted signal and the interfering signal in a corresponding test would thus be within the bandwidth of the same carriers.” 
2. “The wanted signal and the interfering signal would have the same waveform characteristics, but they would be non-coherent.”

These properties provide good guide line when defining the interfering signal to be used in the test. The following four suggestions are discussed:

Tiny frequency offset – where the interfering signal is essentially identical with the output signal , but offset in centre frequency with an amount allowing it to remain inside the channel allocations for the respective carriers constituting the signal. Whilst this signal has technical merits in that it can mimic the actual effects of intra-array leakage it does not fully fulfil the 0 Hz frequency offset currently stipulated by TS 37.105. Hence it is dismissed for all practical purposes.
Output signal inverted spectrum used as interfering signal – Whilst apparently exotic as approach, this model appears one of the most promising, both in terms of complexity, and in terms of fulfilling the two criteria cited above. This method will be subject to further study below.
Identical signal with time difference - Using identical wanted signal and interfering signals does potentially create a coherence situation (which would reduce the severity of the test), so this approach requires control of the synchronisation between the wanted signal. Therefore it is dismissed.
Different signal data loaded on the TM of the wanted and the interfering signal – This has been the traditional way of creating uncorrelated signals in RAN4/RAN1. It can be said to be a proven method, but will require substantial efforts. Initial investigation on the PN sequences used, suggest that the correlation has cyclic behaviour, and whilst the correlation may be as low a 0.3 for large set of time relations, there are particular time relations where the correlation goes up in the region of 0.8. It is therefore expected that this method will require synchronisation between the output signal and the interferer in order to make the test result reproducible. This method is therefore also dismissed in this contribution.
3 Evaluation of candidate
To let the interfering signal be the wanted signal inverted base band spectrum in not as farfetched as it is uncommon. 
Since the test models are symmetric around the carrier frequency, this method will fulfil the first criterion in section 2 above. 
It is rather simple to implement in the current signal generators – it only takes complex conjugating the samples of the base band signal before up-conversion. The coherence of the test models with their inverted spectrum signals is by definition low for a modulated signal since the signal is created by inverse phase modulation.

This can represent a new principle of defining the interfering signals, since it does not correspond to an actual RAT signal the way normal TM do. However, it can be said that also reverted spectrum represents a phase shift in the wanted signal, and thus also mimics the real situation the test is intended to correspond to. Therefore it can be said that this definition of the interfering signal follows the tradition of TM implementation. (In the same tradition are CE used to model interference by narrow band signals.)
Another very interesting aspect of this approach is that by one simple definition, will the test signal be defined for all current and likely to come output signal types. New RATs will require new test models, but once these are defined, the interfering signal will be ready to use. (As opposed to the case where an orthogonal data sequence need to be invented for the payload.)

There are however issues that deserve further scrutiny before the candidate can be accepted as the interfering signal:

· The peak power of a signal will coincide in time with the peak power of the same signal of inverted spectrum. There has been raised concerns that this may cause effects similar to the problem of using identical output signals and interferers.
· It is also clear that an inverted spectrum will cease to offer non-coherence at some bandwidth, as best illustrated by the CW, which will be a phase inverted copy of itself, and therefore still be coherent. With the possible advent of new narrow band carriers, it is important to verify that the non-coherence is sufficient for simple narrow band modulations.
In the following, some simple analysis will be performed for the two cases of :
A
A simple QAM modulation baseband and its interaction with its inverted spectrum. This is intended to model a narroa band signal.

B
A base band signal consisting of noise, which is a fairly good estimate of modern broadband RAT signals.
When evaluation the impact of the different interfering signals it is important to keep in mind what the effect of the interferer may be. There are essentially two mechanisms that can be said to be two aspects of the interfering mechanism. The interfering voltage may serve like a varying load pull (or fixed if the interferer is the same as the output signal). This will affect the transmitter capability to deliver power into the antenna. Another aspect is that the interfering voltage may affect the bias point of the transmitter, this creating an unwanted modulation effect.  The ideal test signal provides test for both these aspects. This requires that the interferer varies its voltage difference to the voltage of the output signal over time.

4 Broad band signal model test

In the following, simple Matlab code is used for the evaluation. A random modulation is created by creating two real matrices with one million samples each, A and B. An output signal is created by adding them with B multiplied by i.

C = A + i*B. It follows that the inverted spectrum can be constructed as D = A - i*B. The two spectra can then be compared in time and frequency, to evaluate whether the criterion are fulfilled. Some matlab text and graphs are collected in Annex A of this document.
A noise like modulation (very similar to OFDM) proves to be non-coherent and of approximately the same PAPR when the symbol sequences are added to their complex conjugated with varying symbol sequence delay. Their spectral properties are similar and they share the same centre frequency. Hence it can be concluded that for complex (noise like) broadband modulations, which have band noise like properties, the use of inverted spectrum as an interfering signal is suitable.

5 Simple signal model test

A similar exercise to section 4 above is made in Annex B. Here a QAM modulated random symbol sequence is investigated along the lines described above.
The simple QAM modulation is more sensitive to the synchronisation of the symbol sequences of the output signal and interfering signal respectively. With complete synchronisation, the result will be a constant load pull, whereas for any other symbol sequence time relation, the loadpull will vary.

The single QAM carrier is likely to be an extreme situation for AAS BS operation. More likely is that there will be several carriers in the output signal. A way to alleviate the synchronisation problem is then to let the interfering signal be the inverted spectrum of the composite output signal instead of the inverted spectrum of each individual carrier. This will give the signal the complexity needed to apply the results from Annex A.
6 Conclusion
· Inverted spectrum is very simple to implement and can be implemented on every output signal.

· Inverted spectrum to the output signal are excellent interferer signals for intra AAS transmitter intormodulation testing where the output signals are complex noise like signals like UTRA or E-UTRA signals.

· For complex signals, there is no requirement of synchronisation  between output signal and interferer if inverted spectrum interferers are used.
· Very simple output signals like QAM modulated signals without sub-carriers are sensitive to fully coinciding symbol sequences (and corresponding complex conjugate) in the interferer. Here, either the signal must be controlled to have their symbol sequences out of sync. Or the inverted spectrum can be created on te composite output signal (instead of per carrier.

· It is recommended to define the interfering signal as the inverted spectrum of the composite output signal used for the test.
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8 Annex A Noise like modulation
Matlab exercise to evaluate noise like signals:
Create signals:

>>A=rand(1000);

>> B=rand(1000);

>>A= A-0.5;

>>B=B-0.5;

>> C=A+i*B;

>> D=A-i*B;

Plot C and D to verify that the amplitudes coincide.

>> plot(abs(C(1,:)),’r’)

>> hold on

>> plot(abs(D(1,:)),'b')
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Figure 1. the absolute of A (red) and the absolute of B (blue) plotted.Since no red trace can be seen, it can be concluded that the two amplitude overlap totally (at least for the first 1000 samples) when started at the same time.

>> figure

>> plot(abs(2*A(1,:)),'k')
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Figure 2. The black trace shows 2 times A. This is equal to the absolute of (C + D). The result of adding spectrum with its inverted spectrum does not create peaks that coincide with the peaks of the sole spectrum itself.
>> figure

>> plot(abs(D(1,:)-A(1,:)),'g')
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Figure 3, the  absolute of (C – D) in green. This is the same as the absolute of B times 2. This is the difference between the output signal and the interferer with inverted spectrum (if they have the same amplitude.)
Comparing figures 1, 2 and 3 which are all combinations of the same two signals, we can conclude that the fact that the peaks of a signal and its inverted spectrum signal coincide in time (in the sense that the symbol coincides with its complex conjugate symbol), does not imply that the result will be a constant load pull (as might be the case with a CW). This shows that the inverted spectrum with noise like properties will have similar noise like properties and will be incoherent if started in synchronisation.

Verifying that the spectra are indeed inverted:

>> f1=linspace(-500,500,1000);
>> plot(f1,abs(fft(C(1,:))))

>> hold on

>> plot(f1,abs(fft(D(1,:))),'r')
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Figure 4, amplitude spectrum of C (blue) and D (red). Arbitrary units. It can be seen tha that espectra are indeed inverted versrions of each other.

Above it has been shown that the inverted spectrum signal in non-coherent to the non-inverted one, when the (random) symbol sequences are equal (but complex conjugated). We now study the impact of random unequal sequences (by moving one signal forward in steps of 1000 symbols before addition) at the expected level differences by multiplying the interferer by approximately sqrt(1000) to get the proper amplitude for -30 dB power level.
>> figure

plot(log10(abs(C(2,:)+0.03*D(1,:)).^2))

hold on

plot(log10(abs(C(3,:)+0.03*D(1,:)).^2),'r')

plot(log10(abs(C(4,:)+0.03*D(1,:)).^2),'g')

plot(log10(abs(C(5,:)+0.03*D(1,:)).^2),'m')

plot(log10(abs(C(6,:)+0.03*D(1,:)).^2),'c')

plot(log10(abs(C(7,:)+0.03*D(1,:)).^2),'y')

plot(log10(abs(C(1,:)+0.03*D(1,:)).^2),'k')
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Figure 5, 10log amplitudes squared. Y axis multiplied by 10 gives dB. The seven traces give very similar impression, suggesting that synchronisation will have little or no impact on the load pulling effects from the inverted spectrum signal.
Searcing out the maximum values in each of set of 1000 symbols and looking for the peak variation.

>> MAX = max(log10(abs(C(:,1:end)+0.03*D(:,1:end)).^2));

>> max(MAX)

ans =  -0.3016

>> min(MAX)

ans =   -0.3555

>> max(MAX)- min(MAX)

ans = 0.0539

The peak variation in 1000 arbitrary sets of 1000 random symbol sequence additions where the inverted spectrum is -30 of the non-inverted is thus 0.54 dB.
>> figure

>> plot(MAX)
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Figure 6, peak amplitude squared over 1000 sequences of 1000 symbols.

A noise like modulation (very similar to OFDM) proves to be non-coherent and of approximately the same PAPR when the symbol sequences are added to their complex conjugated with varying symbol sequence delay. Their spectral properties are similar and they share the same centre frequency. Hence it can be concluded that for complex (noise like) broadband modulations, which have band noise like properties, the use of inverted spectrum as an interfering signal is suitable.
9 Annex B simple modulation
To investigate a simple modulation, we create a sequence of QAD modulated sequences:

>> QADA = randi(2,1000)-1.5; 

>> QADB= randi(2,1000)-1.5;

>> QADC = QADA+i*QADB;

>> QADD = QADA-i*QADB;

QADC is now a QAD modulated random symbol sequence and QUADD its conjugate sequence.

Studying the spectrum;

>> f1=linspace(-500,500,1000);

>> plot(f,abs(fft(QADC(1,:))))

>> hold on

>> plot(f1,abs(fft(QADD(1,:))),'r')
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Figure 1, showing spectrum of QADC (blue) and QADD (red). They are each other’s inverted spectrum.

>> plot(QADC(1,:))

Gives the constellation diagram for QADC, showing proper QAD modulation.

[image: image8.png]



Figure 2, showing QADC in complex plane. Very clean QAM with random symbol sequence. 

QADD gives the same constellation diagram but with opposite rotation.

Looking at the absolute amplitude of the addition of the wanted signal and the interferer it can be seen that the likelihood of complete cancellation is substantially increased for a very clean single modulation where synchronisation in symbol switching is ensured.

>> plot(abs(QADC(1,:)+QADD(1,:)),'b')

>> hold on

>> plot(abs(QADC(2,:)+QADD(1,:)),'r')

>> plot(abs(QADC(3,:)+QADD(1,:)),'g')

>> plot(abs(QADC(4,:)+QADD(1,:)),'c')

>> plot(abs(QADC(5,:)+QADD(1,:)),'m')

>> plot(abs(QADC(6,:)+QADD(1,:)),'y')

>> plot(abs(QADC(7,:)+QADD(1,:)),'k')

Gives the following figure:
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Figure 3, showing absolute amplitude of wanted signal and added inverted spectrum of the same amplitude. 
Three distinct levels can be observed: 0 occurs when the two signals cancel (i.e. both real and imaginary parts cancel), 1 occurs when either the real or the imaginary part cancel and the other adds constructively. Finally, SQRT(2) occurs when both and imaginary and real parts add. It should be noted that perfect synchronization in symbol order will result in real parts adding and imaginary parts cancelling.

Going logarithmic:

>> plot(log10(abs(QADC(4,:)+1*QADD(1,:)).^2 +0.000000000001),'c')

>> hold on

>> plot(log10(abs(QADC(3,:)+1*QADD(1,:)).^2 +0.000000000001),'g')

>> plot(log10(abs(QADC(2,:)+1*QADD(1,:)).^2 +0.000000000001),'r')

>> plot(log10(abs(QADC(1,:)+1*QADD(1,:)).^2 +0.000000000001),'b')

Resulting in the figure below:
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Figure 4, showing the amplitude squared with arbitrary normalization (same as for noise signal). 

It can be seen that the peak power is 3 dB above the average power except for the full synchronization where the peak power coincides with the average power. The big difference compared to noise is the cancellation resulting in considerable dips in power over certain figures. This figure is shown below with a different time scale.
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It can be seen that the peak power is 3 dB above the wanted signal (which is expected with two signals of the same amplitude. Adding power from the output signal and the interferer is not appropriate for estimating the effect of the combination of the output signal and the interferer. The interaction between the signals will be like a varying load pull, unless the signals are fully synchronized, in which case the load pull will be constant.  

The simple QAM modulation is more sensitive to the synchronisation of the symbol sequences of the output signal and interfering signal respectively. With complete synchronisation, the result will be a constant load pull, whereasfor any other symbol sequence time relation, the loadpull will vary.







































































































































































































































































































































































































































