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1. Introduction

This paper takes a further look at the results published by CATR [1] from the harmonization campaign. 
Due to expected arrival of new results this paper may be updated prior to the meeting.
2. Results analysis
A preliminary analysis of anechoic results from the harmonization campaign is in [2].
During the harmonization campaign the anechoic methods (MPAC) both tested the same four devices in 8 orientations and two channel models leading to 64 different combinations. 
Averaging all 8 orientations per device yielded a difference between the methods of 0.55 dB for UMi and 0.83 dB for UMa.

By orientation, the 32 UMi results fell within a range of -0.68 dB to 1.43 dB. A further 27 UMa results fell within a slightly wider range of -1.71 dB to 1.69 dB. The remaining five results are outliers of -4.13 dB, -3.2 dB. -2.81 dB, 2.35 dB and 2.59 dB.
In considering the type of testing being carried out it is not a surprise that there are outliers between the methods since the type of testing that is being performed is in many cases pushing the UE to the limit of its capabilities by using a highly correlated channel model that prevents some devices from reaching target throughput above 70%. In such circumstances it can be expected that very small changes in the test conditions can make a large difference in the measured RS_EPRE for a given throughput, particularly when the slop of the curve is very flat.
To further investigate the results, two of the proposals in [3] for RTS are investigated further: first stage pattern error analysis on bad devices and second stage isolation level analysis on bad devices.

2.1 Pattern error analysis

To investigate the possible impact of pattern error on method differences the patterns from the two UMa outliers were further analyzed. The chosen patterns were the S4 L0 at -4.13 dB difference and the S6 P+45 at -3.2 dB being the two largest outliers.
Figure 1 shows the pattern error analysis for the S6 P+45 and Figure 2 for the S4 L0. The methodology for impairing the pattern error was as described in [4].
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Figure 1. S6 Edge P+45 UMa throughput vs. peak dB pattern error 
for 10 and 20 degrees peak pahse error
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Figure 2. S4 L0 UMa throughput vs. peak dB pattern error 
for 10 and 20 degrees peak phase error

Up to around 4 dB peak amplitude error for both the 10 and 20 degree peak phase error cases there is little to distinguish between the patterns. In both cases at these heightened levels of pattern error the effect on throughput is only around 0.5 dB, and that error is mainly the repeatability of the test system for 20,000 subframes. The actual pattern error will be below 1 dB and 5 degrees. It would therefore be reasonable to conclude from these two examples that for these two worst case outliers, pattern error is not a significant factor that can explain differences in the order of 3 dB or 4 dB between methods.

2.2 Isolation error analysis

The impact of second stage isolation for typical performing devices was studied in [4]. The results for the typical performing 1095 at P+45 are shown in Figure 3.
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Figure 3. Impact of degraded isolation on throughput for UMi and UMa 
(Motorola 1096 at P+45)
 The conclusion in [4] from these results is that isolate has little effect on typical devices down to around 14 dB. Figure 4 carries out a similar analysis on the P0 orientation of the same device which was one of the five outliers having a -2.81 dB difference.
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Figure 4. Impact of degraded isolation on throughput for UMa 
(Motorola 1096 at P0)
Figure 4 shows that for isolation values between 24 dB and 16.5 dB the throughput degraded by less than 1 dB. Again, test system repeatability is significant making it difficult to detect small changes in performance just due to the change in isolation.
Figure 4 does not however show the whole picture since at lower levels of isolation the UE was unable to reach 70% throughput. Figure 5 shows the throughput curves that were measured.
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Figure 5. Throughput for UMa vs. isolation 
(Motorola 1096 at P0)
It can be seen for the isolation levels below 16 dB that the UE does not reach the 70% target value. At low levels of isolation the effect is to flatten the throughput curve. That said, above 16 dB isolation there appears to be no significant impact on throughput that would explain a -2.81 dB difference at this orientation between methods.
Note: The double isolation values in the legend of Figure 5 represent the actual values per stream. It is not possible to directly select the isolation on each stream. Figure 4 plots the average isolation.
3. Antenna pattern and signal analysis
In section 2.5 of [3] it was proposed to study the characteristics of known antennas towards the prediction of expected behaviour. One method for doing this is to measure reference antennas whose patterns can be independently verified through passive measurements. It was hoped that such measurements would have been available for RAN4 #7 but at the time of this writing they are not.

However, it is possible to make some progress on understanding expected performance. One of the attributes of the RTS method is that the antenna pattern is known to within the accuracy defined in the RSAP and RSARP requirements being 1 dB and 5 degrees peak. From [4] it can be seen that such errors have minimal impact on throughput.

It is therefore interesting to analyze attributes of the devices that showed good alignment between methods and those that showed larger errors. For example, the S4 UMa results [1] for P0 were -87.4 dBm for both methods while at L0 MPAC measured -89.5 dBm and RTS -85.4 dBm which is a 4.1 dB difference. Figures 6 and 7 show the gain and relative phase for the S4 at P0 and L0.
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Figure 6. S4 antenna patterns at P0
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Figure 7. S4 antenna patterns at L0

The first point to note is that little can be gleaned from just examining the patterns themselves.

To gain further insight into performance it is necessary to go beyond pure antenna statistics and look at how the end to end signal presented to the UE receiver looks. This takes into account the Tx antennas, the channel model and the Rx antennas. Such antenna and signal analysis for the reference antennas has been presented before in [5]. Statistics that can be examined include total received signal gain, signal branch imbalance, the channel condition number and the Tx and Rx elements of the signal co-variance matrix.

Figure 8 shows the total received signal gain and the signal branch imbalance for the S4 with UMa at P0 and L0.
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Figure 8. S4 antenna gain and branch power imbalance for P0 and L0
The signal gain for P0 is around -9 dB while L0 is around -5 dB. Looking at the throughput results, MPAC performance at L0 got 2.1 dB better than P0 while RTS got 2 dB worse, so clearly the signal gain is not telling the whole story for MPAC and is contra-indicated for RTS for P0.
Figure 9 shows the condition number for the same P0 and L0 orientations with UMa.
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Figure 9. S4 channel condition number for UMa at P0 and L0
The condition number represents the ratio of the Eigenvalues in the channel matrix. The ideal value is 0 dB indicating the matrix is balanced on the diagonal which is the optimal condition for demodulating the MIMO streams. Higher values indicate that a higher SIR will be required to demodulate the MIMO streams. From Figure 9 the average condition number for P0 is around 25.5 dB and for L0 is higher at around 30 dB. This difference suggests the L0 orientation would require approximately 4 dB more SIR to demodulate the signal than in the P0 position. This is the opposite indicator to the simpler metric of total signal gain since it indicates that for MIMO purposes, the L0 orientation is 4 dB worse than P0 whereas just considering signal gain, that difference was reversed with L0 having around 4 dB more power than P0.
Although the change in condition number suggests L0 should perform worse than P0 it is interesting to look at the variation in condition number by azimuth in Figure 9 and compare it to the variation in throughput by azimuth in Figure 10. The condition number shape is contra-indicated with the throughput shape for P0 and L0.
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Figure 10. S4 UMa throughput by azimuth for RTS (circles) and MPAC (crosses) at P0 and L0
Final metrics for analysis are the channel matrix values between the BS and the UE. The four signal paths – including the effect of the transmit and receive antennas – are shown in Figure 11.
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Figure 11. Signal paths
The signal correlation at the UE receivers from BS1 is denoted by (2,1) and the transmit correlation for UE1 is denoted by (3,1). Figure 12 plots these values for the S4 UMa at P0 and L0.
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Figure 12. S4 UMa Transmit (3, 1) and Receive (2, 1) correlation at P0 and L0
From Figure 12 it can be seen that the shape and sense of the receive side correlation closely matches the throughput curve variation. The transmit correlation is high around 0.96 and flat. For L0 the transmit correlation is even higher at around 0.985 and it may well be this attribute of the signal that is leading to the change in condition number seen in Figure 8 that may be driving the difference in measured throughput.
4. Conclusion
This paper has looked at the AC harmonization results and fond 59 out of 64 to be within good alignment between MPAC and RTS. Further analysis was then done for some of the five outlier results. Two of the possible RTS impairments identified in [3] have been investigated and it appears that the throughput sensitivity to pattern error and the throughput sensitivity to isolation error on both aligned and non-aligned results do not adequately explain the observed differences making these unlikely candidates for the differences. The paper then looked at attributes of the good and bad antenna patterns and signal attributes to identify other possible indicators into performance differences Condition number and signal correlation appear to be of interest although it will be necessary to study more examples before any conclusions can be drawn. Future analysis of reference antennas may help in this regard.
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