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1. Introduction

The provisional MU budget for RTS was approved in [1]. This paper provides further information regarding the analysis of the impact of isolation and pattern error for 
2. Pattern error analysis
For the pattern error analysis, a measured antenna pattern for the recent harmonization campaign was modified by adding amplitude and phase errors using a Gaussian distribution. The device chosen for this analysis was the S6 at P+45 orientation which represents typical device performance from the 32 measured during the campaign being one of the 60 out of 64 cases that reached 95% throughput in all conditions.

The reference throughput without pattern error was measured using a donor UE which was an HTC 331ZLVW. The patterns were then modified in amplitude and phase using a Gaussian distribution. The UE requirements for RSAP and RSARP defined in TR 36.978 are 1 dB and 5 degrees. These are peak values and for the purposes of investigating the impact, this was modelled as a Gaussian distribution with 95% confidence using 0.5 dB SD and 2.5 degrees SD giving peak values in the 1 dB and 5 degree range.
Some example imparied antenna patterns are shown in Figure 1.
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Figure 1. Examples of impaired antenna patterns
Figure 2 plots the variatino in throuhgput for the S6 at P+45 for two different peak phase errors of 10 degrees and 20 degrees against peak emplitude erros from 0 to 10 dB. The UMa channel model was chosen as being more demanding on the UE receiver.
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Figure 2. Impact of phase and amplitude errors on S6 P+45 for UMa
It can be seen from Figure 2 that due to the subframe length of 20,000 around +/- 0.25 dB of noise is seen in the results which makes finding the point where throughput starts to be affected by pattern error a little difficult. For that reason a trend line of order 2 was added to the figure. In general it can be seen from Figure 2 that the throughput is very robust against pattern errors. For an error of up to 2 dB peak with either 10 degrees peak or 20 degrees peak the throughput is not noticeably affected beyond the observed noise in the trace.
This results is well within the expectations when setting the UE requirements in TR 36.978 at 1 dB and 5 degrees peak respectively. In the current MU budget a figure of 0.2 dB is allowed for this MU element at 1 dB and 5 degrees which is seen to be conservative based on the results in Figure 2. It may be that with further analysis e.g. with longer measurement times to reduce noise, the 0.2 dB figure can be reduced, or the UE requirement relaxed to perhaps 2 dB / 10 degrees. For the now the provisional analysis in the MU budget is left unchanged.
3. Isolation error analysis
Figure 3 shows an analysis of the impact of isolation error on throughput for the Motorola 1096 at P+45 orientation. The results are for 20,000 subframes averaged across 12 azimuth positions. This device pattern represents typical device performance from the 32 measured during the recent harmonization campaign being one of the 60 out of 64 cases that reached 95% throughput in all conditions.
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Figure 3. Impact of degraded isolation on throughput for UMi and UMa

The value of 20.5 dB isolation was the best achieved for the donor UE which was an HTC 331ZLVW without a more extensive search. This value is sufficient to demonstrate the impact of lower isolation. The graphs in Figure 3 were created by starting with the ideal isolation then modifying the transmission matrix with errors in order to get lower isolation which was verified by power measurements between the receivers. 
For UMi, throughput measurements were carried out from 20.5 dB isolation to 6 dB. Due to the subframe length of 20,000 around +/- 0.25 dB of noise is seen in the results which makes finding the point where throughput starts to be affected by isolation a little difficult. For that reason a trend line of order 2 was added to the figure. From this trend line it can be seen that the throughput starts to be affected at around 16 dB isolation with an error of around 0.2 dB at 15 dB. This observation holds for the 70%, 90% nd95% curves. This is consistent with the figure in the current MU budget [1], At higher isolate levels e.g. 18 dB the error tends to zero and it is an option to consider a higher isolation threshold for a lower MU. However, given the RSS nature of this MU element, it is probably appropriate to leave the current figure of 0.2 dB @ 15 dB isolation for now.

The figures for UMa show a very similar trend although due to lack of time the isolation was only degraded to 14.7 dB. A complete set of figures for UMa will be presented in an update.
Figure 4 also shows the throughput curves which demonstrate that degraded isolation is not having any appreciable impact on the throughput slope.
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Figure 4. Throughput curves for vs. isolation for UMi
4. Conclusion
The analysis provided here justifies the provisional figures used for the MU elements in [1], indeed this analysis suggests the figures are somewhat conservative, particularly for the pattern error MU which could result in a reduction in the 0.2 dB MU or an increase in the UE RSAP RSARP requirements from 1 dB 5 degrees peak to 2 dB 10 degrees peak.
For now it is proposed to leave the MU budget unchanged until more analysis can be carried out.
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