3GPP TSG-RAN WG4 Meeting #78 
R4-161069

St. Julian’s, Malta, 15 – 19 February, 2016
Source:

Keysight Technologies
Title:
Root cause analysis of AC method differences
Document for:
Discusson
Agenda Item:
6.3.3
1. Introduction

The results from the 3GPP harmonization campaign [1] have been studied in several contributions [2], [3]. In general the alignment between RTS and MPAC is very good and in some cases extremely close but there have been some outliers identified at one orientation for each of the four devices tested. Various theories have bene put forward for this in [2] and this paper analyzes the impact of using a correlation-based rather than geometric-based SCME channel model implementation.
2. Background
The existence of two different SCME channel model implementation has bene recognized for some time and is document in TR 37.977 [4]. The channel model validation results in [4] show very similar results for spatial correlation, PDP and XPR with an expected difference in Doppler spectrum whereby the correlation-based channel model implementation produces the classic Jake’s Doppler spectrum rather than the more unique spectrum of the geometric “sum of sinusoids” implementation. It has long been assumed that these implementations of SCME UMa and UMi are equivalent and indeed the evidence from [1] cites examples where the difference between the RTS results using the correlation model and the MPAC result using sum of sinusoids are so close as to defy any alternative explanation than equivalence. Some examples of equivalence across azimuthal variations are shown in the following figures.
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Figure 1. Examples of absolute agreement between RTS and MPAC by azimuth
If there were any systematic differences between the correlation implementation and the geometric implementation such alignment across azimuth for the cases in Figure 1 would not be possible.

However, the results from [1] did identify five out of 64 results by orientation where the difference between RTS and MPAC was larger than expected and explaining this has been the subject of ongoing investigations.

The results in [1] showed that MPAC and RTS aligned perfectly for UMa P0 but for L0, MPAC got 2.1 dB better while RTS got 2.1 dB worse. This was the most extreme result of the 64 and this antenna pattern is  the focus for further study. In [5] Spirent provided conducted results using an S4 and the RTS patterns measured by CATR in the August harmonization campaign. This found that there was a 2.7 dB improvement from P0 to L0, tracking well with the 2.1 dB seen in the radiated results of [1]. This conducted experiment was repeated by Keysight and it was found that the L0 performance continued to get worse by around 2 dB.
This set of conducted results moved the investigation from being a possible radiated difference in methods to one of conducted results with the most likely target being the channel model implementation which was known to be different. During the analysis of the channel model the first question was to examine the correlation vs. geometric results in the UXM base station emulator with internal channel emulator. These confirmed that for both correlation and geometric implementations the L0 result was still worse by 2 dB. Further investigation of the UXM geometric implementation then led to a new piece of information that provided the next lead in finding the root cause.

It has long been understood that in the definition of the SCME channel model in [6] the choice of random polarization phases of the 20 sinusoids for each cluster has to be carefully chosen in order to generate the expected channel statistics which are validated using a vertical dipole as defined in [4]. The impact of phase selection was studied in [7]. An alignment process was carried out some time ago between the existing channel emulator vendors which resulted in the aligned results seen in [4] for the reference dipole.
In the correlation implementation there are no random phases to select and the throughput result has been shown to align with the central value of the performance spread seen from multiple instantiations of the 20 sinusoid geometric model when phases are chosen randomly. Given the expected equivalence of the correlate and geometric models the implementation of the geometric model in UXM used an algorithm to select starting phases that minimized the performance differences with the correlation-based model. This algorithm was used in the most recent geometric channel model validation results presented in [8] and in CR form in this meeting in [9]. These results show excellent alignment with the two existing geometric implementations in [4] indicating that the geometric model has been correctly implemented.
The algorithm used to align the geometric implementation with the correlation implementation makes use of the UE antenna pattern which is available since this is an RTS test system which needs knowledge of the UE antenna pattern as part of the process. In the case of the channel model validation, the phase selection algorithm used knowledge of the pattern of the reference dipole used to perform the validation, and the results were very good. It is known that the expected channel model statistics vary depending on the antenna used for measurements so this step of providing the dipole antenna pattern to the phase selection algorithm was necessary. 

The new piece of information that has come to light in recent days is that in order to maintain parity with the correlation-based model, the UXM geometric model continued to use knowledge of the receiving antenna pattern in order to select the starting phases. In the case of the channel model validation this was not an issue since all methods used the same reference dipole. However, when it comes to generating the channel for an arbitrary receive antenna, the geometric algorithm continued to make use of the measured antenna pattern in order to minimize the performance differences with the correlation model. This then leads to the observation that the geometric channel model being generated by the RTS test system is only the same as used in MPAC – which has no knowledge of the UE antenna pattern – when the test device is a reference dipole. When different receive antennas are used for an MPAC system, the channel model continues to be generated the same way – optimized for the reference dipole used for the validation. But in the RTS system, the channel model starting phases vary depending on the knowledge of the UE receive antennas – something that is not possible to do in an MPAC system.

The reason for this variable implementation of the geometric model was in order to maintain equivalence with the correlation model, thought to represent the central value of the range of possible performance when randomly setting the sum of sinusoids starting phases. It is then reasonable to assume that there will be certain combinations of antenna patterns and channel model where the correlation-based implementation will diverge from the geometric implementation optimized for a fixed antenna pattern.
To test this hypothesis the RTS geometric channel model was modified to remove knowledge of the measured UE antenna pattern and that pattern was replaced by the reference dipole in order to match the assumptions used in the MPAC systems. Due to lack of time and the Chinese New Year it was not possible to test this hypothesis at CATR with the campaign devices, however, it was possible to run a conducted experiment similar to the one in [5] using both the correlation implementation and a geometric implementation with a fixed dipole antenna pattern assumption. As with [5], it was not possible to use the identical device. Spirent had access to a different S4 however that model was not available at the location of this latest experiment so a different phone model was used leading to some uncertainty. Also due to lack of time only 6 azimuth angles were measured.
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Figure 2. Comparion of results for S4 UMa L0 with different channel models
Figure 2 shows the RTS conducted results for the correlation channel model and the fixed geometric channel model vs. the CATR OTA results for RTS & MPAC. To take account of the different donor device used, both the conducted results have been shifted by the same amount to line up the conducted correlation with the RTS correlated OTA so that the effect of changing to the fixed geometric channel model can be studied. What can be seen is the fixed geometric channel model has shifted the RTS results towards MPAC by an average of 2.25 dB, which is just over half the 4.2 dB difference for this worst case orientation.
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Figure 3. Comparion of results for S4 UMi L0 with different channel models
Figure 3 shows a similar experiment but this time using Umi with the L0 pattern. This was a better orientation for alignment in [1] with RTS being 1.2 dB worse than MPAC. What Figure 3 shows is that for this pattern there is a much smaller shift of 0.23 dB towards MPAC reducing the difference to 0.97 dB.
3. Conclusions
These preliminary results demonstrate that the difference between correlation results and fixed geometric results is a function of the antenna pattern. It is planned to analyse further patterns prior to RAN4 #78 with a possibility of repeating some RTS radiated results with the fixed geometric channel model in CATR’s lab with the original devices.

It is anticipated that changing the RTS implementation to use a fixed geometric model will reduce the RTS/MPAC differences seen in [1] for the few outlier cases.

The implications of these latest findings indicate that further work is needed to align channel model implementations, in particular how different channel model implementations behave with antennas other than the dipole used for the channel model validation in [4].
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