3GPP TSG-RAN WG4 Meeting #78
              
　                                    R4-160637
St. Julian’s, Malta, 15 - 19 February 2016
Source:
Bluetest
Title:
Further Analysis of ADTF Measurements
Agenda Item:
6.3
Document for:
Approval
1. Introduction

As part of the MIMO OTA harmonization testing campaign conducted during the summer 2015, it was agreed to perform ADTF accuracy measurements as a sanity check of the test setups. ADTF measurements were previously conducted in the former MIMO OTA work item with a targeted accuracy of +/- 2.3 dB. The requirements of the sanity check within the harmonization testing campaign were a conducted-radiated alignment within the former results in TR37.977. All of the results for the RC and RC+CE methodologies have been demonstrated to fall within these limits. For the RC+CE methodology a single-sided consistent delta between the conducted and radiated ADTF results has been observed, in the same range as observed for the results in TR37.977. This delta is observed to be constant over frequencies and labs. An analysis of the root cause of this delta has been requested [1].
This contribution provides further analysis of the root cause of this delta. The root cause is explained and verified with measurements and simulations. An updated conducted channel model is also provided, which is verified with further ADTF measurements. Based on these findings, a proposed way forward is provided.
2. Background

An important aspect of the RC+CE setup is the cascading of the two fading environments emulated by the CE and the RC, respectively (see Figure 1). This means that a signal injected into the test setup will undergo Rayleigh fading two times. Hence, the resulting signal level received by a DUT inside the RC will potentially be double Rayleigh distributed. It can be readily shown that the resulting fading distribution is highly dependent on the number of “connections” between these fading sources. In the physical setup this corresponds to the number of cables connected between the RC and the CE. For two Rayleigh fading sources the central limit theorem gives that the distribution will converge to a Rayleigh fading distribution when the number of connections increases to infinity.
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Figure 1   The two fading environments in the RC+CE test setup.
Practically, the sufficient number of connections between the CE and the RC can be determined by studying the CDF of the received signal amplitude. Such a comparison is shown in Figure 2 for different number of connections. As can be seen in this figure, 4 connections provide a close fit to the theoretical Rayleigh CDF. Results such as Figure 2, as well as results from ADTF measurements, were provided in the former MIMO OTA WI and were found to fall within the limits required for methodology validation.
[image: image2.jpg]Cumulative probability

Theoretical Rayleigh

Double Rayleigh (Measured)

RC
RC+CE

Relative rec. power [dB]

2 0 2 4 6





Figure 2   Measured distribution of received signal amplitude for the RC+CE test setup utilizing 4 connections. These results are compared to the double Rayleigh and ideal Rayleigh distributions.
3. Results from the Harmonization Campaign
In the harmonization campaign conducted during the summer 2015 with results provided in [2] and the additional results provided in January 2016 in [3], CATR used a 4 port RC+CE setup technically validated in the former measurement campaign. Also, the model used for the conducted portion of the ADTF testing was the same as described in [4] and used during the former MIMO OTA WI. The results from the ADTF testing also verified that the results fell within the limits for a valid setup (results in the same range as in TR37.977), with a similar consistent delta as seen previously.
In order to gain further detailed understanding of this delta and understand the root cause, it is then necessary to expand the analysis beyond the limits for method validation. To do this, it is appropriate to study the effect on the theoretical capacity curve. Considering a SISO case for simplicity, the capacity equation can be written:
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where B is the signal bandwidth and E[] the expectation. The distribution of SNR will directly affect the capacity of the channel, and this distribution is determined by the type of fading the signal is experiencing.
Now, consider a MIMO system with two fading sources, [image: image4.png]


, where [image: image6.png]


 is an MxN matrix and [image: image8.png]


 is an NxM matrix. The resulting system [image: image10.png]


 has a channel matrix [image: image12.png]


 with dimensions MxM and [image: image14.png]


 with dimensions Mx1. For a 2x2 MIMO system, M=2.

The correlation of the RC fix antennas and the device antennas are considered to be 0 for simplicity. The CE base station correlation (BS) is determined by the channel model, ≈ 0.15 and 0.95 for UMi and UMa respectively. [image: image16.png]


 is applied first on the signal [image: image18.png]


 and will therefore represent the fading in the channel emulator. A covariance matrix for [image: image20.png]


 is created with the BS correlation value inserted. The covariance matrix of [image: image22.png]


 is the identity matrix (assuming no chamber or device antenna correlation). A set of 10 000 channel realizations each is simulated for [image: image24.png]
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 using the covariance matrices. The capacity of the channel is calculated according to
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The capacity is then averaged over the channel realizations to enable presentation of a single value.

Results from simulations using this approach for different number of connections between the CE and RC (denoted RC+CE 2x2, RC+CE 2x4 etc.) are shown in Figure 3 and Figure 4 for the SDLC and HCLD channel models, respectively. The ideal case with one single Rayleigh fading source was also simulated for reference (denoted Cond 2x2). Observe that the capacity was normalized to the 25 dB SNR capacity for the ideal case to enable easy comparison for both channel models. Thus the absolute capacity values cannot be compared between channel models.
The following observations are made from these figures:

· The capacity converges to the theoretical Rayleigh case as the number of connections increase.

· There is a significant effect on the capacity when going from 2 to 4 connections, giving a delta of approximately 3 dB to the theoretical Rayleigh case.
· The difference between the 4 connection case and the ideal case is about 1.1 dB.

· A small improvement can be seen when going from 4 to 8 connections, about 0.7 dB

· SDLC and LDHC channel models provide similar observations
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Figure 3   Capacity simulations for different number of connections between the CE and the RC for the SDLC channel model.
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Figure 4   Capacity simulations for different number of connections between the CE and the RC for the LDHC channel model.
4. Verification Measurements
The observations above indicate that the setup of using 4 connections could be the source for the delta observed for the ADTF measurements, given that the delta is in the same range as observed from the ADTF measurements. In order to verify this, the effect on the final figure of merit needs to be studied. Thus, throughput measurements were performed in the Bluetest Sweden lab utilizing the RC+CE setup with 4 and 8 connections between the CE and the RC (see Figure 6 and Figure 7). These measurements were compared to the results obtained from conducted measurements in the framework of ADTF (Figure 5). A USB dongle operating on band 7 was utilized together with the band 7 nominal reference antenna. Due to the need for an USB connection to the dongle, it could not be placed in the reference antenna RF enclosure, but instead was placed in a shielded box outside the chamber. The loss in the cable connections between the USB dongle and the reference antenna were calibrated out. The eNodeB settings aligned with the settings used by the CATR lab for the harmonization testing campaign.
[image: image32.emf]
Figure 5   Conducted measurement setup.

[image: image33.emf]
Figure 6   OTA measurement setup using 4 connections between the CE and the RC.
[image: image34.emf]
Figure 7   OTA measurement setup using 8 connections between the CE and the RC.
Results from these measurements can be found in Figure 8. The LDHC channel model was used in this case. As can be seen in this figure, there is an offset of 1.5 - 2 dB between the conducted reference and the radiated results for the 4 port setup. However, for the 8 port setup the results align closely to the conducted reference.
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Figure 7   Results from ADTF measurements using 4 and 8 connections between the CE and the RC for the LDHC channel model.
The findings above were also verified with the SDLC channel model in Figure 8. The results obtained with the 8 port setup align closely with the conducted reference.
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Figure 8   Results from ADTF measurements using 8 connections between the CE and the RC for the SDLC channel model.
To gain further understanding, additional testing was performed on 2 other devices and 2 bands comparing the 4-port and 8-port setups. These results can be found in Figure 9 to Figure 11. It is observed from these figures that there is a consistent shift of 1 – 1.5 dB to lower power levels for the 8-port setup for all devices, bands and channel models.
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Figure 9   Comparison of using 4 and 8 connections in the RC+CE setup for Nokia Lumia 830 operating on band 7.
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Figure 10   Comparison of using 4 and 8 connections in the RC+CE setup for the Nokia Lumia 830 operating on band 20.
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Figure 11   Comparison of using 4 and 8 connections in the RC+CE setup for iPhone 6 operating on band 7.

5. Updated Conducted Model
As described above, the CATR lab utilized an RC+CE setup with 4 connections between the CE and the RC in the harmonization testing campaign. In the same time, the conducted channel model was the same as validated in the former WI (described in [4]) and thus did not take into account the cascading of the two environments. In order to refine the accuracy of the conducted model further, beyond the currently agreed limits, based on the findings above it is thus needed to update the conducted model to better align with the radiated setup.

In order to take into account the cascading of the two environments, a 16-port Spirent VR5 was used to emulate two fading channel models. The signal was fed from the eNodeB to the CE, applying the first fading model. This first fading model applied was the SDLC or LDHC channel model, depending on the desired scenario. The same channel properties as used for the original ADTF measurements were used to setup this model. The signal was then redirected from 4 output ports of the CE to a new set of 4 input ports, where a second fading model was applied. This second fading model was setup with the channel properties used for the NIST channel model for the RC methodology. The signal was then fed to the DUT. A schematic picture of this setup can be studied in Figure 12.

[image: image40.emf]
Figure 12   Setup used for the conducted portion of the ADTF measurements with the updated conducted channel model.
The results from these measurements, comparing the conducted measurements to radiated measurements using a 4-connection setup, can be studied in Figure 13 and Figure 14 for the SDLC and LDHC channel models, respectively. It is observed from these figures that there is a good alignment between the conducted and radiated results, with an alignment within +/- 0.5 dB.
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Figure 13   Results from ADTF measurements comparing the new updated conducted model with radiated results using a 4 connection implementation for the SDLC channel model.
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Figure 14   Results from ADTF measurements comparing the new updated conducted model with radiated results using a 4 connection implementation for the LDHC channel model.

6. Conclusions and Proposals
This contribution provides a detailed explanation of the root cause for the delta seen between the conducted and radiated results from the ADTF measurements performed at CATR as part of the harmonization testing campaign. This was verified by both simulations and measurements. From this analysis, it can be concluded that the delta between the conducted and radiated results is due to the use of a 4-port CE setup at CATR. The delta is further within the agreed limits for proof of concept and method validation and is seen to be single-sided and consistent over channel models, bands and devices.
Based on this, the following proposal is to be considered by the group:

Proposal 1: The root cause of the delta seen between the conducted and radiated results for the RC+CE methodology has been explained and verified, thus in line with [1] the ADTF error should be no larger than 1.6 dB.

Furthermore, an updated conducted model was provided to refine the accuracy of the ADTF measurements further, beyond the currently agreed limits. The results from ADTF measurements using this updated model show an alignment within +/-0.5 dB. This further motivates that the delta seen in the CATR ADTF measurements is single-sided and consistent and thus will be calibrated out in the harmonization process. Including an ADTF error term of 1.6 dB will therefore significantly over-estimate the final harmonization MU.
Based on this, the following proposal is to be considered by the group:

Proposal 2: Refine the ADTF error term for the RC+CE to the maximum error seen in the new measurements using the updated conducted model, that is, 1 dB.
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