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1. Introduction

As part of the IL/IT testing activity, labs shall provide a verification of the implemented channel model in the MIMO OTA test system by utilizing an absolute data throughput comparison framework. TR 37.977 outlines this framework, which is based on comparing radiated results to results from conducted reference measurements, where the characteristics of the reference antennas are taken into account. In the current version of TR 37.977 the procedure for the conducted reference measurement includes loading of the reference antenna patterns into the channel emulator and a rotation of this pattern relative to the implemented channel model. The procedure described is valid for 2D channel models. Thus, some aspects of the absolute data throughput comparison framework is still not test agnostic, since the described procedure is not valid for methodologies not limited to a 2D channel model implementation. 
In [2] a generic definition of the 3D isotropic channel model is given. Ideally, this could be used for implementing the absolute data throughput comparison framework in a similar manner as is presently described in TR 37.977. However, channel emulators may not support 3D channel models, which makes it impossible to use a similar approach for 3D channel models.

This contribution suggests a way to perform the absolute data throughput comparison framework using a correlation-based channel model definition, rather than the geometric-based definition. The correlation-based definition will be used to show how the conducted reference channel for the 3D isotropic channel models should be implemented in the channel emulator, taking into account the characteristics of the reference antennas. This reference channel model will be used for verifying the emulated channel model in the reverberation chamber using the absolute data throughput comparison framework.
2. Geometric and Correlation Based Channel Model Definition
A channel model can be defined in two different ways. The geometric-based channel model description is based on defining a set of geometrical parameters, such as angle-of-arrival (AoA) and angle-of-departure (AoD), in a pre-defined coordinate system. These parameters are defined for every instantaneous situation and will indirectly define the correlation matrix of the channel. It is also required that temporal parameters, such as the power delay spread, are defined. This definition is suitable for an OTA test system with a well-defined reference plane, such as anechoic chamber based methodologies with fixed AoAs, and has been used for the SCME UMi and UMa channel model definition in TR 37.977 [1].
The second way of defining a channel model is based on a correlation matrix approach. Using this implementation, the correlation matrix is directly specified and the same detailed knowledge as for the geometric-based implementation of the instantaneous spatial channel conditions is thus not required. Also for this definition the temporal parameters of the channel needs to be defined.
Both ways of defining a channel model are supported by channel emulators and simulation tools like SystemVue [3]. It is possible to translate the geometric-based description to the correlation based description and it has been shown that results converge [3]. However, the geometric-based channel model implementation in equipment may be limited to 2D, whereas using the correlation-based approach also enables implementation of 3D channel models. Thus, implementation of a geometric-based definition of a channel model is only applicable to methodologies limited to 2D, whereas implementation of a correlation-based definition will be applicable to 2D and 3D channel models and will thus be OTA test system agnostic.

3. Using Correlation Based Channel Model Description for Applying Absolute Data Throughput Comparison Framework
TR 37.977 outlines the absolute data throughput comparison framework. In the current description, a 2D rotation of the antenna pattern relative to the reference channel model is applied in the channel emulator. This will account for the rotation of the reference antenna performed in the radiated measurement and thus create the same conditions for the antennas as experienced during an ideal measurement procedure. Since channel emulators may only support 2D channel models, this procedure will not be applicable to methodologies utilizing a full 3D device evaluation. It may not possible to apply a 3D channel model and it may not be possible to rotate the antenna pattern in 3D.
The rotation of the device relative to the reference channel model will induce changes of the signal received at the DUT ports and determine the resulting overall correlation. This correlation is also possible to program directly into the channel emulator, if using the correlation-based approach.
The resulting channel correlation matrix will be a combination of the correlation matrices of the transmitting and the receiving side. If the correlation of the transmitting and receiving antennas can be assumed to be independent, the overall correlation will be given by the Kronecker model. The correlation matrix of the transmitting side will be dependent of the transmitting antenna properties and the characteristics of the propagation channel on the transmitting side. Similarly, the correlation matrix of the receiving side will be dependent of the receiving antenna properties and the characteristics of the propagation channel on the receiving side. When implementing the absolute data throughput comparison framework using the correlation-based method with the base station antenna configuration and SCME channel model definitions in [1], the correlation matrix programmed into the channel emulator should thus be a combination of the resulting base station antenna correlation matrix and the resulting correlation matrix obtained for the reference antennas in the respective channel model.
In addition to defining a correlation matrix, the temporal aspects of the channel model is also programmed to the channel emulator using the correlation-based approach. The channel emulator power delay profile is based on discrete taps and the correlation is set for each of these taps.

4. Absolute Data Throughput Comparison Framework for 3D Isotropic Channel Models
From the discussion above it is obvious that the resulting overall correlation will be dependent on the propagation channel chosen for the measurements. When implementing the absolute data throughput comparison framework for 3D isotropic environments with the correlation-based method, the overall correlation matrix should be the Kronecker product of the base station antenna correlation matrix and the isotropic correlation measured for the reference antennas.

This section will give the details for applying the absolute data throughput comparison framework using the 3D isotropic channel model based on NIST as reference channel model.

4.1 Channel Implementation using Correlation-Based Model
A generic description of the 3D isotropic channel model based on NIST is given in [2]. A channel model definition using the correlation-based approach can be set up using the channel properties described in that contribution. This can be combined with the correlation and efficiency of the reference antennas, to obtain a conducted model for the full channel (transmitter, propagation channel and receiver) for implementation of the absolute data throughput comparison framework.

The power delay profile of the 3D isotropic channel model based on NIST is exponentially decaying with an RMS delay spread of 80 ns. As described in [2], since the channel emulators implement discrete taps, the 7-tap model proposed in [4] was used to approximate this PDP. This 7-tap model is shown in Figure 1 and Table I.
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Figure 1: The 7-tap model used for approximating the exponential decaying PDP for the 3D isotropic channel model based on NIST.
	Table I: The 7-tap model used for approximating the exponential decaying PDP for the 3D isotropic channel model based on NIST.
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Each tap in Table 1 was set using the parameters in Table II.
Table II: Parameter settings for the taps in the channel emulator.
	Parameter
	Setting

	Fading
	Rayleigh

	Fading Doppler Vel.
	1 km/h

	Phase Shift
	0 Deg

	Frequency shift mode
	Fixed

	Frequency shift
	0 Hz

	Fad. Spec. Shape
	Classic 6 dB

	Delay Mode
	Fixed


The antenna correlation was implemented using the correlation matrix. In accordance to the channel model description in [2], the base station antennas were assumed to be uncorrelated. The isotropic correlation values for the reference antennas were used on the receiving side.
The resulting correlation matrix for the channel is given in Figure 2. Since uncorrelated base station antennas are used, the Kronecker product will reduce to the isotropic correlation of the reference antennas. All taps were set to have the same correlation, as expected in the RC when averaging over a sufficient amount of time.

	[image: image2.png]h1t

h21

h12

h22





	h11 
h21 
h12 
h22 
h11 
1 

X 

0 

0 

h21 
X 

1 

0 

0 

h12 
0 

0 

1 

X 

h22 
0 

0 

X 

1 



	Figure 2: Signal paths (left) and correlation matrix (right) where X is the isotropic correlation of the reference antennas.



The antenna efficiency was implemented by post processing, using an average value of the two branches. This effectively means that it is assumed that the branch imbalance have negligible effects for the measured antennas. In a final model the efficiency of each antenna should be accounted for in the channel emulator to include the branch imbalance.
4.2 Measurement Setup

The setup used for the measurements based on the absolute data throughput comparison framework was the same as described in TR 37.977 [1]. The conducted reference measurement setup can be studied in Figure 3. For the conducted reference measurement, an eNodeB (R&S CMW500) was connected to a channel emulator (Spirent SR5500). The channel emulator was programmed with the correlation based channel (filter noise engine) according to the description above. The two output ports of the channel emulator were directly connected to the receiver ports of the DUT, which was placed in a shielded box in order to shield it from external interference.

The radiated measurements setup can be studied in Figure 4. In this setup the eNodeB is directly connected to the OTA test system, the Bluetest RTS60 reverberation chamber, which is configured to generate the 3D isotropic channel model based on NIST.
The measurements were performed with OLSM R.11 (16 QAM) and OLSM R.35 (64-QAM). The settings were the same as given in [1] for the respective modulation.
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Figure 3: Setup for conducted reference measurements. The isotropic correlation of the reference antennas is programmed into the channel emulator.
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Figure 4: Setup for radiated measurements.

4.3 DUTs and Reference Antennas

Measurements have been performed on one band 7 device and one band 13 device, combined with the corresponding set of reference antennas (Good and Nominal for band 7, Good, Nominal and Bad for band 13). For band 7 a Huawei E398 USB data card was used. This is a USB powered device, thus making it impossible to close the lid on the CTIA antennas. For this reason it was verified that the internal antennas were disconnected when connecting the external cables.

For band 13 an HTC Rezound was used, which is the same model as one of the CTIA reference units used during the IL/IT comparison testing. Due to unpractical conductive connectors that are not designed to be used for multiple manual connection/disconnections, new coaxial cables were soldered to the handset receiver. This will alter the performance to some extent in comparison to the CTIA reference units, but not affect the relative comparison between the conducted reference measurement and the radiated measurement, since the same cables and calibration points were used for both cases. 

The two devices are shown in Figure 5. The CTIA antennas used and their performance values measured in the reverberation chamber are listed in Table III. As can be seen in Table III, the branch imbalance is low and the uncertainty associated with using the mean efficiency as described above is thus expected to be low.
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	Figure 5: HTC Rezound with soldered cables (left) and Huawei E398 (right).


	Table III: Correlation and efficiency for the reference antennas obtained from measurements in the reverberation chamber.

	CTIA antennas
	Sq. Amp. of Compl. Corr.
	Eff. Branch 1 [dB]
	Eff. Branch 2 [dB]

	Band 7 Good
	0.00
	-1.2
	-1.0

	Band 7 Nominal
	0.07
	-2.7
	-2.2

	Band 13 Good
	0.01
	-0.7
	-0.1

	Band 13 Nominal
	0.33
	-2.1
	-1.8

	Band 13 Bad
	0.83
	-2.8
	-2.9


4.4 Results
Figure 6 shows the results for the band 7 unit from measurements based on the absolute data throughput comparison framework for the 3D isotropic channel model based on NIST. These results are obtained for OLSM R.11 (16-QAM). It is observed that the results from the conducted reference measurement and the radiated measurement align within 0.5 dB for both antennas.
Figure 7 shows the corresponding comparison for the band 13 device. Once again, it is observed that the results from the conducted reference measurement and the radiated measurement align within 0.5 dB for all three antennas.
Figure 8 shows a similar comparison, but using OLSM R.35 (64-QAM). Also for this case there is a good alignment between the results obtained from the conducted reference measurements and the radiated measurements for all antennas. A somewhat larger shift is observed for the Bad antenna, which could be due to the use of too few subframes during the radiated measurements. Also, disconnections occurred during the radiated measurements and this probably affected the results as well.
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Figure 6: Results for the band 7 unit from measurements based on the absolute data throughput comparison framework for the 3D isotropic channel model based on NIST. The results are obtained for OLSM R.11 (16-QAM).
[image: image8.png]Throughputt [kbps]

24,000

23,0001~

22,0001~

21,0001

20,0001~

19,0001
18,0001
17,0001
16,0001
15,0001
14,0001

13,0001

12,000

-118-117-116-115-114 113112111 -110-109 -108 -107 -106 -105 104 -103 -102 -101
Power [dBm/15kHz]

- Cond. CTIA Good
-@ OTA. CTIA Good
- Cond. CTIA Nominal|
<@ OTA. CTIA Nominal
- Cond. CTIA Bad

-® OTA CTIA Bad





Figure 7: Results for the band 13 unit from measurements based on the absolute data throughput comparison framework for the 3D isotropic channel model based on NIST. The results are obtained for OLSM R.11 (16-QAM).
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Figure 8: Results for the band 13 unit from measurements based on the absolute data throughput comparison framework for the 3D isotropic channel model based on NIST. The results are obtained for OLSM R.35 (64-QAM).
5. Conclusions

This contribution addresses an issue with the absolute data throughput comparison framework, as currently outlined in TR 37.977, not being methodology agnostic. Two different ways of defining a channel model are discussed and the benefits associated with using a correlation-based definition, rather than a geometric-based definition, are highlighted. It is concluded that the correlation-based definition will enable implementation of the absolute data throughput comparison framework for both 2D and 3D channel models. Using this approach, the reference antenna implementation can be simplified in the channel emulator, eliminating the need for importing the radiation patterns. 
The contribution further elaborates on the implementation of the absolute data throughput comparison framework for the 3D isotropic channel models. It is explained how the conducted reference channel for such channel models can be implemented in the channel emulator, taking into account the characteristics of the reference antennas. Using the 3D isotropic channel model based on NIST as a reference, comparison between results obtained from conducted measurements using this reference channel and radiated measurements on a band 7 device combined with the corresponding set of CTIA reference antennas shows good agreement for all antennas. The same is observed for a band 13 device with the corresponding set of reference antennas for two different modulations. This is in agreement with observations in [5], where the same implementation was applied to the 3D isotropic channel model based on SCME UMa. Also for this case a very good alignment between the conducted reference channel and the radiated measurements was observed.
Thus, based on the absolute data throughput comparison framework, it has been verified that the reverberation chamber provides the results expected for the ideal 3D isotropic channel model based on NIST.
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