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1. Introduction
In RAN Plenary meeting 3GPPRAN#55 a MIMO OTA work item was approved. The work item description [1] states that one of the requirements for the analysis phase is to find realistic MIMO conditions and realistic channel models to be used as reference radio environment. This contribution highlights the NIST channel model and shows that this channel model will provide realistic conditions for assessment of the radiated performance of MIMO enabled devices. It will be shown that by using this channel model, expected performance and a clear ranking of MIMO devices will be obtained. Also, comparison between results obtained with this channel model and results obtained in real-field tests will be provided.

In addition, this contribution will show how this channel model can be implemented using a channel emulator. This information can be used to implement the NIST channel model with e.g. anechoic chamber methodologies, but also for conducted testing.
2. NIST Channel Model
The NIST channel model is based on real world measurements in urban and indoor environments, performed by the National Institute of Standards and Technology (NIST) in Boulder, Colorado [2]. Power delay profiles have been evaluated for various urban and indoor settings. 
A model based on these measurements were presented in 3GPP RAN4 in [3], which gives further details of the proposed implementation of this channel model. Based on the findings documented in [2], the power of an outdoor-indoor channel typically displays an exponential decay with time. It is further proposed in [3] that an RMS delay spread of 90 ns is suitable to represent the outdoor-indoor environment power delay profile (PDP).
For the reverberation chamber, the inherent properties of the chamber provide an exponential decaying power delay profile. The chamber should be tuned to an RMS delay spread of 90 ns, in order to correspond to the NIST channel model PDP. This can be realized by insertion of absorbing objects into the chamber.

The NIST channel model delay profile can also be realized by using a 7-tap model. In [3], the delay model in Table 1 is proposed.
Table 1   Indoor-Urban Delay Model

	Excess tap delay [ns]
	Relative power 

[dB]

	0
	0.0

	40
	-1.7

	120
	-5.2

	180
	-7.8

	210
	-9.1

	260
	-11.3

	350
	-15.2


This information can be used to implement the NIST channel model for e.g. anechoic chamber based methodologies, but also for conducted testing.
Further details of the implementation of the NIST channel model are given in [3].
3. Channel Model Validation

In this section it is shown that the NIST channel model can be used for assessing expected performance of MIMO devices. Also, comparison to real-filed measurement results is provided.

Assessment of Performance of MIMO Enabled Devices
The NIST channel model was implemented using the reverberation chamber for the 3GPP Round Robin measurements for a number of different devices [4] [5] [6]. One example of the results obtained is shown in Figure 1. It is clear from this figure that it is possible to obtain a clear ranking of MIMO enabled devices when using the NIST channel model. 
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Figure 1   Comparison of the MAC layer data throughput performance between all Round Robin devices evaluated in the Bluetest reverberation chamber for 16-QAM, using the NIST indoor-urban channel model.

Furthermore, it was shown in [7] that the NIST channel model provides expected results for devices with known good and bad performance. Examples are shown below. Figure 2 shows a comparison of the throughput results from measurements with the NIST channel model for two different sets of antennas with low and high correlation (labelled DUT C and DUT D, respectively). The same receiver is used for both measurements. As expected, the antenna set with low correlation shows the best throughput performance. From Figure 3 it is also obvious that the influence of gain imbalance can be identified using the NIST channel model.
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Figure 2   MAC layer throughput in MIMO-mode for two different external antennas on the same LTE data card. DUT C and D had a power correlation of 0.2 and 0.8, respectively. Bandwidth 10 MHz, 64QAM, 47RB and TBSI20. The measurements are performed with the NIST channel model.
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Figure 3   MAC layer throughput in MIMO-mode for different cases of gain imbalance on DUT C (low correlation antenna). Bandwidth 10 MHz, 64QAM, 47RB and TBSI20. The measurements are performed with the NIST channel model.
Real-Field Measurements
As said in section 2, the NIST channel model is based on measurements in environments where the end-users of MIMO devices often are situated. This includes both urban and indoor environments. Thus the NIST channel model is based on realistic channel conditions.

Additionally, comparisons have been done between results obtained using the NIST channel model and results obtained for the same units in the real world. Some examples are shown below. In [8] the results in Figure 4 were presented. In this figure, the throughput performance has been measured for the same WLAN devices in an indoor environment and in the reverberation chamber, realizing the NIST channel model. It is obvious that the measurements in the real field shows the same characteristics as the results obtained with the NIST channel model.

Also, Figure 5 shows the throughput CDF’s obtained for the same devices in an outdoor environment and with the NIST channel model. This figure shows another example of similar performance measured with the NIST channel model and in the real world.
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Figure 4   Measurements of the same devices in an indoor environment and in the NIST channel model, realized by the reverberation chamber.
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Figure 5   Measurements of the same devices in an outdoor environment (top) and in the NIST channel model, realized by the reverberation chamber (bottom).

4. Conclusions

This contribution addresses the important requirement of the 3GPP MIMO OTA group to select a realistic reference radio environment for the assessment of radiated performance of MIMO enabled devices. It is shown that the NIST channel model is a suitable choice, since this model is based on real-field measurements. It is also shown that this channel model yields realistic and expected results when used for throughput measurements of wireless devices.
Furthermore, this contribution describes how the NIST channel model can be implemented in the reverberation chamber, but also how it can be implemented using a channel emulator. Thus the NIST channel model can be implemented using other methodologies, such as methods based on the anechoic chamber, but also used for conducted measurements.

It is suggested that this channel model is used as the reference radio environment for assessment of performance of MIMO enabled devices.
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