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1. Introduction

Rohde & Schwarz had proposed a test plan for MIMO OTA measurements [1]. One of the parts contributing to this proposal is the use of channel parameters. This will speed up the test and allow to obtain a quick feedback of the DUT on the channel conditions, either caused by the DUT's antennas, or by the channel conditions applied externally. This document describes some measurements of the relation of channel parameters to other quantities like throughput.
2. Purpose of measurement

Testing the performance of MIMO over-the-air (OTA) is one of the major challenges for new technologies in mobile communication networks. Several proposals have been made, and the discussion about the best approach is still ongoing.

In our earlier Tdoc [1] we explained that a shortened test time and therefore substantial cost savings are achieved by using a channel quality indicator instead of doing lengthy measurements of throughput (TP), for example. Especially in a multi-dimensional test requirement where not only a three-dimensional pattern has to be recorded, but also various scenarios and angular constellations have to be applied, this is even more important.

3. Background

3.1
Measurement configuration

In order to show that such a channel indicator is a good estimator for achieved throughput, we conducted some measurement campaign. Due to unavailability of LTE devices we used WiMAX™ devices (IEEE 802.16 [2]) in MIMO and in SISO operation. Since the main interest in this investigation was to verify the dependence of the channel indicators as function of signal quality, the tests were performed in a conducted set-up. 

The two RF connectors of the R&S®CMW270 WiMAX™ Communication Tester [3] were routed via some cable path to the two RF connectors of the device under test (DUT). Common to all measurements were the following settings:

· 10 MHz bandwidth

· use of Convolutional Turbo Codes (CTC)

· identical RF Tx level on both ports in case of MIMO operation

· no AWGN contribution

We used end-to-end transmission with User Datagram Protocol (UDP). The throughput values were evaluated by the little utility Iperf [4].

The channel indicators available in WiMAX™ (IEEE 802.16) are:

· Received Signal Strength Indicator (RSSI)

· Carrier-to-Interference-and-Noise Ratio (CINR)

In WiMAX™, these values are related to the primary receiver of the DUT.


Various dependencies were deduced which are documented in the subsequent sections. Where some Tx level of the CMW270 output is referred to, this value is not calibrated for external cable loss but taken from the setting of the CMW270 for the Tx data carrier power level with the additional path loss being only estimated. By that it corresponds roughly to the Rx level at the UE side.
3.2
Expected Throughput

Depending on the Modulation Coding Scheme (MCS) a higher or a lower throughput can be achieved. Of course, the MCS providing the highest throughput only work under good signal conditions. If the signal quality deteriorates, more robust settings for MCS have to be used.

The following table summarises the relation between MCS and TP ([5], [6]):


[image: image1.emf]SISO MIMO SISO MIMO

64QAM 5/6 15.8 31.6 15.3 30.6

64QAM 3/4 14.3 28.6 13.8 27.6

64QAM 2/3 12.7 25.4 12.3 24.6

64QAM 1/2 9.5 19 9.2 18.4

16QAM 3/4 9.5 19 9.2 18.4

16QAM 1/2 6.3 12.6 6.1 12.2

QPSK 3/4 4.7 9.4 4.6 9.2

QPSK 1/2 3.2 6.4 3.1 6.2
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Table 1: Expected Throughput and MCS

4. Measurements

4.1
Throughput and Tx level of BSE

On a first DUT in the 3.5 GHz band, measurements were made using Matrix B MIMO mode and different MCS values. In Matrix B mode, the two antennas at the base station are transmitting different data streams. If the DUT is able to decode both data streams independently and without errors, using its two receive antennas, the data transfer rate is twice as high as without this mode. 

This DUT does not support an MCS of 64QAM 5/6. By varying the CMW270 Tx level, the throughput values were measured up to the point where the signal quality did not allow any data transmission. If the error rates are rather high, the throughput is suffering from re-transmissions which lower the TP values. The following figure indicates this behaviour:
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Figure 1: MIMO Matrix B, TP vs. Tx level


One clearly sees that the steepness of the break-off is only extending over a few dB in Tx power. This means that between a perfect transmission without loss and a transmission where no data can be transmitted due to errors, the signal quality only needs to vary little. One could also observe this fact by measuring bit or packet error rates (BER, PER), but this has not been done for this analysis.

In a real WiMAX environment, the base station would react on the signal quality reported by the mobile device, and it would adjust the MCS accordingly in order to achieve the highest TP possible without getting too high error rates. This introduces discrete TP values. Only when averaging over time where changed channel conditions lead to different MCS settings, TP values in between are obtained.

When looking for these edge points at which the data transmission quality breaks off, the following correspondence between the levels and the TP values can be observed:
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Figure 2: MIMO Matrix B, TP break-offs

Now let’s compare Figure 1 with similar measurements on the same DUT using other modes. These measurements have been made only for part of the possible MCS settings.
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Figure 3: MIMO Matrix A, TP vs. Tx level

When using Matrix A which is intended to improve receive quality if the channel conditions are not that good, one sees that the TP is half of the one in Matrix B mode. This is correct since the same data stream is transmitted via both MIMO channels. On the other hand, the break-off occurs at around 3 dB lower Tx levels. The DUT can better resolve transmission problems at low signal quality.


Finally, going for pure SISO operation, the following figure is obtained:
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Figure 4: SISO, TP vs. Tx level

There is no visible advantage for this operating mode. The break-off levels are about the same as in the Matrix B case, but the TP values only reach half of the TP for Matrix B.

We also compared with some DUT from another manufacturer operating in the 2.6 GHz band. That DUT also supports 64QAM 5/6 thus reaching even higher TP values. Here are the data, again only for some of the possible MCS settings:
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Figure 5: Device 2 MIMO Matrix B, TP vs. Tx level

It is interesting to observe that the break-off is shifted towards lower Tx levels by 5 to 10 dB with respect to the first DUT. This indicates a significantly higher sensitivity of the second DUT.

4.2
RSSI and Tx level of BSE

Now let’s look for the channel quality indicators. First, RSSI is the preamble power level as measured at the DUT and reported back to the Base Station Emulator (BSE). Since the power of the preamble is calculated with the main ingredients Tx data carrier power, FFT size and preamble boost factor, the difference between RSSI and Tx level of a little more than 30 dB is expected.


RSSI nicely relates to the Tx level, as seen in the following figure:
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Figure 6: MIMO Matrix B, RSSI values

At very high and unrealistic Tx levels of the BSE, the RSSI values level out and reach the maximum specified RSSI value of -40 dBm.

This curve was obtained using the RSSI indication on the CMW270 signalling part which is the value reported back from the DUT. In this mode the resolution is 1 dB, as also seen in the points on the curve which for the same Tx levels sometimes give RSSI values 1 dB apart from each other.

Another measurement of RSSI has been made using the detailed measurement functions inside the CMW270. In that case the uncertainty on the RSSI values is smaller than 0.1 dB, almost independent on the duration of the measurement.

The RSSI values depend on the Tx levels in the same way for all MIMO/SISO modes and MCS settings. But there is a small dependence on the DUT which can amount to a slight shift.

4.3
CINR and Tx level of BSE

Now let’s also have a look at the second channel indicator, CINR. A distribution as a function of Tx level looks as follows:
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Figure 7: MIMO Matrix B, CINR values

There are several observations related to the figure. One clearly sees that the reported CINR values are quite different for two different DUTs. Higher values are reported by the more sensitive second device. On the other hand, the relation to Tx power does not depend on the selected MCS setting.

The fluctuations for identical Tx level values for each device are larger than the ones for RSSI and amount up to 2 dB. In a separate measurement using the CINR values reported from the CMW270’s measurement functions it was shown that the uncertainty in obtaining CINR values is of the order of 0.2 dB when only 5 samples were taken, and around 0.05 dB when taking 20 samples for each measurement. In the area where CINR flattens out, these uncertainties increase.

Such CINR measurements are much faster than a sufficiently precise evaluation of some throughput figure.

It is also observed that the CINR values level much quicker than the RSSI values. This allows to cover only a reduced dynamic range. On the other hand, when comparing with Figure 2, for example, it is clear that the covered dynamic range easily extends over the Tx levels where the break-offs for the different MCS settings occur. Therefore the CINR values can be used for deciding which MCS setting would be most appropriate.

4.4
Implications from the measurements

The measurements made on the WiMAX™ devices give a good example how channel indicators may be used. The RSSI values reported from the DUT correspond very well to the Tx level at the BSE, independent on the DUT. But since the channel indicator CINR is really related to the sensitivity of the device, it is more reasonable to use CINR for estimating the receive quality of the DUT.

In order to have a good range of values, a measurement should set the Tx power of the BSE to a rather high value, and the MCS to some robust mode like QPSK 1/2. In this way also points are well covered where the DUT has bad sensitivity, for example caused by bad antenna patterns.

It will be required to normalise CINR or RSSI values to the figure of merit, like throughput, for each device. This allows to perform the majority of measurements in a fast way using the channel indicators, but nevertheless to obtain the final figure of merit as intended. The method for normalizing RSSI-based measurements has been also described elsewhere [7].

Since the measurements presented here only are applicable to WiMAX™, similar investigations have to be made for other MIMO technologies, like WLAN 802.11n or LTE. It is expected, however, that the basic result from this kind of measurements proves that channel indicators can be used in other technologies as well, and will give further indications what special considerations need to be taken into account. 
The effect of faded channels will be interesting to observe, too. It is, however, expected that the channel parameters still allow a good estimation of the channel quality.

5. Conclusions

By measuring channel indicators like RSSI and CINR on WiMAX™ devices it was shown that there is a clear relation between the indicators and the signal quality. Since the signal quality directly relates to possible throughput values, the channel indicator results can be used to precisely distinguish between good and bad link situations. Since these measurements are much faster than, for example, throughput measurements, substantial savings in test time are achieved. A final normalisation step then can relate the results to the desired figure of merit.
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Tabelle1

		Modulation & coding rate		PHY throughput				UDP throughput

				[Mbit/s]				[Mbit/s]

				SISO		MIMO		SISO		MIMO

		64QAM 5/6		15.8		31.6		15.3		30.6

		64QAM 3/4		14.3		28.6		13.8		27.6

		64QAM 2/3		12.7		25.4		12.3		24.6

		64QAM 1/2		9.5		19		9.2		18.4

		16QAM 3/4		9.5		19		9.2		18.4

		16QAM 1/2		6.3		12.6		6.1		12.2

		QPSK 3/4		4.7		9.4		4.6		9.2

		QPSK 1/2		3.2		6.4		3.1		6.2






