
In which cells of a mobile radio network 
does investment in LTE MIMO pay off?
This is a question many network operators ask themselves. A Rohde&Schwarz drive test system can help 

with the answer: the R&S®TSMW universal radio network analyzer used together with the R&S®ROMES4 

test software. This system can measure MIMO channels without the use of a test mobile phone. It also 

enables operators to assess the quality of a channel, find out where MIMO works best and, most impor-

tantly, evaluate where an investment in additional network equipment pays off.

MIMO: not always a guarantee  
for higher data throughput
Using multiple-antenna technologies such as MIMO does not 
always guarantee higher data rates. If network operators want 
to know where an investment in MIMO pays off, they have to 
analyze the channel condition – a task that requires a lot of 
experience. 

The following example illustrates how difficult it is to assess 
the MIMO characteristics of a radio channel: When headlights 
approach in the darkness, it is at first impossible for the naked 
eye to recognize if it is a car or a motorbike, i.e. if it is a vehi-
cle with one or two headlights. Only when the vehicle comes 
closer is it possible to discern between the two. The same is 
true for MIMO receivers: From what distance is a MIMO sig-
nal clearly identifiable and can therefore help to increase data 
throughput? This question has to do with what is known as 
the condition. 

A question of condition 
The mathematical term “condition” describes certain prop-
erties of a matrix. The matrix of a MIMO channel consists of 
the amplitude and phase of each signal path (a total of four 
paths for 2×2 MIMO). The R&S®TSMW universal radio net-
work analyzer can measure the paths’ amplitude and phase 
and use them to calculate the condition. A good condition 
allows reliable separation of the signals (similar to differentiat-
ing between one or two headlights as described in the above 
example). If the condition is poor, the receiver is unable to 
make this distinction.

The condition is described by the condition number in dB. 
The R&S®ROMES4 test software can display this number 
per cell and per resource block. This means that the MIMO 
 capability within an up to 20 MHz wide LTE signal can be 
measured across the spectrum. Measurements prove that 
a bandwidth of this size is required (Fig. 1). For background 
information and details on calculating the condition  number 
and understanding its significance, see Application Note 
1SP18 from Rohde&Schwarz (available for download on the 
Rohde&Schwarz website). 

Fig. 1 Display of the condition number versus resource blocks  

(horizontal) and time (vertical).
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Fig. 2 In LOS operation (left), cross-polarized transmit and receive antennas ensure a good and, more importantly, frequency-independent 

MIMO channel condition. Although the MIMO channel condition is no worse in NLOS operation (driving through a forest, right), it becomes 

 frequency-selective as a result of multipath propagation.

A real-world example
Practice has shown that the MIMO capability of a  channel 
depends, for example, on whether there is a line-of-sight (LOS) 
connection to the base station or not (non-line-of-sight, NLOS). 
With a LOS connection, the MIMO channel quality is hardly 
affected by reflections. If the LOS connection is lost, the radio link 
is usually maintained. However, the quality of the MIMO channel 
decreases because it becomes frequency-selective due to mul-
tipath propagation and the resulting reflections. 

Fig. 2 compares LOS and NLOS connections. The upper section 
shows the condition number as a waterfall diagram. For each time-
stamp there is a line consisting of multiple measurement results 
per resource block (up to 100 at 20 MHz). The more red areas 
there are in the waterfall diagram, the less suitable the channel is 
for MIMO. The diagram underneath shows the condition number 
(red) and the power values of the channel matrix (e.g. h00).
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Optimizing MIMO mobile radio networks
Mobile radio standards such as GSM/WCDMA mostly use 
SISO together with transmit and receive diversity. The perfor-
mance quality of the radio channel and the theoretical chan-
nel capacity can be determined. Channel capacity is deter-
mined by the known bandwidth and the measurable signal to 
interference and noise ratio (SINR). This is also true for MIMO, 
where, however, the MIMO channel quality as well as the 
SINR must be taken into account. 

It is possible for a MIMO link to have low data throughput 
even though it has a large SINR or for a MIMO link with a low 
SINR to have high data rates – it depends on how suitable a 
channel is for MIMO. The suitability depends on the  distance 
to the LTE base station, on antenna geometry and multipath 
propagation. In general, the SINR is a measure of a signal’s 
interference, and the condition number is a measure of a 
channel’s MIMO capability.

The Rohde&Schwarz drive test system helps network oper-
ators gain experience in these complex relationships and 
find answers to the questions of where MIMO works best 
and how far away from the base station the receiver can 
be located. There is a significant difference, for instance, 
between a macro (outdoor) and a micro (indoor) cell, and 
between their MIMO channels. The experience gained helps 
when expanding LTE networks and, most of all, when posi-
tioning new LTE cells. 

Another important planning parameter other than a cell’s 
positioning is antenna geometry. MIMO data streams in a 
2×2 MIMO LTE system are generally separated with the help 
of different polarizations (cross-polarization at ±45 °). Suffi-
cient orthogonality can also be achieved with line-of-sight 
connections and small antenna housings. In order for the 
R&S®TSMW to measure the channel like a test mobile phone, 
MIMO reference antennas are used, because they can make 
the best use of the special properties of MIMO. 

Key features
 ❙ LTE MIMO measurements are possible in all current and 
future frequency bands

 ❙ At the same time, measurements can be performed in 
other mobile radio standards such as GSM/WCDMA, 
CDMA2000®/EV-DO, TETRA and WiMAX™; spectrum 
scans can also be carried out

 ❙ The R&S®TSMW universal radio network analyzer auto-
matically recognizes the LTE signal bandwidth

 ❙ The MIMO channel matrix can be exported to Excel
 ❙ Existing R&S®TSMW universal radio network  analyzers 
can be software-upgraded in the field for LTE MIMO 
testing 

Application examples
 ❙ Sensible positioning of LTE base stations at rollout
 ❙ Optimizing the performance of LTE networks
 ❙ Testing LTE base stations before and after software 
updates

 ❙ Measuring MIMO antennas
 ❙ Reproducing MIMO channels with a fading simulator

Required options
 ❙ R&S®ROMES test software version 4.65 or later
 ❙ R&S®TSMW with the R&S®TSMW-K29 and 
R&S®TSMW-K30 options

 ❙ R&S®TSMW-Z7 (700 MHz) or R&S®TSMW-Z8 (multi-
ple frequency bands) MIMO reference measurement 
antenna

Summary
The Rohde & Schwarz drive test system, consisting of the 
R&S®ROMES4 test software and the R&S®TSMW  universal 
radio network analyzer, enables testing of LTE and MIMO 
under real-world conditions. The system makes it easier to 
understand MIMO’s efficiency and helps maximize the per-
formance of an LTE mobile radio network. With its optimized 
wizard, R&S®ROMES4 can be configured within seconds; the 
measurement system is put into operation quickly and easily.

Stefan Schindler
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