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1 Exercise target 

The aim of this exercise is to familiarize students with the concept of MIMO processing 

in the LTE system by discussing the following details: 

a. Spatial diversity, spatial multiplexing, SISO 

b. Different processing blocks involved 

c. Transmission matrices and impact on the output signals due to the different 

schemes available 

d. Study on the channel matrix influence (different matrix correlations) on the 

possibility of spatial signal separation (SVD decomposition – closed loop MIMO)  

After this exercise student shall be able to understand the working of the underlying 

techniques involved in MIMO systems. 

NOTE! This exercise shall last approximately 3 hours in order to fulfill all the included 

tasks. The exercise can be done by a single student or a group of students. 
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2 Required background 

Prior to laboratory exercises, students should prepare and get familiar with the neces-

sary range of material including: 

 Principles and parameters of OFDMA system (including transmit and receive 

processing chains and block diagrams) 

 Basics of radio-communication systems 

 Principles and basics of LTE system and main LTE physical layer parameters 

 Fundamentals of MIMO (Multiple Input Multiple Output) including spatial 

multiplexing, Tx and Rx diversity schemes and Alamouti encoding scheme 

 MIMO channel properties 

 Basics of multipath signal propagation 
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3 Theoretical introduction 

3.1 Theoretical background on MIMO - Multiple Input Multi-
ple Output basics 

In normal circumstances a channel may be affected by fading which in turn impacts the 

signal to noise ratio eventually having an impact on the error rate, assuming digital data 

is being transmitted. The principle of diversity is to provide the receiver with multiple 

versions of the same signal. If these can be made to be affected in different ways by 

the signal path, the probability that they will all be affected at the same time is consid-

erably reduced. Accordingly, diversity helps to stabilize a link and improves perfor-

mance, reducing error rate. 

Several different diversity modes are available and provide a number of advantages: 

Time diversity: Using time diversity, a message may be transmitted at different times, 

e.g. using different timeslots and channel coding. 

Frequency diversity: This form of diversity uses different frequencies. It may be in the 

form of using different channels, or technologies such as spread spectrum / OFDM. 

Space diversity: Space diversity used in the broadest sense of the definition is used as 

the basis for MIMO. It uses antennas located in different positions to take advantage of 

the different radio paths that exist in a typical terrestrial environment. 

 

MIMO is effectively a radio antenna technology as it uses multiple antennas at the 

transmitter and receiver to enable a variety of signal paths to carry the data, choosing 

separate paths for each antenna to enable multiple signal paths to be used. 

 
Figure 1 An outline of general MIMO system 
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One of the core ideas behind MIMO wireless systems is space-time signal processing in 

which time (the natural dimension of digital communication data) is complemented with 

the spatial dimension inherent in the use of multiple spatially distributed antennas, i.e. 

the use of multiple antennas located at different points. Accordingly MIMO wireless 

systems can be viewed as a logical extension to the smart antennas that have been 

used for many years to provide better signals and frequency usage for wireless com-

munications by using an antenna system which dynamically reacts to its environment 

with the help of multiple antenna elements and a signal processor (usually digital). 

It is found that between a transmitter and a receiver, the signal can take many paths 

and by moving the antennas even a small distance (for special cases as in the case of 

rich scattering environment or at the UE side) the paths used will change. The variety 

of paths available are a result of the number of objects that appear to the side or even 

in the direct path between the transmitter and receiver. Previously these multiple paths 

only served to introduce interference. By using MIMO, these additional paths can be 

used to advantage. They can be used to provide additional robustness to the radio link 

by improving the signal to noise ratio, or by increasing the link data capacity.  

The two main formats for MIMO are given below: 

Spatial diversity: Spatial diversity used in this narrower sense often refers to transmit 

and receive diversity. These two methodologies are used to provide improvements in 

the signal to noise ratio and they are characterized by improving the reliability of the 

system with respect to the various forms of fading. 

Spatial multiplexing: This form of MIMO is used to provide additional data capacity by 

utilizing the different paths to carry additional traffic, i.e. increasing the data throughput 

capability. 

As a result of the use multiple antennas, MIMO wireless technology is able to consider-

ably increase the capacity of a given channel while still obeying Shannon's law. By in-

creasing the number of receive and transmit antennas it is possible to linearly increase 

the throughput of the channel with every pair of antennas added to the system. This 

makes MIMO wireless technology one of the most important wireless techniques to be 

employed in recent years. As spectral bandwidth is becoming an ever more valuable 

commodity for radio communications systems, techniques are needed to use the avail-

able bandwidth more effectively. MIMO wireless technology is one of these tech-

niques. 
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3.2 Multiple Antenna System 

There are a number of different multiple antenna configurations or formats that can be 

used. These are termed SISO, SIMO, MISO and MIMO. These different multiple anten-

na formats offer different advantages and disadvantages - these can be balanced to 

provide the optimum solution for any given application. 

The different forms of single / multiple antenna links are defined as below: 

 SISO - Single Input Single Output 

 SIMO - Single Input Multiple Output 

 MISO - Multiple Input Single Output 

 MIMO - Multiple Input Multiple Output 

SISO 

The simplest form of radio link can be defined as SISO - Single Input Single Output. 

This is effectively a standard radio channel - this transmitter operates with one antenna 

as does the receiver. There is no diversity and no additional processing required. 

 

 
Figure 2 SISO - Single Input Single Output 

 
The advantage of a SISO system is its simplicity. SISO requires no processing in terms 

of the various forms of diversity that may be used. However the SISO channel is limited 

in its performance. Interference and fading will impact the system more than a MIMO 

system using some form of diversity, and the channel bandwidth is limited by Shan-

non's law - the throughput being dependent upon the channel bandwidth and the sig-

nal to noise ratio. 

SIMO 

The SIMO or Single Input Multiple Output occurs where the transmitter has a single 

antenna and the receiver has multiple antennas. This is also known as receive diversity. 

It is often used to enable a receiver system that receives signals from a number of in-

dependent sources to combat the effects of fading. It has been used for many years 

with short wave listening / receiving stations to combat the effects of ionospheric fad-

ing and interference. 
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Figure 3 SIMO - Single Input Multiple Output 

 
SIMO has the advantage that it is relatively easy to implement although it does have 

some disadvantages among which is the processing required at the receiver. The use of 

SIMO may be quite acceptable in many applications, but where the receiver is located 

in a mobile device such as a cellphone handset, the levels of processing may be limited 

by size, cost and battery drain. For e.g. Switched diversity SIMO, Maximum ratio com-

bining SIMO, etc. 

MISO 

MISO is also termed transmit diversity. In this case, the same data is transmitted re-

dundantly from the two transmitter antennas. The receiver is then able to receive the 

optimum signal which it can then use to receive extract the required data. 

 

 
Figure 4 MISO - Multiple Input Single Output 

 
The advantage of using MISO is that the multiple antennas and the redundancy coding 

/ processing is moved from the receiver to the transmitter. In instances such as cell-

phone UEs, this can be a significant advantage in terms of space for the antennas and 

reducing the level of processing required in the receiver for the redundancy coding. 

This has a positive impact on size, cost and battery life as the lower level of processing 

requires less battery consumption. For e.g. Alamouti coding, Tx antenna switch, etc. 

MIMO 

Where there is more than one antenna at either end of the radio link, this is termed 

MIMO - Multiple Input Multiple Output. MIMO can be used to provide improvements 

in both channel robustness as well as channel throughput. 
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Figure 5 MIMO - Multiple Input Multiple Output 

 
In order to be able to benefit from MIMO fully it is necessary to be able to utilize cod-

ing on the channels to separate the data from the different paths. This requires pro-

cessing, but provides additional channel robustness / data throughput capacity. 

There are many formats of MIMO that can be used from SISO, through SIMO and MI-

SO to the full MIMO systems. These are all able to provide significant improvements of 

performance, but generally at the cost of additional processing and the number of an-

tennas used. Balances of performance against costs, size, processing available and the 

resulting battery life need to be made when choosing the correct option. For e.g. Spa-

tial multiplexing, Tx diversity, etc. 

3.3 MIMO in LTE 

LTE Release 8 (Rel-8) supports downlink transmissions on one, two, or four cell-specific 

antenna ports, each corresponding to one, two, or four cell-specific reference signals, 

where each reference signal corresponds to one antenna port. An additional antenna 

port, associated with one UE-specific reference signal is available as well. This antenna 

port can be used for conventional beamforming. 

 

 
Figure 6 An overview of the multi-antenna related processing including parts of the UE 

 
An overview of the multi-antenna related processing including parts of the UE is given 

in Figure 6. All bit-level processing (i.e. up to and including the scrambling module) for 

the nth transport block in a certain subframe is denoted codeword n. Up to two 

transport blocks can be transmitted simultaneously, while up to Q = 4 layers can be 

transmitted so there is a need to map the codewords (transport blocks) to the appro-

http://www.is-wireless.com/
mailto:info@is-wireless.com


  
 
 

 
 

  11 

IS-Wireless (brand of Innovative Solutions)      ul. Pulawska 45b      05-500 Piaseczno      Poland 

www.is-wireless.com       info@is-wireless.com      phone: +48 22 213 8297      fax: +48 22 213 8298 

 

priate layer. Using fewer transport blocks than layers serves to save signalling overhead 

as the HARQ associated signalling is rather expensive. The layers form a sequence of 

Qx1 symbol vectors which are input to a precoder that in general can be modelled on 

the form of a linear dispersion encoder. From a standard point of view, the precoder 

only exists if the PDSCH (Physical Downlink Shared Channel) is configured to use cell-

specific reference signals, which are then added after the precoding and thus do not 

undergo any precoding. If the PDSCH is configured to use the UE specific reference 

signal, which would then also undergo the same precoder operation as the resource 

elements for data, then the precoder operation is transparent to the standard and 

therefore purely an eNB implementation issue. 

3.4 MIMO spatial diversity 

The purpose of spatial diversity is to make the transmission more robust. There is no 

increase in the data rate. This mode uses redundant data on different paths. 

RX Diversity 

RX diversity uses more antennas on the receiver side than on the transmitter side. The 

simplest scenario consists of two RX and one TX antenna (SIMO, 1x2). 

Because special coding methods are not needed, this scenario is very easy to imple-

ment. Only two RF paths are needed for the receiver. 

Because of the different transmission paths, the receiver sees two differently faded 

signals. By using the appropriate method in the receiver, the signal-to-noise ratio can 

now be increased. Switched diversity always uses the stronger signal, while maximum 

ratio combining uses the sum signal from the two signals (see Figure 3). 

TX Diversity 

TX diversity uses more antennas on the transmitter side than on the receiver side. The 

simplest scenario uses two TX and one RX antenna (MISO, 2x1). In this case, the same 

data is transmitted redundantly over two antennas. This method has the advantage that 

the multiple antennas and redundancy coding is moved from the mobile UE to the base 

station, where these technologies are simpler and cheaper to implement. 

To generate a redundant signal, space-time codes are used. Alamouti developed the 

first codes for two antennas. 

Space-time codes additionally improve the performance and make spatial diversity usa-

ble. The signal copy is transmitted not only from a different antenna but also at a dif-

ferent time. This delayed transmission is called delayed diversity. Space-time codes 

combine spatial and temporal signal copies as illustrated in Figure 7. The signals s1 and 

s2 are multiplexed in two data chains. After that, a signal replication is added to create 
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the Alamouti space-time block code (STBC). This is a very special STBC. It is the only 

orthogonal STBC that achieves rate-1. That is to say that it is the only STBC that can 

achieve its full diversity gain without needing to sacrifice its data rate. Strictly, this is 

only true for complex modulation symbols. Since almost all constellation diagrams rely 

on complex numbers however, this property usually gives Alamouti's code a significant 

advantage over the higher-order STBCs even though they achieve a better error-rate 

performance. 

 
Figure 7 Alamouti coding 

 
The coding can also be handled in the frequency domain. This is called Space frequen-

cy coding.  

 

The transmission of the Alamouti code can be represented as [11]: 

[
𝑦1

𝑦2
] = 𝑯 [

𝑠1

𝑠2
] + [

𝑛1

𝑛2
] 

where: 

 s1, s2 are the part of the transmission sequence 

 y1, y2 is the received vectors 

 n1, n2 denote AWGN noise 

 H is channel matrix  

For decoding Alamouti code, the main formula that needs to be used is [11]: 

[
𝑠1

𝑠2
] = (𝑯𝑯𝑯)−1𝑯𝑯 [

𝑦1

𝑦2
∗] 

Where: 

 s1, s2 are the part of the transmission sequence 

 y1, y2 is the received symbol on the first and second time slot respectively 

 H is channel matrix 
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3.5 MIMO spatial multiplexing 

To take advantage of the additional throughput capability, MIMO utilizes several sets of 

antennas. In many MIMO systems, just two are used, but there is no reason why fur-

ther antennas cannot be employed and this increases the throughput. In any case for 

MIMO spatial multiplexing the number of receive antennas must be equal to or greater 

than the number of transmit antennas. 

To take advantage of the additional throughput offered, MIMO wireless systems utilize 

a matrix mathematical approach. Data streams t1, t2, …, tn can be transmitted from an-

tennas 1, 2, …, n. Then there are a variety of paths that can be used with each path 

having different channel properties. To enable the receiver to be able to differentiate 

between the different data streams it is necessary to use. These can be represented by 

the properties h12, travelling from transmit antenna one to receive antenna 2 and so 

forth. In this way for a three transmit, three receive antenna system a matrix can be set 

up: 

𝑟1 = ℎ11𝑡1 + ℎ21𝑡2 + ℎ31𝑡3 

𝑟2 = ℎ12𝑡1 + ℎ22𝑡2 + ℎ32𝑡3 

𝑟3 = ℎ13𝑡1 + ℎ23𝑡2 + ℎ33𝑡3 

where: 

 r1 is signal received at antenna 1 

 r2 is the signal received at antenna 2  

 and so forth 

In matrix format this can be represented as: 

[𝑅] = [𝐻] × [𝑇] 

To recover the transmitted data-stream at the receiver it is necessary to perform a 

considerable amount of signal processing. First the MIMO system decoder must esti-

mate the individual channel transfer characteristic hij to determine the channel transfer 

matrix. Once all of this has been estimated, then the matrix [H] has been produced and 

the transmitted data streams can be reconstructed by multiplying the received vector 

with the inverse of the transfer matrix. 

[𝑇] = [𝐻]−1 × [𝑅] 

where: 

 T is an estimate of the decoded signal 
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This process can be likened to the solving of a set of N linear simultaneous equations 

to reveal the values of N variables. In reality the situation is a little more difficult than 

this as propagation is never quite this straightforward, and in addition to this each vari-

able consists of an ongoing data stream, this nevertheless demonstrates the basic prin-

ciple behind MIMO wireless systems. 

There are various decoders which can be used to carry out the decoding at the receiver 

like Zero Forcing (ZF) implemented above, other classical detection techniques for 

MIMO spatial multiplexing systems are, namely, the (optimal) Maximum Likelihood (ML) 

detector, the (suboptimal) equalization-based and nulling-and-cancelling detectors, the 

Fincke-Phost sphere-decoding algorithm for ML detection, the linear minimum mean 

square error (LMMSE) detector and the singular value decomposition (SVD) detector. 

Zero Forcing Decoder 

The linear zero forcing (ZF) computes the least square estimator [12]: 

�̂�𝑍𝐹 = 𝐻+𝑦 (1) (1) 

where: 

 H+ denotes the left pseudo-inverse of H 

The estimator �̂�𝑍𝐹 then undergoes standard processing as in the single input single out-

put case (SISO). The complexity of finding the ZF estimate is essentially determined by 

the complexity of finding the pseudo-inverse of the matrix H in [12]: 

𝑦 = 𝐻𝑠 + 𝜌𝑣 (2) 

where: 

 H is the channel matrix 

 s is the transmitted signal vector 

 𝜌𝑣 is vector of independent complex valued Gaussian random variables (RV) 

each with variance ρ2 

For large matrices, the simplest way of calculating the pseudo-inverse is by means of 

QR factorization, H = QR. It can also be calculated in a more stable way (which avoids 

inverting the upper triangular matrix R) by means of the singular value decomposition 

(SVD) of H. The ZF algorithm is not optimal in the case of MIMO, but remains attrac-

tive due to its low implementation complexity. The problem with the ZF approach is 

evident when the channel matrix H is ill conditioned (small determinant), corresponding 

to strong correlation between the channels. In this case, the entries of H+ in (1) are 

large. This leads to large noise at the output of the ZF estimator. The ZF solution pro-

vides diversity order of N − M +1 and array gain of (N − M +1)/M. 
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SVD Decoder 

As we know in narrowband multiple-input multiple-output (MIMO) communication sys-

tems where the channel state information (CSI) is known, the singular value decomposi-

tion (SVD) may be used to decompose the MIMO channel into multiple independent 

single-input single-output channels, enabling interference-free data multiplexing. 

MIMO SVD-based methods include the well-known waterfilling solution which maxim-

izes information throughput over the MIMO channel given a fixed transmission power. 

Given subchannel power levels, [10] such as those provided by the waterfilling solu-

tion, the signal-to-noise ratios of the SVD subchannels may be used to devise bit-

loading and coding schemes that approach the available channel capacity. 

We assume the following SVD-based signalling scheme [10]: 

𝑦 = 𝑈𝐻[(𝐻 + ∆𝐻)𝑉𝑃𝑋 + 𝑛] 

where: 

 n represents zero-mean Gaussian noise 

 H is the Nr × Nt MIMO channel matrix as known at the transmitter and receiver 

 H+ΔH is the actual MIMO channel encountered during transmission 

The matrix H has the following (compact) singular value decomposition (SVD) [10]: 

𝐻 = 𝑈Σ𝑉𝐻 

where: 

 U and V are respectively Nr × F and Nt × F, Σ = diag{σ1, σ2, · · · , σF } 

 F = min{Nr,Nt} with the singular values in order of decreasing size 

 H denotes the Hermitian transpose 

The matrix P is a real-valued F × F diagonal power-loading matrix whose entries deter-

mine the signal power assigned to the unit-variance elements of the signal vector x. 

The diagonal entries of P are constrained so that the average total transmit power is 

equal to some total transmit power PT , i.e. tr(P2) = PT . 

3.6 Transmit diversity (TxD) in LTE  

LTE Rel-8 supports transmit diversity by means of Alamouti based linear dispersion 

codes. The coding operation is performed over space and frequency so the output 

block Xn from the precoder is confined to consecutive data resource elements in a sin-

gle OFDM symbol. Single-codeword transmission is assumed, so the modulated sym-

bols of a single codeword are thus mapped to all the layers. Transmit diversity for two 

and four cell-specific antenna ports is supported. Note that the two transmit-diversity 
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schemes to be presented next are also used for the BCH (Broadcast Channel), PDCCH 

(Physical Downlink Control Channel) and the PCFICH (Physical Control Format Indica-

tor Channel). Furthermore, the number of cell-specific antenna ports used to encode 

the BCH is the same as the total number of configured cell-specific antenna ports and 

all these are used for all other control channels as well. Thus, all UEs must support up 

to four cell-specific antenna ports and the corresponding transmit diversity schemes. 

3.7 SU-MIMO in LTE 

Precoded spatial multiplexing for LTE 

In order to reach high peak rates, LTE supports multi-rank transmission through the use 

of channel dependent, purely spatial precoded spatial multiplexing. The transmission 

scheme is actually a special case of cyclic delay diversity (CDD) combined with spatial 

multiplexing. It is therefore in 3GPP referred to as zerodelay CDD with precoded spa-

tial multiplexing. But the delay parameter is zero, rendering the CDD operation trans-

parent so CDD related aspects can for now be ignored. 

The precoder matrix is selected by the eNB from a codebook of precoder elements 

with scaled orthonormal columns, so-called unitary precoding. Recommendations on 

transmission rank and which precoder matrix (see Table 1) to use may be obtained via 

feedback signalling from the UE, together with the reporting of CQI. This guides the 

eNB in adapting the transmission rank, as well as the precoder and the coding rate and 

modulation to the current channel conditions. However, the eNB can override the UE 

recommendations. CQI provides a form of SINR measure for each codeword but in fact 

more precisely corresponds to a UE recommended transport format giving a first 

transmission BLER rate close to 10%. It is important to realize that the CQI is computed 

conditioned on a certain recommendation of precoder and rank, thus these quantities 

are all dependent on each other. 

 
Table 1 Example of precoder codebook for 2 antenna port configuration [9] 

Tx Rank Precoder matrix 

1 [
1
1

] /√2 [
1

−1
] /√2 [

1
𝑗

] /√2 [
1

−𝑗
] /√2 

2 [
1 0
0 1

] /√2 [
1 1
1 −1

] /2 [
1 1
𝑗 −𝑗

] /2 

Cyclic delay diversity (CDD) 

In principle, CDD shifts the Tx-signal in time direction and transmits these modified 

signal copies over separate TX-antennas. The TX-antenna specific signal modifications, 

i.e. the time shifts, are inserted in cyclically, such that no additional inter symbol inter-
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ference (ISI) occurs. CDD is capable to offer a larger degree of diversity since they in-

crease the number of resolvable channel propagation paths. This additional diversity 

has to be exploited by the OFDM system itself by means of techniques, which guaran-

tee a certain amount of Hamming distance for the data bearing signal, i.e. channel cod-

ing or spreading. 

CDD can obviously also be viewed as channel independent frequency-selective pre-

coding and it is this view that most easily explains the behaviour of CDD. The precoder 

sometimes matches the channel and thus gives increased SINR and sometimes emits 

substantial energy into the null-space of the channel matrix leading to decreased SINR. 

Thus, CDD induces variations in the channel quality over the bandwidth. In other 

words, it spreads the transmission in many different “directions”. 

Large delay CDD with precoded spatial multiplexing for LTE 

LTE supports a variant of large delay CDD with spatial multiplexing where the CDD 

operation is combined with channel-dependent purely-spatial precoding. The symbol 

vector undergoes a large-delay CDD operation. The task of CDD is to mix all the layers 

together and distribute them in equal proportion on what is here referred to as r virtual 

antennas. The notion of virtual antennas is used to describe the input to the channel 

dependent precoder and is motivated by the fact that the precoder together with the 

physical channel can be viewed as forming a new effective channel where the virtual 

antennas serve as input. 

The mixing means all layers see the same channel quality, assuming the UE uses a linear 

MMSE equalizer. Compared with the previously described zero-delay CDD spatial mul-

tiplexing scheme, such an averaging is beneficial since it provides the opportunity to 

minimize signalling overhead by avoiding the need to adapt various parameters de-

pending on the quality of a particular layer. For example, only a single CQI needs to be 

fed back and DL control signalling can also be reduced as there is no need to reallocate 

HARQ retransmissions on different layers. Averaging also provides increased robust-

ness against imperfect link adaptation, a situation which may be very common in prac-

tice due to bursty inter-cell interference, feedback delay and CQI estimation noise. 

3.8 System description for the exercise 

The course exercises are based on the LTE PHY Lab. LTE PHY Lab is a comprehensive 

implementation of the 3GPP Release 8 E-UTRA physical layer. It has a form of a 

MATLAB Toolbox. It includes both the downlink and the uplink processing chains cov-

ering all the PHY steps such as FEC, modulation, MIMO processing, resource mapping, 

OFDMA and SCFDMA signal generation. Due to that structure baseband models of 

both the eNB and UE can be created. For the lab course exercises it is important to 
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evaluate the role of every single component block, or the whole transmitter and receiv-

er.  

For the purpose of this exercise, the blocks of LTE PHY Lab that are required for eval-

uation are: 

 Modulation 

 Layer Mapping 

 MIMO Precoding 

 Sequence Generation 

 Resource Mapping 

 OFDM Modulator 

The block diagrams, that are useful for this exercise are shown below: 

 
Figure 8 Block diagram for the experiments showing the SISO processing 

 

 
Figure 9 Block diagram for the experiments showing the Spatial diversity processing with 2 antennas 

 

 
Figure 10 Block diagram for the experiments showing the Spatial diversity processing with 4 antennas 
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Figure 11 Block diagram for the experiments showing the Spatial multiplexing processing with 2 antennas 

 

 
Figure 12 Block diagram for the experiments showing the Spatial multiplexing processing with 4 antennas 

 

 
Figure 13 Block diagram for the experiments showing the Channel Correlation Influence on Stream Separation 

 
Figure 14 Block diagram for the experiments showing the Reference Signal (RS) mapping in downlink 

 

The important parameters that are related to the LTE system for this exercise are gath-

ered in Table 2. 

 
Table 2 LTE PHY Lab parameters used in exercise 

Parameter name Parameter value Comment 

System bandwidth 3MHz --- 

FFT size 256 --- 

Transmission direction Downlink eNB Transmitter and UE receiver 

Measured PHY Channel PDSCH It occupies all useful subcarriers in OFDMA symbol 

Modulation order QPSK --- 
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4 Workspace setup 

In order to properly run all exercises you have to follow these steps: 

 

1. Install University Suite and activate it. This should be already done by the teacher or 

system administrator, and is well described in User guide 

2. Launch MATLAB. Switch the work directory (Figure 15, red outline) to path 

where University Suite is installed (e.g. “C:\University_Suite_v1.0.0”) 

3. Open directory with appropriate laboratory case, e.g. “Labcase_1” (Figure 15, 

orange outline), and run script “UniversitySuite_AddPaths”,  to add paths to 

workspace (Figure 15, blue outline). Each laboratory case has its own separate 

script to add paths that has to be run (i.e. even if you run 

“UniversitySuite_AddPaths” from “Labcase_1”, you have to run 

“UniversitySuite_AddPaths” from “Labcase_2” in order to do exercises from 

laboratory case 2) 

 

NOTE! Each time you restart MATLAB you have to perform above steps to properly 

attach all directories. 

 
Figure 15 University Suite workspace setup 
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NOTE! If scripts for automatic LTE MAC Lab and LTE PHY Lab search fail, you must 
provide specific path to this tools. To do so, edit “AddToolsPaths” file, which is located 
in the main directory of University Suite. In this file add path to your tools in functions 
“Add_LTE_PHY_Lab” and “Add_LTE_MAC_Lab”. Figure 16 provides an example on how the 
file should look like in case of explicit tool paths. Edited lines are marked with blue out-
line. 
 

 
Figure 16 Adding specific path to the tools 
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5 “Warm up” exercises 

In this laboratory exercise each aspect of MIMO, described in the chapter 3 will be 

considered separately.  

5.1 Examination of the SISO processing 

1. Open the script “Lab_SISO.m“ and examine source code to identify: baseband 

transmit signal creation, modulation of signal, layer mapping and usage of 

precoding matrix. 

2. Use help command to get description of the script (“help Lab_SISO”). 

3. Run the script with the predefined parameters. 

4. Draw a block diagram describing the whole process taking place in the script in 

your reports. 

5. Copy the plots from the simulation in your reports after the block diagram and 

explain each the generation of each plot and then relate it in terms of 

significance to the processing chain. 

6. Change the transmission block size and describe the influence it has on the 

simulation plots in your reports. 

5.2 Examination of the Spatial diversity 

1. Open the script “Lab_TxDiversity.m” and examine source code to identify: 

baseband transmit signal creation, modulation of signal, layer mapping and usage 

of precoding matrix. 

2. Use help command to get description of the script (“help Lab_TxDiversity”). 

3. Run the script first with the predefined parameters and 2 antennas. 

4. Run the script with the predefined parameters and 4 antennas. 

5. Draw two block diagrams describing the whole process taking place in the script 

in your reports for different number of antennas. 

6. Copy the plots from the simulation in your reports after the block diagrams and 

explain the generation of each plot and then relate it in terms of significance to 

the processing chain. 

7. Change the transmission block size along with the modulation scheme and 

describe the influence both have on the simulation plots in your repots. 
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5.3 Examination of Spatial multiplexing 

1. Open the script “Lab_SpatialMultiplexing.m” and examine source code to 

identify: baseband transmit signal creation, modulation of signal, layer mapping 

and usage of precoding matrix. 

2. Use help command to get description of the script (“help 

Lab_SpatialMultiplexing”). 

3. Run the script with the following different settings: 

a. 2 antennas, 1 layer, no CDD 

b. 2 antennas, 2 layers, no CDD 

c. 2 antennas, 2 layers, CDD 

d. 4 antennas, no CDD 

e. 4 antennas, CDD 

Copy the plots obtained from the above task into your reports and write down 

in your report the influence of CDD and no. of layers involved in precoding on 

the whole process. 

4. Draw two block diagrams describing the whole process taking place in the script 

in your reports for different number of antennas. 

5. Copy the plots from the simulation in your reports after the block diagrams and 

explain the generation of each plot and then relate it in terms of significance to 

the processing chain. 

6. Implement the possible precoding matrix for 2 antenna configuration from 

precoder codebook along with different modulation schemes and compare the 

plots for each different case. Copy the plots to the report and describe the 

differences you have observed and the impact of the modulation scheme. 

5.4 Examination of channel matrix influence 

1. Open the script “Lab_ChannelCorrelation.m” and identify: input signal, 

modulation scheme, channels matrix, different stages involving MIMO 

processing and plotting 

2. Use help command to get description of the script (“help 

Lab_ChannelCorrelation”). 

3. Run the script for all the following configurations: 

a. Gaussian noise 

i. Four different channels 

ii. SNR values (20dB, 10dB, 0dB, -5dB) for each channel 

b. Without Gaussian noise 

i. Four different channels 
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The results obtained should be copied to your reports. Explain the significance 

of selecting the channel matrix and its impact on the results. 

5.5 Examination of DL RS mapping 

1. Open the script “Lab_ReferenceSignals.m” and examine source code to 

identify: transmission signal, modulation order, number of PDCCH and the PRBs 

used for simulation. 

2. Use help command to get description of the script (“help 

Lab_ReferenceSignals”). 

3. Run the script with the predefined configurations. 

4. Carefully observe the RS channel on the scatterplot, spectrogram in 3D. Use the 

3D toggle option available in MATLAB to observe the spectrogram from 

different perspectives. Write down in your report the distinctive characteristics 

of the channel and their dependence on the input parameters. 

5. Copy the plots of RS channel to your report for different antenna 

configurations. Observe the allocation of blocks to the channels in the subframe 

and write your comments regarding their position in the report. Also explain why 

the different RS patterns are different for different antennas.  
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6 Main exercise tasks 

After completion of the tasks mentioned in chapter 5, the student shall write his 

own files realizing the following tasks. 

 

NOTE! These tasks can be done in the class or at home or used as a separate project. 

6.1 Examination of the different MIMO related processes 

1. Using as the example source code from file “Lab_ReferenceSignals.m”, write a 

script that enables you to observe the pilots for both configurations i.e. 2 

antenna and 4 antenna configuration on a single plot of a single subframe. Copy 

the plots to your report and describe the properties related to the placement of 

the pilots. 

2. Write down a script which shall act as an Alamounti decoder to decode the 

results generated by the file “Lab_TxDiversity.m” for both 2 antenna and 4 

antenna configurations. Copy the script to your report and explain the 

methodology used. 

3. Using as the example source code from file “Lab_ChannelCorrelation.m”: 

a. Write a script which allows to compare the influence of the channel 

matrices in the form of BER for three different values of SNIRs. You shall 

use large number of bits for QPSK. Then use also higher order 

modulation scheme (16 QAM) for comparison. Copy the comparison 

plots to your reports for all cases of 2x2 antenna experiments for SVD 

and deduce which among the four channel matrices delivers the best 

performance.  

b. Write another script which allows us to compare the influence of the 

channel matrices in the form of BER for three different values of SNIRs 

for 4x4 antenna case. You shall use large number of bits for QPSK. Then 

use also higher order modulation scheme (16 QAM) for comparison. 

Copy the comparison plots to your reports for all cases of 2x2 antenna 

experiments for SVD and deduce which among the four channel matrices 

delivers the best performance. 

c. Also write down in your report the major differences observed in the two 

different antenna cases in terms of experiments for SVD and channel 

performance. 
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7 Test questions  

After all the tasks are fulfilled, the student shall answer for these questions in 

the report: 

 

1. Write down the advantages and disadvantages of any three multiple antenna 

schemes? 

2. Draw a block diagram depicting the LTE downlink MIMO transmission scheme. 

3. What typical steps are involved in MIMO processing chain, write down their 

name with their roles. 

4. What is the role of CDD in MIMO processing? 

5. What is the Alamounti code? 

6. What is the difference between spatial diversity and spatial multiplexing? 

7. Describe the role of RS for MIMO. Why do we use different RS patterns for 

different antennas in multi antenna case? 

8. What is the role of CQI in MIMO processing? 

9. How can MIMO be beneficial for user at cell edge? 

10. How many transport blocks can be transmitted a scheduled UE in a subframe 

per uplink/downlink component carrier in LTE? 

11. Describe briefly the following algorithms: 

a. MMSE 

b. ZF 

c. SVD 

d. ML 

12. Define the following terms: 

a. Precoding 

b. Modulation 

c. Layer Mapping 

d. Codeword 
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8 Report content 

The report shall include: 

 answers for questions from chapters 5 and 6; 

 required descriptions from chapters 5 and 6; 

 required plots / simulation results and source codes from chapters 5 and 6; 

 answers for questions from chapter 7; 

 required block diagrams from chapter 7; 

 related conclusions and observations from the exercise. 

 

The example report header is presented below: 

 

Wireless communication course 

Exercise title: “MIMO Processing in the LTE System” 

Group ID: Students’ names: 
1. 
2. 
3. 
4. 

Date and time of the exercise: 

Student providing report: Date of the report: Grade and lecturer signature: 
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