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Abstract:  

 

 

System implications and implementations of beam-steering solutions for communication 

applications are considered. In particular, beam forming mechanisms were studied and issues 

related to smart antenna implementation, such as calibration, application scenario, selection of 

smart antenna algorithm, were considered.  
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Executive Summary 

 

 
The present deliverable reporting on system implications and implementations of beam-steering 

solutions for communication applications consists of two chapters.  

 

In Chapter 1, beam forming of a smart antenna were considered, including beam forming strategies, 

applications, digital beam forming, fading and other characteristics of the mobile channel.  

 

In Chapter 2 issues related to smart antenna implementation, such as calibration, application 

scenario, selection of smart antenna algorithm, were considered. 
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1 Introduction to Beamforming 

1.1 Beamforming Strategies 

Beamforming is used to enhance the signal-to-noise ratio by shaping the antenna pattern so that it is 

pointing towards the communication counterpart. By doing so, the antenna gain into the desired 

direction is maximised. 

 

There are three levels of intelligence, how the Beamforming can be achieved. 

 

1. Switched Beam: This is the simplest algorithm. Static antenna beams are predefined. 

The smart antenna algorithm in this case simply selects the antenna lobe which provides the 

largest signal level. The antenna lobes can only take on certain angles, meaning the a 

limited set of predefined weights is used to create lobes. 

2. Phased Array:  Rather than switching between predefined beams, digital weights are 

employed that can steer the beam accurately to maximise the received signal power. That 

means that the values that the weights can take one is unlimited and that the lobe can be 

steered accurately towards the signal of intrest. 

3. Adaptive array: This is an enhancement of the Phased Array. For the Adaptive Array, 

also side lobes and nulls are generated. The side lobes catch multipath components and the 

nulls suppress interference.   

 

The first two techniques have as only parameter the received signal level that shall be maximised. 

The interference level becomes whatever it becomes. In the Adaptive Array, however, also the 

received interference is measured and reduced actively.  Since in the Phased Array, the beam can be 

controlled more accurately, the performance increases compared to the switched beam method. For 

some applications, the performance can be increased further with the Adaptive Array (in the 

presence of interferers from directions other than the signal of interest and if multipath components 

of the signal are available that can be used in the receiver. 

 

The level of implementation complexity increases with the chosen "intelligence" of the Smart 

Antenna System.  

 

The three methods are illustrated below:  



TUMESA  D3.5 

 Page 5 

signalsignalinterference signalsignalinterference signalsignalinterference

1) Switched Beam 2) Phased Array 3) Adaptive Array  

Figure 1 - The three different Beamforming strategies 

1.2 Applications 

Typically, Smart Antenna Systems serve two purposes: 

 

1. Capacity Increase in the mobile communication system 

2. Range increase 

In UMTS for example, all users share the same bandwidth simultaneously. The different users are 

separated by orthogonal codes. Due to the impact of the mobile channel on the transmitted radio 

signal, orthogonality is not preserved perfectly. This leads to that different users interfere with each 

other. This interference can be reduced by using smart antennas. A smart antenna system can 

separate the users by their direction of arrival, leading to that less users interfere with the signal of 

interest. 

 

For an antenna array with M-elements, the usage of Smart Antennas can increase the SNR at the 

receiver with 10log(M) dB, compared to a 1-Antenna system (in the presence of AWGN and no 

multipath), see [1]. For the range increase, a rule of thumb is given by Rs= M
1/n⋅ R1  . Where RS is 

the range of the smart antenna system and R
1 is the range of the one-antenna system. The character 

"n" in the above equation is the path loss coefficient and  assumed to be equal to or larger than 2. 

1.3 The Mobile Channel 

1.3.1 Fading 

The gain of a Smart Antenna System depends heavily on the characteristics of the Radio Channel. If 

for instance, no interferers and no Multipath components are present, the implementation of an 

adaptive array would only give unnecessary expensive implementation cost without any improved 

performance. 

 

Below, the main characteristics of a radio channel are described:  

 

Fading 

The fading is divided into slow fading and fast fading. The slow fading is caused by shadowing and 

it is normal distributed around the mean path loss. 
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The fast fading is caused by multipath propagation, where the copies of the same signal are received 

at slightly different time instants. Sometimes, these signals add constructively and sometimes 

destructively. Strong variations of the received signal power are experienced due to the fast fading. 

The received signal power might vary as much as 20-30dB of a propagation of half a wavelength. In 

a non-line-of-sight environment, the fast fading is Rayleigh distributed and in a line-of-sight 

environment, the fading distribution is Rician.  

 

The relationship between the symbol time and the coherence time of the channel is crucial to how 

severe degradations the fading will cause to the reception quality of the signal. 

 

If the transmission bandwidth of the signal is larger than the coherence bandwidth of the channel, 

the signal will undergo frequency selective fading, i.e. difference frequency components will fade 

differently. In the time-domain, this is equivalent to a large delay spread of the multipath 

components. 

 

As a rule of thumb, if the delay rms of the delay spread is less than 10% of the symbol period, the 

fading is not frequency selective (flat fading). If, on the other hand, the rms is larger than 70% of 

the delay spread, the fading of the channel is definitely frequency selective. 

 

Fast fading occurs when the coherence time of the channel is less than the symbol time. Hence, 

when the channel is changing during the transmission of one symbol. 

 

Slow fading is the opposite. The coherence time of the channel is much longer than the symbol 

period.  

 

Conclusion: There is an optimal symbol rate for the mobile environment. The symbol rate 

shall be large enough to avoid fast fading and low enough to avoid frequency selective fading.  

1.3.2 Characteristics in different environments 

In [2] the characteristics of the mobile channel for different environments are summarized for a 

channel at 1800 MHz: 

 

 

Environment Delay Spread Angle Spread Doppler Spread 

Flat rural 0.5 micro sec 1 degree 190 Hz 

Urban (Macro) 5 micro sec 20 degrees 120 Hz 

Hilly 20 micro sec 30 degrees 190 Hz 

Urban (Micro) 0.3 micro sec 120 degrees 10 Hz 

Indoor (Pico) 0.1 micro sec 360 degrees 5 Hz 

 

1.4 Digital Beamforming 

The Smart Antenna System consists of a number of antenna elements. The signal received on these 

elements is processed in a certain way in order to perform the Beamforming. 

 

It is assumed that the incoming signal wave is plane.  The concept of Beamforming is illustrated in 

Figure 2 below. 
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The weights are chosen so that the beam is steered into a certain direction. If the signal is impinging 

under an angle d, it will be received on the different sensors at different time-instants resulting in 

different phase. The weights are selected to compensate for the phase difference, so that the signals 

from the different sensors are added coherently.   
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Figure 2 - Illustration of digital Beamforming 

2 Issues Related to Smart Antenna Implementation 

2.1 Calibration 

In the RX path it is of importance that the signals that have been received at the different antennas 

see the same delay and phase rotation while they are propagating from the antennas to the 

Beamforming combining unit. 

 

In the TX path, the Beamforming is performed before the signal is transmitted from the different 

antennas. It is important that the phase differences that are introduced in the Beamforming unit are 

preserved while the signal is propagating to the antennas.  

 

The details of this calibration unit are to be defined.    

 

For the carrier frequency of 77 GHz, calibration is very important. The wavelength of the signal is 

just in the range of 4 mm. Normally, an accuracy of just a few degrees is required. Meaning that the 

propagation delay differences between the sensors should be below: 
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2.2 Application Scenario 

Below, the assumptions for the application scenario are listed: 

 

Two transceiver units. Bidirectional communication 

 

Both units use beamforming for their transmission and reception 

 

Line-of-sight is assumed. This means there will just be one dominating waveform propagation   

path 

 

Both units shall find each other, they shall automatically adjust their beam directions 

 

During operation, the antenna directions can change. Thus, an algorithm needs to be developed that 

continuously searches and adjusts the antenna beams directions. 

 

 

2.3 Selection of Smart Antenna Algorithm 

Since line-of-sight is assumed, each transceiver unit only needs one antenna beam that shall be 

steered towards the communication counterpart. Also, no interferer that has to be nulled-out is 

present. Therefore, a simple beamforming algorithm is selected: 

 

Below, the key features of this algorithm as given: 

 

Master/slave mode is used during operation 

 

STEP 1: Timing synchronisation.  

All transmission and reception in this stage is done omni-directional (no Beamforming) 

It is necessary that both units operate relatively to the same timing. The Slave has to adjust its 

timing to the Master, so that it later on during Beamforming can find the start of a pre-defined code 

sequence,  Without common timing, it is not possible to detect the start of the code sequence. 

 

The TX will send out a pilot sequence of length 10ms. This sequence will be received at the Slave 

unit at time “t_prop” after it has been transmitted from the Master. The time “t_prop” is the 

propagation delay through the air. Then, the signal is being processed at the Slave. During this 

processing it searches for the frame start of the Master. All later signals from Master will then be 

relatively to this frame start, 

 

Once the Master frame timing has been acquired by the Slave, it will send a response “in_sync” to 

the Master.  

 

At the same time as the Master has started to transmit its synchronisation pilot sequence, it also 

starts listening for the Slave response. This signal is expected 2⋅ t prop tproc  later. But since the 

processing time and the propagation delay are not known, it will start it search at its own frame 

timing 

 

The timing relationship between Master and Slave is illustrated below: 
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Figure 3 – Timing relationship between Master / Slave 

 

STEP2: Slave detects angle of arrival and TX beam 

After timing synchronisation is achieved, the Master starts transmitting a predefined code sequence 

in omni-directional mode. The Slave is now using beamforming in its signal reception. A set of 

fixed predefined weights is evaluated. The beam with the highest resulting signal power is chosen 

for receiving the signal. 

 

This is illustrated in the example below. In there, the signal that has been transmitted from the 

Master will probably be received with the strongest power in Beam 7. 
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Figure 4 – Searching DOA at the slave unit 
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Once, the Slave has found the antenna beam to be used for reception it will start transmitting a code 

sequence to the Master. Since line-of-sight is assumed, the TX beam of the slave is the same as the 

RX beam. 

 

STEP3: Master detects angle of arrival and TX beam 

Once the Master has started to transmit its code sequence, it will also listen to the Slaves response. 

The same detection procedure as for the Slave is applied. 

 

Step4: Maintaining the link 

During operation, the positions of the antennas might change. Therefore, it must be searched 

continuously for the beams resulting in largest signal power.  

Three functions are used for that: 

1) If Beam N is used, the SNR in Beam N-1 and N+1 is continuously monitored. If 

necessary, it is switched to the neighboured beam. 

2) In a fixed interval, a round scan of all beams is performed. This round scan shall be 

performed more often that the antenna positions are assumed to change. The interval is 

configurable and depends on the application 

3) If the error rate of the overlaying transmission reaches a threshold value, a round 

scan is initiated. 

 

 

2.4 Exchange of Control Information 

 

- In synch status. Master shall continuously send an omni-directional timing reference 

signal, and the slave shall continuously listen and respond to it with “in_synch” 
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