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• In a wireless, multi-user, mobile environment, Base Station antennas must:

✓ Dynamically steer the signal (beam) to the User Equipment

✓ With a suitable power

✓ Based on channel conditions

• STATEMENT – MATLAB implementation of power allocation and adaptive
beamforming through a [UE location, Power required] look-up table based
on downlink channel conditions and path loss
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• Understanding of LTE-PHY and enabling technologies

• Recreate modules that implement Modulation and Coding

• Pilot-based OFDM Channel Estimation

• Path Loss calculation

• Distance Based Power allocation

• Adaptive beam-steering through antenna array
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LTE NOMENCLATURE
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UE = User Equipment

eNB = Enhanced 
Node Base Station
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PILOT-BASED DOWNLINK OFDM 
CHANNEL ESTIMATION
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SPECIFICATIONS - LTE PARAMETERS
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Specification No. Description

TS 36.101 User Equipment (UE) radio transmission and reception

TS 36.104 Base Station (eNodeB) radio transmission and reception

TS 36.201 LTE physical layer: General description

TS 36.211 Physical channels and modulation

TS 36.212 Multiplexing and channel coding

TS 36.213 Physical layer procedures

TS 36.214 Physical layer measurements

TS 36.305 Functional specification of User Equipment (UE) positioning

TR 36.824 LTE coverage enhancements

TR 36.863 Study on Cell-specific Reference Signals (CRS)

TR 36.897 Study on Elevation Beamforming for LTE
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Sl No Parameter Specifications

1 LTE Version Release 8

2 Layer involved LTE PHY – Layer 1

3 Mode and Duplexing Downlink, FDD

4 Frequency Bands 25 for FDD, 11 for TDD

5 Frequency range 1.9 GHz to 3.8 GHz

6 Subcarrier spacing 15kHz

7 Channel Bandwidth (LTE specified) 1.4-20 MHz

8 Number of Resource Blocks (Depends on BW) 6-100

9 Subcarrier per Resource Block 12

10 OFDM symbols per Resource Block 7

11 Types of Channel Information 6

Sl No Block Specifications

1 Modulator/Demodulator (Adaptive) QPSK, 16-QAM, 64-QAM

2 Scrambler/Descrambler Number of shift registers:31

3 Turbo Encoder/Decoder Rate: 1/3, Block Size: 40-6144

4 CRC Generator/Detector Length: 24 bits

5 FFT (Block size depends on Bandwidth used) Size: 128-2048



• INTRODUCTION

• LTE PHY MODULATION AND CODING

• PILOT-BASED CHANNEL ESTIMATION

• POWER ALLOCATION

• ADAPTIVE BEAMFORMING

• FUTURE WORK

• REFERENCES

16
R.V.COLLEGE OF ENGINEERING, 21-5-2016



Understanding of LTE-PHY

• Downlink – eNodeB to UE

• Air Interface – OFDM

• Enabling Technologies

➢MIMO – MU-MIMO

➢TX, RX DIVERSITY

➢LINK ADAPTATION
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Modulation and Coding

• Adaptive Modulation – QPSK/16-QAM/64-QAM

• Scrambling– Gold sequence (31 bits)

• Turbo Coding (Rate 1/3)

• Open source codes

➢ Rate Matching

➢ Codeblock Segmentation

• Channel Processing

• Reverse sequence at receiver
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RESULTS – TURBO CODING
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RESULTS – EARLY TERMINATION
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• Turbo Coding consumes almost 90% of runtime so far

• This can be reduced by generating CRC bits

• Only last 24 CRC bits checked, thereby reducing runtime
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RESULTS – RATE MATCHING

R.V.COLLEGE OF ENGINEERING, 21-5-2016



24

OVERALL BLOCK 1

R.V.COLLEGE OF ENGINEERING, 21-5-2016



Pilot-based OFDM Channel Estimation

• Multipath Fading – Frequency Selective

• Mobility – Doppler Effect

• Resource Grid Configuration

➢ Six types of signals

➢ CSR – Pilot Signals

➢ Reference Generation– Open Source

• Resource Element Mapping

• OFDM Signal Generation

• Channel Modeling and Estimation
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RESOURCE GRID ON ANTENNA PORTS
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LTE RESOURCE GRID
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RESOURCE GRID CONFIGURATION
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RESULTS – Fixed BW, Varying 
Modulation Scheme (QPSK, 16-QAM)
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RESULTS – Varying BW (1.4, 3, 5 MHz) 
Fixed Modulation Scheme
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RESULTS – PILOT SIGNAL GENERATION

R.V.COLLEGE OF ENGINEERING, 21-5-2016



34

RESULTS – RESOURCE ELEMENT MAPPING
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One Resource Block 
has 12 subcarriers of 
15kHz each. For BW 
= 1.4MHz, there will 
be 6 Resource Blocks

One Subframehas 14 OFDM symbols. A frame is made up of 10 subframes
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RESULTS – RESOURCE ELEMENT MAPPING
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MIMO TRANSMISSION MODES
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TRANSMISSION MODE 5 – MULTIUSER MIMO
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EQUALIZER EFFECT
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EQUALIZER EFFECT
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Path Loss calculation

• Pt – Transmitted Power (Notified to UE)

• Pr – Received Power (Measured by UE)

• 10*log (Pt / Pr) – Path Loss

• OkumuraHata Model

Ploss = 69.55 + 26.16*log10(frequency) - 13.82*log10(hte) + (44.9 - 6.55*log10(hte))*log10(distance);

• RearrangedOkumuraHata Model

Distance = 10.^((Ploss - 69.55 - 26.16*log10(frequency) + 13.82*log10(hte))/(44.9 - 6.55*log10(hte)));
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RESULTS
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Determination of (r,θ) of user – DoA Estimation – MUSIC Algorithm

Power allocation – Power Control through Open-loop Feedback Techniques

(r,P) Look-up table for entire cell – Obtaining relation between the two variables

Repeating entire process for multi-user MIMO
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Downlink Power Control

• Power control refers to the strategies or techniques

required in order to adjust, correct and manage the power from the base station and the

mobile station in an efficient manner.

• It minimises the necessary transmission power level to achieve good

quality of service. This reduces the co-channel interference in other

cells, which increases the system capacity.

• Open-loop power control
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Distance Based Power Allocation

• The distance-based power allocation algorithm (DBPA) uses the distance between 
base station and each mobile station to allocate transmitted power to each each
of its served mobile.

• The DBPA algorithm computes the transmitted power of mobile m according to 
the following equation:

• k=positive constant, R=maximum range, n= real positive value,d= distance 
between MS and BS.
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RESULTS-DBPA
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BLOCK DIAGRAM
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METHODOLOGY

Adaptive beam-steering from antenna – LMS Algorithm
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METHODOLOGY

 MATHEMATICAL MODELING

 ANTENNA ARRAY PATTERN – For n arrays, separated by a uniform distance d, 
oriented at angle θ, having weights wn, Array Factor (AF) is given as:

 BEAMFORMING ALGORITHM –The weights for LMS algorithm is given as:
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TRANSMISSION MODE 7 – UE BEAMFORMING
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RESULTS
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Desired signal arrives at an angle of 45 degrees – MAXIMISE POWER

Interferer signals arrive at 30, 60 degrees – STEER NULLS

POLAR, AMPLITUDE PATTERN OF RECEIVED BEAM – MAXIMA AT 45 DEGREES, NULLS AT 30, 60 DEGREES
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SAME DIRECTIONAL VALUES WITH NUMBER OF ANTENNAS INCREASED FROM 5 TO 10
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FUTURE SCOPE – AT WIPRO

• IMPLEMENTATION OF MIMO, LINK ADAPTATION ALGORITHMS

• CHANNEL-DEPENDENT SCHEDULING

• CONVERSION OF MATLAB CODE TO C

• IMPLEMENTATION ON TI DSP BOARD

• DEVELOP RELATION MATRIX BETWEEN PHYSICAL, LOGICAL ANTENNA
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