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Towards 5G: LTE and WLAN will Continue to Play a Key Role

Tight integration
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A 5G vision

Use cases

• Ultra mobile wideband

• Enhanced capacity

• Massive device connectivity

• Robust IoT

Requirements

• Ultra broadband

• Ultra narrowband

• Reduced latency

• Massive device connectivity

• Energy saving

• Cost reduction

• Tight interworking with LTE

Solutions
• Existing & new bands

(below and above 6GHz)

• Carrier aggregation

• New waveforms

(OFDM based?)

• Massive MIMO

• Flexible duplex

• Shorter TTIs

• Advanced receivers

• Flexible cells (micro, pico, 

femto)
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Agenda

 4G

– LTE System Toolbox

– WLAN System Toolbox

– Working with real signals: SDR

– Examples:

 LTE 8x8 link modelling

 WLAN beamforming

 Interference suppression in LTE with Phased Array System Toolbox

 5G

– FBMC, UFMC modelling

– LTE and UFMC modelling
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LTE and WLAN with MATLAB
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What is the LTE System Toolbox?

 Standard-compliant physical layer models in MATLAB: 

Releases 8, 9, 10, 11 and 12

 Scope:

– FDD / TDD

– Uplink / Downlink

– Transmitter / Receiver

– Conformance tests & link level simulation

 ~200 functions for physical layer modelling
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LTE System Toolbox: Capabilities

 Physical Signals

 Physical Channels

 Transport Channels

 Control Information

 OFDM/SC-FDMA Modulation/Demodulation

 Reception and recovery:

– Synchronisation

– Channel Estimation

– Equalisation

– Cell search procedure

 Channel Models

 Functions for Test and Measurement

Coding/decoding

Comprehensive
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Quick Example: Easy LTE Signal Generation
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Toolbox Granularity: Low and Mid Level

Low level functions

Mid-level functions

PDSCH Example
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Toolbox Granularity: High Level (Signal Generators)

GUI Based

MATLAB function
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Example: Full Transmit and Receive Chain

lte wavewform lte receiver

EVM

crc

x

f1

lte wavewform x

f2

lte wavewform x

f3

x

f1

 Release 12 carrier aggregation
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WLAN System Toolbox

 Standard compliant physical layer models:

– 802.11ac

– 802.11n

– 802.11p

– 802.11a/b/g/j

 Transmit and receive capabilities

 Open customizable MATLAB code

 C-code generation enabled with MATLAB Coder



13

Supported WLAN Standards

Standard Bandwidth 

(MHz)

MIMO Designation

802.11ac 20, 40, 

80, 160

Up to 8 spatial streams,

MU-MIMO
VHT
Very High Throughput

802.11n 20

40

Up to 4 spatial streams HT
High Throughput

802.11g 20 N/A Non-HT

802.11a 20 N/A

802.11b 20 N/A

WLAN Toolbox uses the VHT, HT, Non-HT naming convention
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Quick Example : Generate WLAN Signal
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Toolbox Granularity

Short Training Field

 Generate fields individually
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Typical Use Cases for LTE & WLAN System Toolboxes

Golden Reference for Verification
Does my design work as it should?

End-To-End Simulation
How do design choices affect system performance?

Does my system conform to the standard?

Signal Generation/Analysis
Test with live data

Signal Information Recovery
Decode real-world signals 

Throughput?

Quality?

LTE & WLAN 

System Toolboxes

Baseband waveform 

analysis

LTE & WLAN 

System Toolboxes
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LTE and WLAN with MATLAB: Working with Real Signals
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Hardware & Radio Connectivity

LTE LTE
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LTE Scanner: System Setup

Baseband Waveform AnalysisRF Signal Capture

&

LTE System Toolbox™

HW Support 

package

USRP SDR platform
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Working with Off the Air WLAN Signals 

5 GHz

Baseband Waveform AnalysisRF Signal Capture

HW Support 

package

SDR platform

&

WLAN System Toolbox™
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Practical Demos
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Example: LTE Multi-antenna Throughput Simulation

 Up to 8x8 antenna scenario

 Fully flexible

 TDD Duplexing

 Supports beamforming or spatial multiplexing

– Support for transmission modes TM7, TM8, 

TM9 and TM10
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System Setup

frame

D DS U U D DS U U

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

frame

D DS U U D DS U U

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Estimate channel 
in UL subframes

Calculate 
beamforming for 

DL subframes

H

W
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Beam-steering Matrix Calculation

 Use UL subframes for channel estimation

 Use that estimate to calculate beamsteering matrix

 Apply beamsteering in DL subframes

estimate

channel

calculate W

precode

Uplink

subframe

Downlink

subframe

Downlink

subframe

estimate

channel

calculate W

precode

TDD frame, configuration 1 frame

D DS U U D DS U U D S UDU

estimate

channel

calculate W

precode
estimate

channel

calculate W

precode

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9



26

Example: WLAN (802.11ac) Beamforming

 Study the effect of different beamforming techniques in WLAN environment

802.11ac
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System Model: Spatial Expansion vs. Beamforming
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Spatial Expansion vs. Beamforming
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Example: Interference Cancellation with LTE Signals

 Interference cancellation with LTE signals

 Cell edge scenario

 Phased Array System Toolbox

 LTE System Toolbox
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LTE Interference Cancellation using Antenna Arrays
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4G to 5G Evolution
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A 5G vision

Use cases

• Ultra mobile wideband

• Enhanced capacity

• Massive device connectivity

• Robust IoT

Requirements

• Ultra broadband

• Ultra narrowband

• Reduced latency

• Massive device connectivity

• Energy saving

• Cost reduction

• Tight interworking with LTE

Solutions
• Existing & new bands

(below and above 6GHz)

• Carrier aggregation

• New waveforms

(OFDM based?)

• Massive MIMO

• Flexible duplex

• Shorter TTIs, small latency

• Advanced receivers

• Flexible cells (micro, pico, 

femto)
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How Can Today’s MATLAB Help?

Antenna-to-bits simulation
Design and verify wireless systems

Over-the-air testing
Validate models with SDR and RF instruments

Prototyping and Implementation
Deploy algorithms onto target system

Design continuity from simulation to prototyping to implementation 

Simulation

Testing

Implementation
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Some 5G Challenges and our Solutions

 LTE and WLAN Evolution

– LTE and WLAN System Toolbox

 New Modulation Schemes: FBMC, UFMC, etc…

– MATLAB & Communication System Toolbox

 Beamforming and Massive MIMO

– Phased Array System Toolbox & Antenna Toolbox

 New Frequency Bands: mmWave

– SimRF & Antenna Toolbox

 Advanced Receivers:

– DSP System Toolbox & Communication System Toolbox

 Hardware Prototyping: Fast FPGA Prototyping

– HDL Coder: Automatic VHDL Generation

– SDR Support Packages
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 5G systems require:

– spectral efficiency

– relaxed synchronization requirements

 Majority of candidates: Multi-carrier, 

Non-Orthogonal waveforms

 Some candidates:

1. OFDM

2. FBMC: Filter-Bank Multi-Carrier

3. UFMC: Universal Filtered Multi-Carrier

4. GFDM: Generalized Frequency 

Division Multiplexing

5G Waveforms: New Modulation Schemes
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Filter-Bank Multi-carrier (FBMC)

 Introduce per-subcarrier filtering to reduce the side-lobes

 Couple of implementation options:

– Frequency spreading (extended iFFT/FFT)

– Poly-phase network (more efficient, commonly employed)

Disadvantages:

 Non-orthogonal in complex plane, overlapped symbols

 A more complicated receiver structure, esp. for MIMO
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Universal Filtered Multi-carrier (UFMC)

 Filtering applied per sub-bands (not per sub-carrier as in FBMC)

– Filtering parameterized by side-lobe attenuation

– Reduced filter length (compared to FBMC)

– Good for short bursts, suited for uplink with multiple users

 Orthogonal in the complex plane

– use QAM symbols, reapply MIMO schemes

 Receiver complexity

– Similar to OFDM, use per subcarrier equalization
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Evaluating the Performance of UFMC

UFMC modulation Channel UFMC demodulation Channel estimation 
& equalization

• Need reference symbols

• Need a realistic signal structure

LTE resource grid

LTE System 

Toolbox
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Uplink UFMC 
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Interference Reduction using Massive MIMO

 Separate users in space

 Measure interference

 LTE System Toolbox

 Phased Array System Toolbox
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System Setup

UE: Signal decoding
CRC
Interference

LTE waveform Beamform: N antennas

LTE waveform Beamform: N antennas

LTE waveform Beamform: N antennas

Sum


