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Sparsity in Channel

Wireless Communication Channel

tap1

Sparse in lag domain

Channel is sparse in time
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Sparsity in Channel

OFDM Channel Model

y=XFh+v

y € CN¥1 is the received vector after FFT

X € CV*N contains data symbol and pilot symbols along the diagonal
F € CN*L(N > L) contains the first L columns of N x N DFT matrix
v e CV1 ~ CAN(0,0°T) is the AWGN noise

h € Ct*1 is the time domain channel response



Sparsity in Channel

Channel Model using Pilots only:

[ pilot symbol
Data symbol

yp = XpFph+v,, (P <L)
= ¢ph+vp



SBL Framework

SBL Framework

h~CN(O,T), T =diag(y(1),...,7(L))

SBL estimation problem:

h = arg max p(y,|h;7)p(h; 7)

h,yeR,!
— X,Fph|3
= arg minw + log|F| + h"'T~h
h,VERS_XI g

Instead of estimating h directly, we estimate ~ first using type Il
ML estimate as given below

AmL = arg max p(y,; )
’yERiXI



SBL Framework

EM algorithm

L

o |h(i)|?

(h;7) = | | (mv(1)) lexp [ -4

P ,1;[1 K p< (i) )
E-step: Q <7|’Y(r)) = Eppy, 10 [log p(y,, h;7)]

() = arg max Q (vh”)
yeREX!

WED(i) = (0, 1) + ()P
Probability densities:

p (hlypi1?) = CA (1, %)
T T T

M-step: vy



SBL Framework

Algorithm 1 SBL for estimating time domain channel taps
Input: y,, p, rmax and e.

Initialize ® =1, Set difference = 1, r =0
while (difference> € and r < rimax)

E-step: =0 ?Y¢lly,

¥ =) — T (621p, + ¢l (DgH) ™ 6,T()
M-step: Y D7) = X(i, ) + |pf? for i = 1,2, ..
difference £ |1 — 4|2, r + r+1 end
output: ,u,,fy(’)

L

*




Implementation in GNU Radio

Introduction to GNU Radio

@ A software development tool kit with signal processing
blocks written in C++/Python.

e GRC (GNU Radio Companion) is the user interface for GNU
Radio.

@ Can be used with external RF hardware (such as USRP N210)
to create Software Defined Radio(SDR).



Implementation in GNU Radio

System architecture

System Architecture

Hardware Frontend Host Computer

USRP

ADC/DAC and .
— Digital Frontend USH gLy Rociy

(Mothermoard) 2.0 Software

RF Frontend
(Daugtherboard)

http://mobiledevices kom.aau.dk/fileadmin/mabiledevices/teaching/sof tware_testing/Gnu_radio_lecture.pdf



Implementation in GNU Radio

OFDM Chain in GNU Radio

GNU Radio blocks

Binary Constellation OFDM subcarrier Add cyclic
input —™  mapper mapping e > > Re

prefix (RF)

OFDM-Transmitter chain for DATA

GNU Radio blocks

Decode Constellation OFDM Channel est Remove USRP
bits <«— demapper -«— sSubcarrier < & “*— FFT * Cyclic -<— (RF)
d Equalization prefix

OFDM-Receiver chain for DATA



Implementation in GNU Radio

Frame structure
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Implementation in GNU Radio

Implementation in GNU Radio

Implemented following channel estimation algorithms:
e SBL
e LS

@ Linear interpolation



Results

Results for 2 tap channel

3-tap Channel impulse response

1o __Comparision be(ween Ls-interpolation and SBL for 2 tap channel — sl
[ —— LS—mlerpolauon with 50 pilots
\ =)= LS—interpolation with 25pilots
8 === SBL with 25pilots
st | S—interpolation with 100 pilots o004
SBL with 50 pilots
107F
o003
& H
u £
o g
£
0002
10°E
o001
107
0 5 10 15
SNR in dB

@ system configuration:FFT-size=512,
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Results

Results for 3 tap channel

3-tap Channel impulse response
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Results

Results for 4 tap channel

,  Comparision helween LS-interpolation and SEL for 4 tap channel
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Results

Summary

@ Implemented SBL, LS-interpolation based channel estimation
algorithm in GNU radio and created the automated PER
setup.

@ Results confirm that SSP algorithms can work in real time and
indeed can perform better with fewer observations.



Future work

Future Work

@ channel estimation and data detection using SBL and other
SSR based algorithms using pilots in data symbol alone, and
performance comparision with traditional OFDM channel
estimation techniques.
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