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Abstract

Orthogonal Time Frequency Space modulation (OTFS) has emerged as a promising candidate
for reliable communication in doubly spread wireless environments. Unlike traditional mul-
ticarrier systems that operate in the time-frequency domain, OTFS modulates information in
the delay-Doppler domain, providing robustness against doubly selective channels. This the-
sis investigates two critical aspects of OTFS-based communication systems: low-complexity

channel estimation and efficient multiple-access techniques.

First, we develop a low-complexity channel estimation algorithm for single-antenna Multi-
Carrier OTFS systems employing practical rectangular pulse. The developed method is de-
signed to accurately estimate channel with fractional delays and Doppler shifts by employing
two key properties of OTFS modulation: (i) the fine resolution in the delay-Doppler do-
main that enables separation of individual paths, and (ii) the separability of the effective
delay-Doppler domain channel expression into individual delay domain and Doppler domain
terms. These features are utilized to formulate an iterative estimation procedure that indi-
vidually estimates the delay, Doppler shift, and complex gain associated with each multipath
component. Unlike existing approaches, the developed method avoids matrix inversion, re-
sulting in significantly reduced computational complexity. Simulation results demonstrate
that the algorithm achieves better normalized mean square error performance compared to

several existing techniques.

Second, we present a multiple-access technique for Zak-OTFES systems, that supports up-
link communication from multiple users having diverse channel characteristics over a shared
time-frequency resource, ensuring compatibility with existing communication frameworks.

The developed method employs modified transmit and receive filters in the native delay-

v



Doppler domain of Zak-OTFS to allocate users distinct, non-overlapping time-frequency
regions without requiring any guard bands. Analytical evaluation of the resulting time-
domain signal confirms that each user’s transmission remains confined within its assigned
time-frequency region. Numerical results further demonstrate that the developed method ef-
fectively suppresses multi-user interference for sinc and root raised cosine filter, achieving bit
error rate and normalized mean square error performance comparable to single-user systems,

even under severe Doppler spreads.

The techniques presented in this thesis contribute toward the realization of OTFS systems
in next generation networks by addressing the key challenges of channel estimation and mul-

tiple access in doubly spread wireless environments.
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ST eTsH thigadt Wg Iﬁ?ﬁ@%ﬁ (OTES) fg-fa=aiia (doubly spread) IR gfeant
T fasgaiig T9R & oIy T SMeIsie dabeleh & 9 H I &1 TRURSE Hecihday YuMterdl o
faudid, St gHg—3mgRy (time—frequency) A H &d &t &, OTFS G & facida—2iwer (de-
lay-Doppler) A H Higgclc a8, foiad a8 fg-=aa-1ate (doubly selective) et o fd 3iferes
q4E 9dT | TE Y-UaY OTFS-3ATHTRA TR JuMferdi o & Hecaqul Ugqall 1 Aea Hedl e
Fr=T-SifeetdT IeT TRt q2T F0et Jg-3UTITehd] ATHITH dehrilch |

T, §H ATdETh IAATRR Jed ol ITTNT i dTelt Tehdd-UcHHT Heel-chera?k OTFS Wotferat
& foTq Uk f-sifedar 9-at strehetd Taniiea] fadid oid & | I8 faenfara fafer fomir faee (frac-
tional delay) Td 2ok fI%e & |1 Al T Tk ATehele & ag OTFS IS & 3§ W&
TOTT T IUANT Xl &: (i) Facia—Sioer S § 3= fawie e, STt SAfaTa ol & JeIaaheon &l
TG AT &, IUT (i) Tt fada—8er S 9er tfieafad i fade 1A+ Ud SR Sia ue) |
GYFHUTIAT| S T[0T o HATYR U Ueh YRIG (iterative) ATehetl UfohdT faai¥d i 8 8, S U
JgUY Hagd I GefAd facid, Ser e ud Sifee 7 1 geh-gerds AT @l &1 Hisyal fafaat
& faudia, g% faefia veniar Afead gasi= T 99T &, [oad ST Stfeddr § Jeaia1a Sl
AT & | Feeie aiRurmd qerid ¢ fob wEdtfad TeriiiRa] o8 HiS[al dehriichl ohl Joil H Saar ArHT=idhd
A1eg it Ffe (NMSE) Waef Ured &t g

fadia, 87 Zak-OTFS WUTferdl & Ty ek Sg-3UdNTehd | SATRTH dehrilch U¥dd id &, Sil |3
Y- Hre OR fafoe 9=t faivarati aret stes Iudieahdiat © 3rdfeich e sl el it
? AT HISIET GAR Sldl o G GI1d 91 Wil & | T8 fashi¥d fafer Zak-OTFS & w@arifaes fade—giwr
S | GRNTed Ueh Ta el Theeel ot IUANT o SUARTShAlst el 1971, TR-3rfaeardt ewa—amgha
&3l H 3dfed oedt v, dg off fordt e dg & aedar & o1 Rt Iag-giia Tohd &l
faseiuTTee sreaas g gt oear € fok Ucdes Sudivehatl ot et 3o fafde wa—smgf &=
qeh &1 FT8d 8T & | ST Uy g ot 3e1fd & foh g faafard fafer sine Q9T root raised cosine
lheedl & folT 9g-SualiTehal BEd&U ol THTH! €U § & il ¢ & AR Acafeie 2o faear &1 f@fa
H ol TehcT-3UdNTehdl YUTTferdl o ded foe 3fe X (BER) Ud AT H1ed a7 Ffe (NMSE) UaeH
UTCT LT B

T MY-UdY H YA deheileh (- [AEdTRd arRRAd URA # 9-1et SATehel Ud Ig-3UaNTehd! ATHITH
Y TS U@ A1 T FHTLT U il @ qT 3Tl Ule! oh Aedehi #§ OTFS YUMo & ATdglieh
HI-aE i & H Ueh Ageaqul JTar UeH ! &l
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