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Abstract—In orthogonal time frequency space (OTFS) mod-
ulation, the delay-Doppler (DD) spread in the channel causes
interference across DD domain information symbols, degrading
detection performance. In this paper, we propose and investigate
a novel idea of DD channel projection in OTFS receivers towards
the mitigation of interference due to DD channel spread. In
conventional OTFS receivers, the received time domain (TD)
signal is first transformed to frequency-time (FT) domain through
a projection operation matched to the transmit waveform. The
proposed idea in this paper is to achieve the TD to FT domain
conversion without much distortion through the use of better
orthonormal functions for projection. Towards this goal, the
proposed receivers use projection functions that are based on
DD channel knowledge. Two such receivers are proposed. The
first receiver, termed as the effective path (EP) receiver, uses a
projection function that is obtained based on an approximate
characterization of the multipath channel as a channel with a
single effective path, and the received signal is projected onto this
effective path. A cost function is defined for this purpose, which
is maximized to obtain the effective path. In the second receiver,
termed as the concatenated paths (CP) receiver, the received
signal is projected onto multiple paths and the resulting projected
signals are concatenated to obtain the overall DD channel matrix.
Simulation results show that the proposed EP and CP receivers
offer good interference mitigation, resulting in significantly better
performance compared to the conventional receiver.

Index Terms—OTFS modulation, delay-Doppler domain, DD
domain interference, DD channel based projection, interference
mitigation.

I. INTRODUCTION

Next generation wireless communication systems (e.g., 6G)
strive to ensure reliable communication even in scenarios
characterized by high mobility/Dopplers. Orthogonal time
frequency space (OTFS) waveform is an attractive waveform
that offers superior performance in high-Doppler channels [1]-
[3]. In OTFS, at the transmitter, the information symbols are
embedded in the DD domain which are converted to time
domain (TD) for transmission. At the receiver, the received TD
signal is converted back to DD domain where the transmitted
symbols are detected. Due to delay and Doppler spreads in
the channel, the received DD domain signal at the receiver
experiences interference across data symbols which affects
performance [4]-[7]. This interference is more pronounced
in the case of fractional delays and Dopplers [8]-[10]. Our
focus in this paper is to mitigate this interference to improve
performance. In this regard, we note that the TD to FT
domain conversion operation at the receiver can be viewed
as a projection operation of the received TD signal onto a set
of functions matched to the transmit waveform. We further
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note that the TD to FT domain conversion can be achieved
without much distortion if better functions are used for the
projection. In particular, if the parameters of the projection
function used in the TD to FT domain conversion are chosen
based on the channel’s delay and Doppler spreads, it can offer
the advantage of accurately recovering the symbols as such
projections can mitigate the interference effects caused by the
channel spreads.

Specifically, we propose two novel receivers for OTFS
that use projection functions that are based on DD channel
knowledge. The first proposed receiver, named as the effective
path (EP) receiver, uses projection functions that are obtained
based on an approximate characterization of the multipath
channel as a channel with a single effective path, and the
received signal is projected onto this effective path. A cost
function is defined for this purpose, which is maximized to
obtain the effective path. The effective path is so chosen to
reduce interference by making the DD channel matrix close
to the identity matrix, which is the ideal desired channel
matrix. The idea in the second proposed receiver, named
as the concatenated paths (CP) receiver, is to use multiple
paths for the projection, potentially getting complementary
views of the same underlying signal and use these projections
for obtaining the DD signal for detection. Accordingly, the
received signal is projected onto multiple paths and the result-
ing projected signals are concatenated to obtain the overall
DD channel matrix. We evaluate the bit error performance
of the proposed receivers in comparison with that of the
conventional receiver, by considering minimum mean square
error (MMSE) detection. In addition, we consider an iterative
soft interference cancellation based detection and assess the
closeness of the performance of the proposed receivers with
a lower bound on the performance of the optimum maximum
likelihood (ML) detection. The proposed EP and CP receivers
are shown to offer good interference mitigation, resulting in
significantly better performance compared to the conventional
receiver. Also, the proposed receivers along with the iterative
soft interference cancellation based detection achieve close to
the lower bound on the optimum detection performance within
about a dB at high signal-to-noise ratios (SNRs).

II. OTFS SYSTEM MODEL

At the OTFS transmitter, M N information symbols are
multiplexed in the DD domain to obtain an M x N symbol
matrix Xpp € AM>*Nwhere A is the modulation alphabet
from which the information symbols are drawn. M and N
denote the number of bins along the delay and Doppler



domains, respectively. The widths of the delay and Doppler
bins are T/M and Af/N, respectively, where Af = 1/T,
and B = MAf and NT are the bandwidth and time duration
of transmission, respectively. The symbols in the DD domain
are converted to FT domain using inverse symplectic finite
Fourier transform (ISFFT), i.e., the DD domain symbol martix
Xpp is converted to an FT domain matrix Xpp € CM*N ag

Xpr = Fyy XppFY, (D

where F,; is the unitary discrete Fourier transform (DFT)
matrix of size M. The Xpr matrix is then converted into a
continuous time domain signal using Heisenberg transform as

M—-1N-1
2(t) =Y Y Xpp[m,n]g(t — nT)e> AT ()

m=0 n=0

where ¢(t) is the transmit pulse. The above FT domain to time
domain conversion operation can be viewed as using a set of
M N orthonormal functions

{¢m,7L,0,0(t) tme {Oa o 'aM - 1} NOAS {Oa o 'aN - 1}} (3)

for converting Xpr into the continuous time domain signal as

M—-1N-1

z(t) = Z Z Xer[m, 1] ¢mn,0,0(t), “4)

m=0 n=0

where the (m,n)th orthonormal function ¢y, p -, (t) is
¢m,n,r,u(t) — g(t—nT—T)ejQﬂmAf(t_nT_T)eij/(t_T). 5)

The time domain signal x(t) is passed through a doubly-
selective channel, which is considered to have P paths in the
DD domain, where the ¢th path has delay 7;, Doppler shift v;,
and fade coefficient h;, and the channel response is represented
in the DD domain as h(r,v) = Zlil hio(t — 1)0(v — 1vy),
where 7;8 and v;s are assumed to take fractional values. The
received time domain signal y(t) is given by

P

y(t) = 3 ha(t — 1) T (), ©)
i=1

where w(t) is the additive white Gaussian noise (AWGN). To
recover the DD domain information symbols from y(t), the
approach involves first obtaining the FT domain signal from
y(t) and transforming it back to the DD domain for symbol
detection. The time domain to FT domain conversion is done
through Wigner transform as

Yrr[m,n] = Ag,y(f.1) |f:mAf,t:nT’ )

where the ambiguity function A, ,(f,t) is given by

A1) = [ 47 = toe > Dar

From (2), (4), we note that (6) can be written as

M-1N-1

o
y(t) =Y hi > > Xpr[m, nlémnr (1) +w(t), ©)
=1

m=0 n=0

i.e., the effect of each path of the received signal can be written
as the linear combination of M N orthonormal functions
(different set of orthonormal functions for different paths).
Therefore, (7) can be written as

Ypr [mlvnl} = (Y(t), dm’ i 70 (1)) |7—:O,u:0’

where (a(t),b(t)) denotes the inner product of signals a(t)
and b(t), ie., (a(t),b(t)) = [ a(t)b*(t)dt. Now, the input-

. A A
output relation between ypr = vec(Ypr) and xpr =
vec(Xpr) can be written in vector form as

(10)

P
YFT = Z hngf)rXFT +w = Hprxpr + W,

(11)

i=1
where HY), € CMNMN with HO [(W/'M + m/,nM +
m] = <¢m,n77i7ui<t);d)m’,n',r,u(t)) ’T:O,V:O and HFT =

Zil hngr)F, and the elements of w are the projections of
AWGN onto the set of orthonormal functions. Upon obtaining
Y7, the corresponding DD domain matrix Ypp is obtained
by applying symplectic finite Fourier transform (SFFT) as

Yoo = F{ YerFy, (12)

. A
and the end-to-end relation between xpp = vec(Xpp) and

YDD 2 vec(Ypp) can be written as (using the property
vec(ACB) = (BT ® A)vec(C) [11])

yop = (Fy @ Fip) Hpr (FN @ Far) xpp + W
= Hppxpp + W,

where Hpp = (FN & FJ\H4) Her (Fﬁ & FM) is the DD
domain channel matrix, and w = (Fy ® F£ )W is the DD
domain noise vector. Since the components of w are the
projections of AWGN onto a set of orthonormal functions, the
components of w are i.i.d Gaussian. Further, as w is converted
to w through an orthonormal operation (Fy ® F1 )W, the
components of w are also i.i.d Gaussian. Detection algorithms
can be applied on the vectorized DD domain system model in
(13) to obtain the decoded information symbols.

13)

III. PROPOSED DD CHANNEL PROJECTION BASED

RECEIVERS
In this section, we introduce the proposed DD channel

projection and two receivers based on this projection. In
conventional OTFS receivers, the FT domain matrix Ygr
is obtained through the projection of y(t) onto the set of
orthonormal functions {¢.,, n/ -, (t)} at 7 = v = 0 (see
Eqn. (10)). This choice of 7 = v = 0 in {¢p n/ .+ (t)} for
the projection implies that y(¢) is matched to the waveform
on the transmit side (see Eqn. (7)). The choice of 7 and
v parameters in the projection function {¢y, ./ -, (t)} can
influence the retrieval of DD domain symbols. In particular,
when these parameters are chosen based on the channel’s delay
and Doppler spreads, it can offer advantages of accurately
recovering the symbols as such projections can mitigate the
interference effects caused by the channel spreads. Motivated
by this, we consider receivers that use projections with 7 # 0,



v # 0 in {¢m nr.(t)}, chosen based on DD channel
knowledge. In this case, Yrr[m',n’] can be expressed as

= (y () Pmt (1))
1N—

Z XFT m n (ybm n,Ti, 1/7( )7¢m’,n/,f,u(t)>
<bm n w(t)>~

The computation of the elements of the Ypr matrix as
per (14) needs the computation of the inner products
(Dmonri s (£), Gms mr .0 (t)). For this, we derive an analytical
expression for the inner product between any two orthonor-
mal functions @, ny. 700 (£) a0d @iy 1y 7.0, (£), denoted
by (P nt 101 (1)s Pmoona,rawe (t)), Which is given in the
Proposition 1 below (proof is omitted here due to page limit).

(14)

Proposition 1. When g(t) is a rectangular pulse of unit
energy, iLe, g(t) = ﬁl{OSKT}v the inner product

(D, rrn (8), P ng ma.0s (£)) is given by (15) given at the
bottom of this page.

The entries of the FT domain channel matrix Hpgr
in (11) are given by Hpr[n'M + m/,nM + m]
Zilhi (Dmon,rs i (t), Pms e 0 (£)), and the DD domain ma-
trix Hpp can be obtained from Hpr through the relation in
(13). Depending on the choice of parameters 7 and v used for
the projection, Hpp varies and thus the received signal ypp.
Different choices of 7 and v gives rise to different receivers.
In the conventional receiver, {¢, n/ 7, (t)} With 7 =v =0
are the set of orthonormal functions used for the projection,
i.e., the same set of functions that are used for transmission.
The set of orthonormal functions used for transmission in (4)
is different from any of the P sets of orthonormal functions
(each set corresponding to a propagation path) present in
the received signal in (9), and, as a consequence, the DD
domain received signal matrix Ypp is distorted, influencing
the detection performance. The effect of interference caused
by this loss of orthogonality in the projection in conventional
receiver is mitigated by the proposed receivers presented in
the following subsection.

A. Proposed receivers based on DD channel projection

The idea is to restore the transmitted TF domain signals
without much distortion at the receiver through the use of

better orthonormal functions for projection using channel
knowledge. Two receivers are proposed. The first proposed
receiver uses projection functions that are obtained based
on an approximate characterization of the multipath channel
as a channel with a single effective path, and the received
signal is projected onto this effective path. A cost function
is defined for this purpose, which is maximized to obtain the
effective path. The idea is obtain the effective path in such
a way to make the DD channel matrix close to the identity
matrix, which is the ideal desired channel matrix. We call
this receiver as the effective path (EP) receiver. For a single-
path channel (i.e., P = 1), the EP receiver turns out to be
the optimum receiver. For channels with P > 1, the EP
receiver is shown to outperform the conventional receiver. In
the second proposed receiver, the received signal is projected
onto N, paths, 1 < N, < P, and the resulting projected
signals are concatenated to obtain the overall DD channel
matrix. We call this receiver as the concatenated paths (CP)
receiver. The idea is that the use of multiple paths for the
projection gives complementary views of the same underlying
signal that allows better performance. The CP receiver is found
to outperform both the conventional as well as the EP receiver.

1) Proposed EP receiver: For every (7,v) tuple, we have
a set of MN orthonormal functions {¢m n-.(t),m =
0,---,M—1,n=0,---, N—1} that can be used for project-
ing y(t). For each of these sets, the DD domain channel matrix
Hpp is different because the elements in Hp are dependent
On @y n,7 (t), and the interference among received data sym-
bols is dependent on Hpp. In order to reduce interference, we
seek to identify a (7, v)-tuple that yields a DD channel matrix
that looks more like an identity matrix (which is the desired
channel matrix ideally without any interference) when pro-
jected onto it. The corresponding (7, ) values define what we
term the effective path. Since we desire Hpp to be as similar to
the identity matrix as possible, one cost function that measures
the similarity between them is the correlation value between
their corresponding vectorized components, i.e., |(hpp, i),
where hpp = vec(Hpp) and i = vec(Isn), and the effective
path can be obtained as (Tef, Vef) = arg max <hg]’3”),i>

(r.v)

where hgb”) = vec(Hgf)V)) and Hg]’;) is the channel matrix
when 7 and v are used for the projection. Since Hpp and Hpt
are similar matrices [12] and trace is preserved, the above cost

)

—j2 &1 —j2mu AT
<¢m1,’n1,71,u1( ) ¢m2 n2,T2, V2 t € Jemm € Jem

(1= se ((W*) (1-

: Av 4 Av AT
]]‘{ATZ()}{IL{ATL—O}QJ%THIMEJW(AMJFAf)(lJr T )

A7) s 1auege O o 3

%sinc ((A + =y )} e—]27rm1— —]27TV1AT]1{AT<O}{H{An_o}e]%rnl AF e]‘rr(Am-&-%)(l-‘r%)

(e ) (o 3)

18% g (am+ %) 47 AT

where AT =711 — 19, AV =11 — v9, Am = m; — ma, and An = ny; — na.
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(a) Conventional Rx projection  (b) Proposed EP Rx projection

Figure 1: Heat maps of the Hpp matrices for P = 3
paths, (a) for conventional receiver with projection using
{®m.n,0,0(t)} and (b) for proposed EP receiver with projection

using {¢m,nfeff JDett (t)}

function can be written as

(ni55".1)]

ITe(HEE )| = yTr<H<FTT’”’>|

‘Zh’le

05 (1 e )
1, is a vector of length M

with all ones, a,;; € with a = e T T),
and b € €Y1 with bV[n] = ¢>™(57). To find
(Teft, Vot), We employ a two step procedure. In the first
step, we find the on-grid component of (Tef,Veg). In
the second step, we find the off-grid component around

(16)

where h} = h;e —j2mvi(Ti— T)e]”( a7

smc((”z ”) (1- TIT_T|)),

(1) (CM><1

7j27rm( kL)

¢ m]

the on-grid component obtained from the first step.
The search space in the first step is ﬁ, %
NS {07 almax}ak € {_kmaxv"' 7kmax} }’ where

Imax = ’—TmaxMAf-L kmax = [VmaxNT—Ia and (Tmax’ Vmax)
are the maximum delay and Doppler of the channel.

The algorithm for finding the off-grid component (around
the on-grid component (7o, Dogt)) The algorithm is an iterative
one, where the search space gets refined with each iteration.
The effective path (7og, Veg) Obtained from Algorithm 1 is
used for projecting y(t) onto the functions {@m n see.ver (£)}
to get the FT signal and subsequently the corresponding DD
domain signal on which detection of symbols is carried out.

The effectiveness of the projection in the proposed EP
receiver compared to that in the conventional receiver is
illustrated in Fig. 1 which shows the heat maps of their
corresponding Hpp matrices. While the conventional receiver
uses the functions {¢y, ».0,0(t)} for projection, the EP receiver
USeS { P n,7orr,i0re (t) } fOr projection. It can be seen that the
diagonal elements of the Hpp matrix in the EP receiver
are more dominant (compared to the off-diagonal interference
terms) compared to that in the conventional receiver, which
is what the proposed projection is intended to achieve. This
interference suppression ability of the EP receiver, in turn,
leads to better bit error performance (as will be shown in the
results and discussion in Sec. IV).

2) Proposed CP receiver: In the EP receiver, there can be
unsuppressed residual interference despite the projection of

Algorithm 1 Finding off-grid component of (7o, Vosr)

Inputs: h;s, 7;s, v;s, on-grid component (Teft, Voft ) s Smax
0
Initialize: s = 1 T(H = Teff, V.
repeat
Search space:
= ( # D MAf—5.1077

off = Uef

2D MAf—4.107°
MAS ’

MAT )

# D MAf45-107° 2 NT—5.10"°
" MAT x NT )
P& NT—4.107¢ P& NT45.107°
NT T NT
~(5) 5()) _ (1) 4
( To » Vot ) = arg max |(hpp”,i

(r,v)erl
Update s =s+1

Until s = s;,ax
Output: (fur, verr) = (757, 05

y(t) onto the effective path to suppress interference. Also, if
the received signal is projected onto any one path among the
P paths, there will be residual interference. This is because, by
projecting y(t) onto (7;,v;), the HY ])3 matrix can be made an
identity matrix but not the HD])D, j # i matrices, and therefore
the overall channel matrix Hpp = Zil hng) will not be
an identity matrix. Since the projection onto any particular
path does not suppress the interference from other paths, we
propose to use multiple paths for the projection, potentially
getting complementary views of the same underlying signal
and use these projections for obtaining the signal for detection.

Towards this, we select N, paths from the P available paths,
1 < N, < P, and use these NNV, paths for projection purposes.
These N, paths are taken to be the paths with the strongest
channel coefficients. Using the selected N, paths, we obtain

(7 Tec;oVe; )
Ypp

chosen path, (7,,v.,) denotes the delay and Doppler of the ith
chosen path, and yl(D ) denotes the received signal when
y(t) is projected on to the ith chosen path. Every element of

the set of projections { , where c¢; denotes the ith

L7L1)

this set of projections, say y](3 , is the sum of transmitted
signal scaled by a factor h,, (because the signal on c;th path
is received properly) and the interference from other paths.
This set of projections of y(¢) onto N, paths is used for
detection by forming a concatenated received signal vector

yhp € CNeMNX1 yging these projections as
(TeqsVeq)
yDDl 1
Ybp = : =Hppxpp + W',  (17)
(TCN ,VLNP)
YpD
Teq Ve
Hyg ) w1
where Hpp = and w’ =

(Ten. Ven, )
P P W
Hy, 2

Te: Ve, .
The H](DB ) ¢ CMNXMN maix and w; € CMNx1
vector denote the channel matrix and noise vector, respec-



tively, when y(t) is projected onto the ith chosen path. The
concatenated system model given by (17) serves as the basis
for subsequent signal detection. The number of paths chosen
for projection impacts the detection performance. While using
all paths (N, = P) offers the best performance, projecting
onto a lesser number of strongest paths (/V,, < P) provides
complexity advantage at the cost of performance, providing a
tradeoff between complexity and performance.

Noise statistics: Unlike the components of noise in (13),
the components of noise in (17) are not i.i.d. Gaussian, i.e.,
w' ~ CN (0, Ryw) s Ruww # aly,an, because the N, M N
functions which are used for obtaining the components of w’
are non-orthogonal to each other. The expression for the co-
variance matrix R, is derived in Appendix A.

IV. RESULTS AND DISCUSSIONS

In this section, we present the simulation results on the
bit error rate (BER) performance of the proposed EP and CP
receivers in comparison with that of the conventional receiver.
MMSE and MMSE-SoftIC (MMSE with soft interference
cancellation) detection with perfect channel state information
(CSI) and estimated CSI are considered. Two OTFS systems
with (M = 32, N = 16) and (M = 8, N = 4) are considered.
The subcarrier spacing Af is set to 30 kHz. The channel
is modeled with P = 5 propagation paths. The path delays
are uniformly distributed in the range [0, 7us]. Doppler shift
for the pth path is generated using Jake’s Doppler spectrum
according to the equation v, = wpaxcos(f,), where 0, is
uniformly distributed in (0, 27r] and Vpax is 1700 Hz.

Figure 2 depicts the BER performance of the proposed EP
and CP receivers for M = 32, N = 16, 4-QAM and perfect
CSI. The performance of the conventional receiver is also
shown. Uniform power delay profile (PDP) is employed to
generate the channel coefficients for each path. All receivers
utilize linear MMSE equalizer followed by minimum distance
decoding for signal detection. The proposed EP receiver that
leverages the ‘effective path’ for projection achieves an SNR
improvement of about 1.5 dB at 10~* BER compared to the
conventional receiver. This improvement can be attributed to
the resulting channel exhibiting a higher correlation with the
identity matrix, as shown in Fig. 1. This reduces the DD
domain inter-symbol interference, resulting in better perfor-
mance compared to the conventional receiver. Further, the
proposed CP receiver with N, = P performs even better,
i.e., the CP receiver outperforms the conventional receiver by
about 2.5 dB at 10~* BER. This advantage arises from the CP
receiver receiving the signal along with interference from other
paths in an almost unperturbed manner for each projection.
Additionally, the CP receiver utilizes P such views of the
signal for improved detection.

The effect of varying the number of concatenated paths IV,
in the proposed CP receiver for M = 32, N = 16, 16-QAM,
perfect CSI, and MMSE detection is depicted in Fig. 3. N, is
chosen for projection based on the path energy, prioritizing
paths with stronger coefficients. As can be observed, the
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10721

BER

10744
M =32,N =16,Af =30 kHz
Tmax = THS, Vmax = 1700 Hz, 4 QAM
P =5, Unif. PDP, MMSE detection.
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Figure 2: BER vs SNR performance of the proposed EP and
CP receivers with MMSE detection.

—— Conventional receiver
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Figure 3: BER vs SNR performance of the proposed CP
receiver for different number of concatenated paths [V, with
MMSE detection.

performance is dependent on the number of paths incorpo-
rated into the projection. When NV, = 1, the CP receiver’s
performance aligns with that of the conventional receiver.
This is attributed to the fact that with a single path used for
projection, the CP receiver effectively replicates the behavior
of the conventional receiver. As the number of projections
is incremented, a continuous improvement in performance
is observed. This enhancement is particularly pronounced
when N, is initially increased. This can be attributed to the
inclusion of additional unperturbed views of the signal in each
projection, incorporating stronger paths with dominant signal
information. These stronger paths significantly contribute to
the receiver’s ability to detect the data correctly. However,
further increments in N, yield diminishing returns. This is
because progressively weaker paths contribute less significant
information to the overall signal.

Figure 4 presents the BER performance of all the three
receivers for M = 8, N = 4, and 4-QAM, with MMSE and
MMSE-SoftIC detection. The maximum number of iterations
used in the MMSE-SoftIC algorithm is 4. As can be observed,
all the receivers show improved performance with MMSE-
SoftIC detection compared to that with MMSE detection,
but the amount of improvement due to MMSE-SoftIC varies
across the receivers. The conventional receiver exhibits the
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Figure 4: BER vs SNR performance of the different receivers
using MMSE and MMSE-SoftIC detection in comparison with
lower bound on optimum maximum likelihood performance.

highest improvement with MMSE-SoftIC detection compared
to MMSE detection. This can be attributed to the fact that there
is significant unmitigated interference among data symbols in
the conventional receiver. The iterative cancellation process
effectively mitigates this interference, leading to a more pro-
nounced performance improvement. The EP receiver shows a
relatively smaller improvement due to MMSE-SoftIC detec-
tion. This can be explained by the fact that the EP receiver
inherently reduces the impact of interference by projection on
the effective path, leaving lesser room for improvement. The
CP receiver exhibits the smallest improvement with MMSE-
SoftIC detection among the three receivers. This behavior can
be understood by considering that the CP receiver already
leverages projections of the signal onto multiple paths, which
helps to mitigate the interference significantly. Therefore, the
additional benefit gained from iterative cancellation is less
pronounced compared to the other receivers. The figure also
shows the performance of the detectors in terms of nearness
to a lower bound on the optimum maximum likelihood (ML)
detection. It can be observed that all the receivers with MMSE-
SoftIC detection achieve close to their respective ML lower
bounds within about 1 to 2 dB at high SNRs, illustrating the
effectiveness of the proposed projection receivers and iterative
detection.
V. CONCLUSIONS

We proposed two receivers for OTFS which are aimed at
mitigation of interference across information symbols due to
DD channel spreads. The receivers are based on the use of
projections that exploit DD channel knowledge for transform-
ing the received time domain signal to FT domain that reduced
interference. The proposed EP receiver identified an optimal
effective path that renders the effective channel matrix to be
close to an identity matrix and the received signal is projected
onto this effective path. The proposed CP receiver projected
the received signal onto a chosen subset of the channel paths,
providing multiple views of the underlying data symbols,
which are then combined for improved detection performance.
The proposed receivers outperformed the conventional OTFS
receiver due to their superior interference mitigation ability.

Future work can consider enhancement of the proposed re-
ceivers, e.g., taking DD channel estimation into account.
APPENDIX A
NOISE STATISTICS OF THE PROPOSED CP RECEIVER
Consider the FT domain noise w’ of the proposed
w1

N, MNx1
CHr ,

CP receiver, W = : IS where

W
Wi = vec(W,) and Wilm,n] = [w(t)bmmra(t) dt.
Since the components of W’ are linear functionals of
{bmmr ()}, ¢ = 1,---,N,, the components of W,
are jointly Gaussian [13]. Hence, it suffices to know its
mean and covariance to describe the distribution of w..
Consider the components Wy, = (w(t), Pmy,ny,m.0: (L)), and
W = (w(t), Pmong,r, ., (t)) of We. The mean of wy is
Ewr] = E[{w(t), dmini,mw(t))] = 0. The variance
between w; and w; can be obtained as E[wkle] =
0% (Pmama .z vy (1) @m0 (). The covariance matrix
Ri: Rin,
of W can be written as R = : : ,
Ry,1 R, N,
where Ry € whose (i,7)th element is
<¢m2,n2,n,uz (t)7¢m17n1»7'k71’k (t)> - Here, i = niM +mq,j =
noM + mgandi,j € {0,1,--- ,MN —1},my,mg €
{0,1,---,M —1},ny,n2 € {0,1,---,N —1}. Now, the
DD domain noise w’ can be written as w’ = Fw’, where
F = diag{F1, -, Fnp}, Fi = Fx @ F&, Vi (since w; =
(Fn ® FII)W,). Therefore, the covariance matrix of w,., R
is given by R = E [w'w'!] = E [Fw'w'# FH] = FRF.
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