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1
SYSTEM AND METHOD FOR CHANNEL
ESTIMATION FOR GENERALIZED
FREQUENCY DIVISION MULTIPLEXING
(GFDM)

TECHNICAL FIELD

The present invention relates to the field of wireless com-
munications, and, in particular embodiments, to a system and
method for channel estimation for generalized frequency
division multiplexing (GFDM).

BACKGROUND

OFDM is used in broadband multicarrier communications.
However, OFDM suffers from high out-of-band (OOB) radia-
tion, due to the use of square pulses (e.g., a sinc function in
frequency domain). Due to the high OOB, OFDM may have
disadvantages in some scenarios, such as for opportunistic
radio communications. Generalized Frequency Division
Multiplexing (GFDM) is a Filtered Bank Multicarrier (FBM)
scheme for telecommunications, which applies a spectral-
contained pulse shaping over each subcarrier to reduce OOB
radiation. Due to pulse shaping, subcarriers in GFDM are no
longer orthogonal and there is an intrinsic interference in the
signal. Channel equalization based on Discrete Fourier Trans-
form (DFT)/inverse DFT (IDFT) can be used over GFDM
symbols, which are normally longer than OFDM symbols.
This causes long delays in symbol transmissions. Further,
using the DFT/IDFT assumes the channel to be time-invari-
ant. This assumption may not be accurate which aftects accu-
racy in channel equalization and hence affects quality of
communications. Further, there is no current method for
channel estimation in GFDM. Thus, there is a need for a
channel estimation and improved equalization for GFDM.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the disclosure, a
method implemented by a transmitter component for
enabling channel estimation for Generalized Frequency Divi-
sion Multiplexing (GFDM) signals in a network includes
allocating pilot symbols over both frequency and time
resources and calculating interference from data at the pilot
symbols. The method further includes pre-cancelling the
interference for the pilot symbols and transmitting the pilot
symbols and data symbols over the frequency and time
resources.

In accordance with another embodiment of the disclosure,
a transmitter component configured to enable channel esti-
mation for GFDM signals in a network includes at least one
processor and a computer readable storage medium storing
programming for execution by the at least one processor. The
programming includes instructions to allocate pilot symbols
over both frequency and time resources and calculate inter-
ference of data at the pilot symbols. The transmitter compo-
nent is further configured to pre-cancel the interference for
the pilot symbols. The pilot symbols and data symbols for the
channels are then transmitted over the frequency and time
resources.

In accordance with another embodiment of the disclosure,
a method implemented by a receiver component for channel
estimation for GFDM signals in a network includes receiving
pilot symbols and data symbols of GFDM signals. The pilot
symbols are allocated at both frequency and time resources.
Further, the interference for the pilot symbols is pre-cancelled
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at a transmitter. The method further includes estimating the
channels associated with the pilot symbols.

In accordance with yet another embodiment of the disclo-
sure, a receiver component configured for channel estimation
for GFDM signals in a network includes at least one processor
and a computer readable storage medium storing program-
ming for execution by the at least one processor. The pro-
gramming includes instructions to receive pilot symbols and
data symbols of GFDM signals, wherein the pilot symbols are
allocated at both frequency and time resources. The interfer-
ence for the pilot symbols is pre-cancelled at a transmitter.
The receiver component is further configured to estimate the
channels associated with the pilot symbols.

The foregoing has outlined rather broadly the features of an
embodiment of the present invention in order that the detailed
description of the invention that follows may be better under-
stood. Additional features and advantages of embodiments of
the invention will be described hereinafter, which form the
subject ofthe claims of the invention. It should be appreciated
by those skilled in the art that the conception and specific
embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures or processes for car-
rying out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the
invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawing, in which:

FIG. 1 illustrates a GFDM transmitter architecture;

FIG. 2 illustrates scattered pilot and data symbols in time-
frequency grid;

FIG. 3 is a process flow of an embodiment method for
Pilot-Interference Cancellation (Pilot-1C) for channel estima-
tion of a GFDM signal at a transmitter;

FIG. 4 is a process flow of an embodiment method for
Pilot-IC for channel estimation of a GFDM signal at a
receiver;,

FIG. 5 is a process flow of an embodiment method for
Transmitter IC (Tx-IC) for channel estimation of a GFDM
signal at a transmitter;

FIG. 6 is a process flow of an embodiment method for
TX-IC for channel estimation of a GFDM signal at a receiver;
and

FIG. 7 is a diagram of a processing system that can be used
to implement various embodiments.

Corresponding numerals and symbols in the different fig-
ures generally refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate the rel-
evant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.



US 9,379,917 B2

3

In GFDM, a time-frequency grid of data is filtered and
modulated, e.g., filtered in time direction and then modulated
to each subcarrier frequency. However, due to the pulse shap-
ing, subcarriers in GFDM are no longer orthogonal and there
exists self-induced interferences. Typically, this issue is
addressed by designing a receiver that can cancel such inter-
ferences. Further to handle the case of multipath fading chan-
nels, channel equalization based on DFT/IDFT over a GFDM
symbol is used under time-invariant channel assumption,
assuming channel knowledge. However, there is no effective
channel estimation scheme available for GFDM, and there is
no solution for channel equalization for time-varying fading
within the GFDM symbol.

Embodiments are provided for implementing channel esti-
mation for Generalized Frequency Division Multiplexing
(GFDM). The embodiments include pre-cancelling, at a
transmitter, complex-valued interference inherent in GFDM
(due to pulse shaping), so that clean pilots can be observed at
the receiver and used for channel estimation. A single-tap
channel equalization is also used at time-frequency grid data
points, where no assumption of time-invariant channels is
required. Two alternative methods are provided for channel
estimation. In a first method, referred to herein as Pilot-
Interference Cancellation (Pilot-IC), interference is pre-can-
celled at only pilot symbols. In a second method, referred to
herein as Transmitter IC (Tx-IC), interference is simulta-
neously pre-cancelled at all symbols, then only known pilot
symbols can be used for channel estimation at the receiver.
The embodiments also include scattering the pilots over fre-
quency and time resources to estimate channels which are
frequency selective and time-variant. The channel estimates
are then used for single-tap channel equalization at time-
frequency grid data points, where no assumption of time-
invariant channels is required.

The GFDM channel estimation schemes are relatively
simple to implement and are bandwidth efficient since only
pilot symbols (rather than all data symbols) are used for
channel estimation. The schemes also provide high channel
estimation quality via pre-interference cancellation at the
transmitter, which allows the receiver to observe and use
clean pilot symbols in channel estimation. Further, the Pilot-
1C method provides low complexity at the transmitter, while
the Tx-IC provides low complexity at the receiver. For
instance, to reduce complexity and hence cost ofa user device
orequipment (UE), the Pilot-IC method can be used on uplink
from a transmitter of'the UE to a zero forcing (ZF) receiver in
anetwork. As such, the transmitter at a communication device
has less complexity as only interference is cancelled at only
pilot symbols, and the burden of interference cancellation on
data symbols can be pushed to the base station or network
component. To reduce complexity and hence cost of a UE, the
TX-IC method can be used on downlink from a transmitter in
a network to the a matched filter (MF) receiver of the UE.
Since in Tx-IC both data and pilot symbols are interference
pre-cancelled at the transmitter, a simpler or less complex
receiver (e.g., a MF receiver) can be used. Hence, the high
computation burden is pushed to the base station or network
side. Additionally, the schemes allow estimation of channels
that are both frequency selective and time variant, using scat-
tered pilots over frequency and time grid. Low latency can
also be achieved using matched filtering for channel estima-
tion and demodulation/filtering.

FIG. 1 shows an example of a GFDM transmitter architec-
ture 100, where a block of MxK complex valued data, D is
considered. Such data is spread across K active subcarriers (in
the set K,={kg, k;, . . ., kg, }) and M time slots. This can be
represented as:
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_ do, do, dipg_y
du-1hy Am-1h; - AM-Lig_,

Foreach subcarrier keK ,, the M data on such subcarrier is first
upsampled by factor N. This operation is done by performing
the summation ZMZOM'ldm,kB [n-mN]. The resulting signal is
then convolved with a pulse shaping filter g, and shifted by a
factor

=]

in frequency, where

1
N

is subcarrier spacing. A circular convolution can be used in
the filtering process to prevent a time expansion. The trans-
mitted signal, e.g., the summation of all subcarrier signals, is
given by:

1

"
%, = Z [[Z Ay Sl —mN]

ek, Lm0

ok
*gn}e’?'"ﬁ

M-1
=3 D dmigalm. K]

keKg m=0

where * denotes the convolution operator, and

.4 kn
gulm, k] = (8[n = mN 1+ g/ ¥

is the shifted version of g, in time and frequency. The trans-
mitted signal x,, can be efficiently implemented using DFT/
IDFT pairs. A cyclic prefix (CP) is then added to x,, before
transmission. Similar to OFDM, the CP is used as guard time,
preventing inter-symbol interference (ISI), and allowing the
use of DFT/IDFT for channel equalization at the transmitter.

The GFDM system can also be expressed in a matrix
model, such as:

x=Ad,

where d=vec(D) is the data vector and A with a row A, =
(W, "1,,..® [G'],,.. is the system matrix, with

keK ,,n=0, ... NM-1 being the subcarrier modulation matrix,
and G'=GxS,* being the modified filtering matrix. The fil-
tering matrix G is represented as follow:
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8o ENM-1 - 81
81 80 &2

G= . . A
SNM-1 ENM-2 --- 80

and the up-sampling matrix is

SN = tsnmds
1, n=(m-1N+1
Snon 0, else

Table 1 below presents a list of notations used herein.

TABLE 1
List of Notations.
Notations Description
® Kronecker product
* circular or linear
convoluation operator
OH transpose operation
1. row n of a matrix
[ column n of a matrix
N number of samples per symbol
(also DFT size for OFDM)
K number of activve subcarriers
K, ={ko,ky,. .., kg s} set of active subcarriers
M number of time slots
dO,kO dO,kl dO,kK,l QAm datal symbols matrix
of size M x K
| Gk diy dijgy
du-teg dm-teg - duorige
d =vec(D) data vector of size KM x 1
g, pulse shaping filter
filter matrix of size
Enm— g
£ Bw ! NM x NM
o=| & B =
Evm-1 ENM-2 &
SY = s, up-sampled matrix of size
e NM x M
1, n=(m-1)N+1
S, =
i 0, else
— j2mkn modulation matrix of size,
Wi, ={e% | keK,n=0,..NM-1 K x NM
G'=Gx Syt modified filtering matrix of
size NM x M, i.e. the selected
M columns of G
A system matrix of size

with row [A], = [Wk,nH]

x=Ad

® (3] NM x MK
transmitted signal (without

CP) of length NM x 1

n,: n,:

Jarkn shifted version of g, in
g,[m, k] = (6[n - mN] x g, )e/* N time and frequency

a(Am, AK) = Z g, [m, kg [m - Am, k- AK] ambiguity function of g,

L cyclic prefix length

@
Torpar OFDM symbol duration
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TABLE 1-continued

List of Notations.
Notations Description
h, channel impulse response
H,, . channel coefficient
associated with subcarrier
k and symbol m.
W, zero-mean additive white

n

Gaussian noise
V=X, *h,+w, received signal
received signal model under
assumption that channel is

Vo= 20 Hygdneg,m, K] +w,
k m

slowly fading both in time
and frequency, and is
constant over the GFDM sub-
symbol duration and one
subcarrier bandwidth.

Y =[Yos Yis - - - » Yamal® received vector of size
NM x 1
W= [Wo, Wi, v Wand? noise vector of size
NM x 1
T roll off factor of root

raised cosine (RRC) pulse

To model the GFDM channel from a transmitter to a
receiver, the received signal is denoted by y,, as:

—y %
Y =X Pt Wy,

which corresponds to the transmitted signal x,, sent through a
multipath fading channel with impulse response h,, and cor-
rupted by zero-mean additive white Gaussian noise w,,. [f the
channel is slowly fading both in time and frequency, e.g.,
constant over one GFDM sub-symbol duration (equivalent to
the OFDM symbol duration) and one subcarrier bandwidth,
then the system can be modeled as:
I 20 1o 3 MW

where H,, ; is the channel coefficient associated with subcar-
rier k and symbol m.

At the receiver side, assuming a channel impulse response
h,=1 foran AWGN channel), the received signal vector can be
expressed as:

y=x+w=Ad+w.

For a given received signal vector y, the data vector can be
detected by a standard linear receiver given by:
d=4,.,

where A, denotes a receiver matrix. For a receiver with MF,
ZF, and minimum mean square error (MMSE), the matrix A,
is given as follows:

MF: A=A

ZF: A =(AZAYTAH

MMSE:

2 -1

a.

An =(—’;1+A”A] AH,
T4

where o, and o, are noise and data symbol variances,
respectively, and [ is an identity matrix.

Since the interference in GFDM is caused by pulse shaping
filter and is known at the transmitter, it is possible to pre-
cancel such interference by considering pre-coded data d'=
(A¥A)~d at the transmitter. Hence, the transmitted signal is
given by:

x=Ad"
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For an ideal channel, e.g., y=x, and using a simple MF
receiver, the data vector can be recovered as follows:

d=A, y=A"4(4"4) " d=d.
With channel knowledge and using cyclic prefix (CP), a

DFT/IDFT-based channel equalization can be performed by,
as:

DFT(y,) )

= IDFT(DFT(hn) )

However, this requires that the channels are time-invariant for
the block-based DFT/IDFT channel equalization. This
assumption may not always be satisfied, especially over a
GFDM symbol (which is M times longer than a OFDM sym-
bol). In this case, the demodulation/filtering process is done
on the equalized signal u,, based on standard receiver models
(e.g., MF, ZF and MMSE). In an embodiment, an improved
receiver model is used, where the demodulation/filtering
(e.g., MF, ZF, and MMSE) is implemented to recover the
time-frequency grid point, before channel equalization is
implemented, e.g., using the equation:

Znk = ) Yagilm. k],

where z,, , is a demodulated/filtered signal which is not yet
equalized, and d,, s aresult of one-tap equalization done by
dividing z,, , by H,, .

This type of processing can be used if the channel is
assumed slowly fading both in time and frequency such that
the system can bemodeled by y, =2, H, .d, e [m, k]+w,.
These assumptions can be satisfied based on the fact that the
subcarrier spacing and sub-symbol duration used in GFDM
can be selected to be the same as those of a OFDM system. As
such, the assumption on time-invariant channel over the
whole GFDM symbol is not required for the channel equal-
ization. Moreover, it is possible to reduce latency (required in
block processing in DFT/IDFT equalization) when filtering is
used.

Since there is interference inherent in GFDM (due to pulse
shaping), pilot-based channel estimation is configured to pre-
cancel such interference at the transmitter, so that clean pilots
are observed at the receiver and used for channel estimation.
Two embodiment channel estimation methods are used for
GFDM. In a first embodiment method, also referred to as
Pilot-IC, interference is pre-cancelled at only pilot symbols.
With Pilot-IC for GFDM, complex-valued pilot symbols,
each consisting of an intended pilot and an interference can-
cellation term, is used for channel estimation. In a second
embodiment method, also referred to as Tx-IC, interference is
simultaneously pre-cancelled at all symbols (both at data and
pilot symbols). Hence, only known pilot symbols are used for
channel estimation at the receiver. The Tx-IC for GFDM
allows a low-complexity MF receiver to be used for demodu-
lation/filtering at the receiver. Using scattered pilots over
time-frequency grid points allows estimating channels that
are both frequency selective and time varying. The estimate
channels can then be used for simple single-tap channel
equalization at time-frequency grid data points.
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In order to pre-cancel the interference at the transmitter for
Pilot-IC scheme, the interference at pilot symbols need to be
calculated. With a matched filter receiver, the interference,
e.g., ISTand Inter Carrier Interference (ICI), can be calculated
from an ambiguity function, defined as follows:

a(Am,AR)=2, g, [m k]g* , [m—Amk-Ak].

For integer nonzero value of Am and Ak, a(Am, Ak) provides
the information on ISI caused by data from Am symbols away,
and information on ICI caused by data from Ak subcarriers
away. The value a(Am, Ak) is symmetric around Am=0 and
Ak=0.

With the Pilot-IC channel estimation technique, the inter-
ference is pre-cancelled at only pilot symbols at the transmit-
ter. FIG. 2 shows the scattered pilots in time-frequency grid of
data for a GFDM symbol, and illustrates that the pilot symbol

at subcarrier k,, and symbol m,, is given by:
d’ _ dmp,kp— dmpykplc,neighbors

where d #, is an intended pilot data, and d,, | JCeighbors

denotes tﬁe interference term caused by nelghbor symbols

given by:

ICneighbors=% L
Dy On R neighbors= Oyl I kA= =k ).

At the receiver, by matched filtering y,, with g, *[m,, k]
associated with the pilot symbols, the following relation is
obtained:

= Tk,

D gl ky]

a4

=Hp mpkp

prkp +
Hyp A alm —mp, k —kp) +1
(MK )peighbors* Mpkp)

=H, dlC,neighborx) +

pkp (d”'pv"p T Cmpkp

Hyp A alm —mp, k —kp) +1
(MK )peighbors* Mpkp)

= Horp e oy 0

which equals to a product of channel coefficient H,, e and
pilot symbol dm o under an assumption that the channel is
constant in the nelghborhood of the pilot (for substantially
complete interference cancellation). Therefore, the channel
coefficient at pilot symbol can be estimated by:

i k”

Ty,
kp = dm

m
o
pkp

Inthe Tx-IC-based channel estimation technique, the inter-
ference is simultaneously pre-cancelled at all symbols, by
considering the pre-coded data vector d'=(A”A)'d at the
transmitter. The transmitted signal is given by:

x=Ad"
At the receiver, a matched filter output associated with the
pilot symbol is given by Ty, 2,8, [m,, k,], or the matrix
model can be used as:

z=4"y=vecz,,,}.

Thus, the channel associated with the pilot symbols can be
estlmated by H,, e /d,, e After obtaining the channel
estimates at pllot symbols



US 9,379,917 B2

9

FIG. 3 shows an embodiment method 300 for Pilot-1C for
channel estimation of a GFDM signal at a transmitter. At step
310, pilots are scattered over frequency and time resources.
The pilot symbols are scattered across the frequency and time
resources by reducing or avoiding neighboring or adjacent
pilot symbols in frequency and time grid points representing
frequency and time allocations for transmission, in other
words by spreading the pilot symbols across the frequency
and time grid points. At step 320, interference at pilot symbols
is calculated. At step 330, the interference is pre-cancelled at
only pilot symbols (without pre-cancelling interference for
the data symbols). At step 340, the pilot symbols are trans-
mitted (e.g., from a user device), with the data symbols, to a
receiver (at a base station or a network). The transmitted pilot
symbols are complex-valued pilot symbols, each comprising
an intended pilot and an interference cancellation term. FIG.
4 shows an embodiment method 400 for the Pilot-IC channel
estimation at the receiver side corresponding to the method
300 of the transmitter. At step 410, data and pilot symbols are
received from the transmitter. The data and pilot symbols may
experience time-variant channels, frequency selective chan-
nels, or both time-variant and frequency selective channels.
At step 420, the channel associated with the pilot symbols is
estimated using matched filtering. At step 430, the receiver
implements single-tap channel equalization at time-fre-
quency grid data points where no assumption of time-invari-
ant channels is made.

The use of Pilot-IC for uplink because with Pilot-IC, the
transmitter has less complexity as only interference is can-
celled at only pilot symbols, and the burden of interference
cancellation on data symbols can be pushed to the base station

FIG. 5 shows an embodiment method 500 for Tx-IC for
channel estimation of a GFDM signal at a transmitter. At step
510, pilots are scattered over frequency and time resources.
The pilot symbols are scattered across the frequency and time
resources by reducing or avoiding neighboring pilot symbols
in frequency and time grid points representing frequency and
time allocations for transmission. Step 520 includes precod-
ing the data vector, d'=(A¥A)"'d, which results in interfer-
ence pre-cancellation at both data and pilot symbols. At step
530, the data and pilot symbols are transmitted (e.g., from a
user device) to areceiver (e.g., at a base station or a network).
FIG. 6 shows an embodiment method 600 for the Tx-IC
channel estimation at the receiver side corresponding to the
method 600 of the transmitter. At step 610, data and pilot
symbols are received from the transmitter. The data and pilot
symbols may experience time-variant channels, frequency
selective channels, or both time-variant and frequency selec-
tive channels. At step 620, the channel associated with the
pilot symbols is estimated using matched filtering. At step
630, the receiver implements single-tap channel equalization
at time-frequency grid data points where no assumption of
time-invariant channels is made.

FIG. 7 is a block diagram of an exemplary processing
system 700 that can be used to implement various embodi-
ments. Specific devices may utilize all of the components
shown, or only a subset of the components and levels of
integration may vary from device to device. Furthermore, a
device may contain multiple instances of a component, such
as multiple processing units, processors, memories, transmit-
ters, receivers, etc. The processing system 700 may comprise
aprocessing unit 701 equipped with one or more input/output
devices, such as a network interfaces, storage interfaces, and
the like. The processing unit 701 may include a central pro-
cessing unit (CPU) 710, a memory 720, a mass storage device
730, and an I/O interface 760 connected to a bus. The bus may
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be one or more of any type of several bus architectures includ-
ing a memory bus or memory controller, a peripheral bus or
the like.

The CPU 710 may comprise any type of electronic data
processor. The memory 720 may comprise any type of system
memory such as static random access memory (SRAM),
dynamic random access memory (DRAM), synchronous
DRAM (SDRAM), read-only memory (ROM), a combina-
tion thereof, or the like. In an embodiment, the memory 720
may include ROM for use at boot-up, and DRAM for program
and data storage for use while executing programs. In
embodiments, the memory 720 is non-transitory. The mass
storage device 730 may comprise any type of storage device
configured to store data, programs, and other information and
to make the data, programs, and other information accessible
via the bus. The mass storage device 730 may comprise, for
example, one or more of a solid state drive, hard disk drive, a
magnetic disk drive, an optical disk drive, or the like.

The processing unit 701 also includes one or more network
interfaces 750, which may comprise wired links, such as an
Ethernet cable or the like, and/or wireless links to access
nodes or one or more networks 780. The network interface
750 allows the processing unit 701 to communicate with
remote units via the networks 780. For example, the network
interface 750 may provide wireless communication via one or
more transmitters/transmit antennas and one or more receiv-
ers/receive antennas. In an embodiment, the processing unit
701 is coupled to a local-area network or a wide-area network
for data processing and communications with remote devices,
such as other processing units, the Internet, remote storage
facilities, or the like.

While several embodiments have been provided in the
present disclosure, it should be understood that the disclosed
systems and methods might be embodied in many other spe-
cific forms without departing from the spirit or scope of the
present disclosure. The present examples are to be considered
as illustrative and not restrictive, and the intention is not to be
limited to the details given herein. For example, the various
elements or components may be combined or integrated in
another system or certain features may be omitted, or not
implemented.

In addition, techniques, systems, subsystems, and methods
described and illustrated in the various embodiments as dis-
crete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown
ordiscussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating
through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Other
examples of changes, substitutions, and alterations are ascer-
tainable by one skilled in the art and could be made without
departing from the spirit and scope disclosed herein.

What is claimed is:

1. A method by a transmitter component for enabling chan-
nel estimation for Generalized Frequency Division Multi-
plexing (GFDM) signals in a network, the method compris-
ing:

generating, by a transmitter, GFDM signals including a

plurality of pilot symbols and a plurality of data sym-
bols, wherein the GFDM signals are generated using
spectral-contained pulse shaping such that the GFDM
signals include non-orthogonal subcarriers;

allocating the pilot symbols over both frequency and time

resources for a plurality of channels;
generating interference cancelled pilot symbols by pre-
cancelling, from the pilot symbols of the GFDM sig-
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nals generated by the transmitter, interference result-
ing from the data symbols of the GFDM signals
generated by the transmitter to mitigate the interfer-
ence observed by a receiver; and

transmitting, by the transmitter, the interference cancelled

pilot symbols and the data symbols in the GFDM signals
over the frequency and time resources, the interference
cancelled pilot symbols and the data symbols of the
GFDM signal being transmitted to the receiver.

2. The method of claim 1, wherein generating the interfer-
ence cancelled pilot symbols comprises pre-cancelling the
interference from the pilot symbols without pre-cancelling
interference from the data symbols.

3. The method of claim 1, wherein generating the interfer-
ence cancelled pilot symbols comprises precoding a data
vector resulting in the interference pre-cancellation at the
pilot symbols.

4. The method of claim 1, wherein the transmitted interfer-
ence canceled pilot symbols are complex-valued symbols
each comprising an intended pilot symbol and an interference
cancellation term.

5. The method of claim 1 further comprising scattering the
pilot symbols across the frequency and time resources by
reducing or avoiding adjacent pilot symbols allocated at the
time and frequency resources.

6. The method of claim 1 further comprising:

pre-cancelling, from the data symbols of the GFDM sig-

nals generated by the transmitter, interference resulting
from the pilot symbols of the GFDM signals generated
by the transmitter before transmitting the interference
cancelled pilot symbols and the data symbols in the
GFDM signals.

7. The method of claim 1, wherein the GFDM signals are
transmitted over time-variant channels or frequency selective
channels.

8. The method of claim 1, wherein the GFDM signals are
transmitted over both time-variant and frequency selective
channels.

9. A transmitter component configured to enable channel
estimation for Generalized Frequency Division Multiplexing
(GFDM) signals in a network, the transmitter component
comprising:

at least one processor; and

a non-transitory computer readable storage medium stor-

ing programming for execution by the at least one pro-

cessor, the programming including instructions to:

generate GFDM signals including a plurality of pilot
symbols and a plurality of data symbols, wherein the
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GFDM signals are generated using spectral-con-
tained pulse shaping such that the GFDM signals
include non-orthogonal subcarriers;
allocate the pilot symbols over both frequency and time
resources;
generate interference cancelled pilot symbols by pre-
cancelling, from the pilot symbols of the GFDM
signals generated by the transmitter, interference
resulting from the data symbols of the GFDM sig-
nals generated by the transmitter to mitigate the
interference observed by a receiver; and
transmit, in the GFDM signals, the interference can-
celled pilot symbols and the data symbols over the
frequency and time resources, the interference can-
celled pilot symbols and the data symbols of the
GFDM signal being transmitted to the receiver.

10. The transmitter component of claim 9, wherein the
instructions to generate the interference cancelled pilot sym-
bols include instructions to pre-cancel the interference from
the pilot symbols without pre-cancelling interference from
the data symbols.

11. The transmitter component of claim 9, wherein the
instructions to generate the interference cancelled pilot sym-
bols includes instructions to precode a data vector resulting in
the interference pre-cancellation at the pilot symbols.

12. The transmitter component of claim 9, wherein the
transmitter component is a component of a base station con-
figured to transmit on a downlink to a device.

13. The transmitter component of claim 9, wherein the
transmitter component is a component of a device configured
to transmit on an uplink to the network.

14. The transmitter component of claim 9, wherein the
interference is inherent interference in the GFDM signals.

15. The transmitter component of claim 9, wherein the
programming includes further instructions to:

pre-cancel, from the data symbols of the GFDM signals

generated by the transmitter, interference resulting from
the pilot symbols of the GFDM signals generated by the
transmitter before transmitting the interference can-
celled pilot symbols and the data symbols in the GFDM
signals.

16. The transmitter component of claim 9, wherein the
GFDM signals are transmitted over time-variant channels or
frequency selective channels.

17. The transmitter component of claim 9, wherein the
GFDM signals are transmitted over both time-variant and
frequency selective channels.

#* #* #* #* #*
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