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Description

Title of Invention: SIGNAL TRANSMISSION AND RECEIVING

[1]

[2]

[3]

[4]

[5]

[6]

METHOD, SYSTEM AND APPARATUS BASED ON FILTER

BANK
Technical Field

The present invention relates to radio communication techniques, and more par-
ticularly, to a signal transmission and receiving method, system and apparatus based on
filter bank.

Background Art

To meet the demand for wireless data traffic having increased since deployment of
4G (4h-Generation) communication systems, efforts have been made to develop an
improved 5G (5*-Generation) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a ‘beyond 4G network' or a 'post LTE
system'.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 60GHz bands, so as to accomplish higher data rates. To
decrease propagation loss of the radio waves and increase the transmission distance,
the beamforming, massive multiple-input multiple-output (MIMO), full dimensional
MIMO (FD-MIMO), array antenna, an analog beam forming, large scale antenna
techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud radio access networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, coordinated multi-points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, hybrid FSK and QAM modulation (FQAM) and sliding window
superposition coding (SWSC) as an advanced coding modulation (ACM), and filter
bank multi carrier (FBMC), non-orthogonal multiple access (NOMA), and sparse code
multiple access (SCMA) as an advanced access technology have been developed.

With rapid development of information industry, especially increasing requirements
from mobile Internet and Internet of things (IoT), mobile communication techniques
are facing unprecedented challenges. According to International Telecommunication
Union (ITU) report ITU-R M.[IMT.BEYOND 2020.TRAFFIC], it can be predicted
that as of 2020, mobile service amount will increase 1000 times compared with 2010
(4G era), and the connected user devices will exceed 17 billion. With involvement of

IoT devices into the mobile communication networks, the number of connected user
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devices may be more astonishing. Under the unprecedented challenges, commu-
nication industry and the academia have started intensive researches in fifth generation
mobile communication techniques (5G) facing 2020. At present, architecture and
global objective of future 5G have been discussed in the ITU report ITU-R
M.[IMT.VISION], which provides detailed description to requirement prospect, ap-
plication scenarios and various important performances of 5G. With respect to new re-
quirement of 5G, the ITU report ITU-R M.[IMT.FUTURE TECHNOLOGY
TRENDS] provides information related to technology trends of 5G, aims to solve
dramatic problems such as system throughput, user experience consistency, ex-
tendibility, supporting 10T, tendency, efficient, cost, network flexibility, supporting of
new services and flexible spectrum utilization.

Modulation waveform and multiplexing manner are important basis for air-interface
design of radio communications, and there is no exception for 5G. At present, a typical
representation Orthogonal Frequency Division Multiplexing (OFDM) of multi-carrier
modulation (MCM) techniques has been widely used in broadcast audio and video
fields and civil communication systems, €.g., Long Term Evolution (LTE®) system cor-
responding to the Evolved Universal Terrestrial Radio Access (E-UTRA ®) protocol
defined by 3rd Generation Partnership Project (3GPP®), European digital video
broadcasting (DVB) and Digital Audio Broadcasting (DAB), Very-high-bit-rate
Digital Subscriber Loop (VDSL), IEEE 802.11a/g Wireless Local Area (WLAN) ©,
IEEE 802.22 Wireless Regional Area Network (WRAN) and IEEE 802.16 world inter-
operability for microwave access (WIMAX®), etc. It is well-known that, basic idea of
OFDM technique is to divide wideband channel into multiple parallel narrow-band
sub-channels/subcarriers, such that high rate data stream transmitted in frequency
selective channel becomes low rate data streams transmitted on multiple parallel flat
sub-channels, which improves anti-multipath interference ability of the system, and
OFDM may simplify implementation of modulation and de-modulation via IFFT/FFT.
Further, the addition of a Cyclic Prefix (CP) changes a cyclic convolution into a circle
convolution. According to performance of the circle convolution, if the CP length is
larger than the maximum channel multipath delay, Inter-Symbol Interference (ISI) may
be avoided through simple single-tap frequency domain equalization. Thus processing
complexity of the receiver is decreased. Although modulated waveform based on CP-
OFDM is able to meet service requirement of Mobile Broadband (MBB) well, 5G
faces more challenges and more various scenarios, CP-OFDM has much limitations
and shortcomings in 5G scenarios which mainly include the following.

(1) In a low delay transmission scenario of 5G, the adding of the CP to resist ISI
greatly decreases spectrum utilization ratio, since the low delay transmission extremely
shortens the length of OFDM symbol and the length of the CP is merely subject to the
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channel impulse response, compared with the length of the OFDM symbol, the length
of the CP greatly increases. Such overhead leads to high spectrum efficiency loss and

is hard to be accepted.
(2) In an IoT scenario of 5G, rigid time synchronization requirement results in large

signaling overhead for maintaining close-loop synchronization. And the rigid synchro-
nization scheme makes the frame structure inflexible, which cannot support different
synchronization requirements of different services.

(3) OFDM has a large out-of-band leakage due to the utilization of rectangular pulse,
since such waveform makes side lobe attenuates very slow, which is also the reason
why OFDM is very sensitive to central frequency offset. However, 5G may have many
fragmented spectrum flexible access/sharing requirements, the out-of-band leakage of
OFDM greatly restricts the flexibility of spectrum access, 1.e., requires a wide
frequency-domain guard band, thus the spectrum utilization ratio is decreased.

These defects are caused by its inherent characteristics. Although actions may be
taken to reduce impacts caused by the defects, system design complexity may be
increased and the problem cannot be solved essentially.

Due to the above, as stated in ITU report ITU-R M.[IMT.FUTURE TECHNOLOGY
TRENDS], some new waveform modulation techniques (based on multi-carrier
modulation) are in consideration of 5G. Among them, Filter Bank Multiple Carrier
(FBMC) modulation technique is a hotspot. It provides freedom for the design of
prototype filter and may adopt filters with better Time/Frequency Localization (TFL)
to perform impulse forming to the transmitted waveform, such that the transmitted
signal may exhibit various excellent features including: not requiring CP to resist ISI
which improves spectrum efficiency, low out-of-band leakage which supports flexible
fragmented spectrum access better, and non-sensitive to frequency offset. Usually, a
typical FBMC system adopts an Offset Quadrature Amplitude Modulation (OQAM)
technique to maximize the spectrum efficiency, generally referred to as FBMC/OQAM
system, or OFDM/OQAM system. Reference may be made to a prior document
"Analysis and design of OFDM/OQAM systems based on filter bank theory", IEEE
Transactions on Signal Processing, Vol. 50, No.5, 2002 for applications of FBMC in

digital communications.
Disclosure of Invention
Technical Problem

FBMC has some advantages that OFDM does not have and therefore receives much
attention in 5G researches. But some inherent defects of it bring challenges to its ap-
plication in radio communication system. The challenges need to be solved are re-

searched continuously. One dramatic problem is that the filter adopted by FBMC
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results in a long tail effect to time domain waveform, also referred to transition period
problem. During uplink transmission based on short data blocks, if the length of the
data blocks is extended to include the tail in order to avoid overlapping of the tail with
other data blocks, the number of symbols transmitted in valid time period is reduced,
which greatly decreases spectrum efficiency. Therefore there is an idea that FBMC is
merely applicable for long data transmission. On the contrary, if the length of the data
block does not include the tail, which means the tail will overlap with other data blocks
which may cause large interference if not better processed and thereby also restricting
the spectrum efficiency. A present method cuts off the tail, so as to avoid overlapping
of the tail with other data blocks. But the cutoff of the waveform leads to signal
distortion which also affects the spectrum efficiency. In addition, the cut-off signal has
a spread spectrum which increases Inter-Carrier-Interference (ICI). Therefore, such

cutoff method is not effective.
In view of the above, in order to make FBMC more competitive in 5G candidate

techniques, besides utilizing and developing its advantages, we also need to overcome
its shortcomings. With respect to the service mode of sporadic access in 5G especially
IoT scenarios, it is necessary to find an effective method to solve the tail effect of
FBMC.

To address the above-discussed deficiencies, it is a primary object to provide, for use
in a communication system based on filter bank and a signaling transmission and
receiving method thereof, which provides an effective configurable pre-equalization
processing, ensures performance without cutting off the tail and maximizes spectrum
efficiency of the FBMC system.

Solution to Problem

The present disclosure provides a signal transmission method based on filter bank,
including obtaining, by a transmitter, pre-equalization information, wherein the pre-
equalization configuration information indicates whether pre-equalization is enabled, if
the pre-equalization configuration information indicates that the pre-equalization is
enabled, generating by the transmitter pre-equalization coefficients according to a pre-
equalization manner, and performing pre-equalization operation to transmission signals
according to the pre-equalization coefficients, and performing modulation based on
filter bank.

Preferably, the pre-equalization configuration information is contained in scheduling
control signaling obtained by the transmitter.

Preferably, the method further includes obtaining, by the transmitter from the
scheduling control signaling, information of subframe type adopted when the pre-

equalization is enabled or disabled, wherein the information of subframe type indicates
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number of symbols transmitted in a subframe and transmission timing of a first
symbol.

Preferably, the pre-equalization manner is pre-defined or an indication of the pre-
equalization manner is contained in the pre-equalization configuration information.

Preferably, the pre-equalization manner comprises: performing pre-equalization to
both amplitude and phase, or performing pre-equalization to merely the phase.

Preferably, if the pre-equalization manner is performing pre-equalization to both
amplitude and phase, the generating the pre-equalization coefficients according to the
pre-equalization manner comprises: generating the pre-equalization coefficients
according to obtained channel status information and the pre-equalization manner,
wherein a composited equivalent channel frequency response of the pre-equalization
coefficients and a channel frequency response is a real number or has an imaginary
part approaches to 0, and modulus of the equivalent channel frequency response is ap-
proximate to 1.

Preferably, if the pre-equalization manner is performing pre-equalization to merely
the phase, the generating the pre-equalization coefficients according to the pre-
equalization manner comprises: generating the pre-equalization coefficients according
to obtained channel status information and the pre-equalization manner, wherein a
composited equivalent channel frequency response of the pre-equalization coefficients
and a channel frequency response is a real number or has an imaginary part approaches
to 0, and modulus of the equivalent channel frequency response is approximate to
modulus of the channel frequency response.

Preferably, the channel status information is obtained through channel reciprocity.
Preferably, if the pre-equalization manner comprises performing pre-equalization to
merely the phase, the generating the pre-equalization coefficients according to the pre-
equalization manner comprises: obtaining a phase indicator according to a feedback

from a receiver, and generating the pre-equalization coefficients according to the
obtained phase indicator.

Preferably, the transmitter obtains quantified phase information of channel frequency
response according to the phase indicator, generates frequency phase response coef-
ficients on an allocated bandwidth according to the phase information and takes the
frequency phase response coefficients as frequency-domain pre-equalization coef-
ficients.

Preferably, the method further includes dividing the frequency domain into one or
more sub-bands, wherein the phase indicator is based on a sub-band, the number of the
one or more sub-bands is larger than or equal to 1, the transmitter generates the
frequency-domain pre-equalization coefficients on the allocated bandwidth according

to a corresponding relationship between the phase indication and the one or more sub-
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response according to the phase indicator, converts the phase information into corre-
sponding frequency phase response coefficients and takes the frequency phase
response coefficients as frequency-domain pre-equalization coefficients.

Preferably, the quantified phase information of the channel impulse response is phase
information of a highest energy path in a multipath channel, or is phase information of
an average of phases of X highest energy paths in a multipath channel, wherein X is
larger than 1.

Preferably, the feedback is obtained from phase indication bit field added in uplink
scheduling grant or from a dedicated feedback channel.

The present disclosure also provides a signal receiving method based on filter bank,
including determining, by a receiver, whether post-equalization is to be performed to
demodulated signals based on filter bank according to pre-equalization configuration
information; wherein the pre-equalization configuration information indicates whether
pre-equalization is enabled or disabled, if the pre-equalization configuration in-
formation indicates that the pre-equalization is enabled, performing by the receiver a
post-equalization to the demodulated signals based on filter bank according to a
composited equivalent channel frequency response of the pre-equalization coefficients
and the channel frequency response, if the pre-equalization configuration information
indicates that the pre-equalization is disabled, performing by the receiver, amplitude
and phase post-equalization to the demodulated signals based on filter bank according
to an estimated channel frequency response.

The present disclosure also provides a signal receiving method based on filter bank,
including determining, by a receiver, whether post-equalization is to be performed to
demodulated signals based on filter bank according to pre-equalization configuration
information indicated to a transmitter; wherein the pre-equalization configuration in-
formation indicates whether pre-equalization is enabled, if the pre-equalization con-
figuration information indicates that the pre-equalization is enabled, and a pre-
equalization manner is performing pre-equalization to both amplitude and phase, the
receiver does not performing post-equalization to the demodulated signals based on
filter bank, if the pre-equalization configuration information indicates that the pre-
equalization is enabled, and a pre-equalization manner is performing pre-equalization
to merely phase, performing by the receiver a post-equalization to the demodulated
signals based on filter bank according to a composited equivalent channel frequency
response of the pre-equalization coefficients and the channel frequency response, if the
pre-equalization configuration information indicates that the pre-equalization is

disabled, performing by the receiver, amplitude and phase post-equalization to the de-
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modulated signals based on filter bank according to an estimated channel frequency
response.

Preferably, the performing of the post-equalization according to the composited
equivalent channel frequency response of the pre-equalization coefficients and the
channel frequency response includes: the receiver directly estimating the composited
equivalent channel frequency response of the pre-equalization coefficients and the
channel frequency response through receiving a reference signal which is pre-
equalized and used for channel estimation; or the receiver performing a channel es-
timation to a reference signal which is not pre-equalized and indirectly estimating the
composited equivalent channel frequency response of the pre-equalization coefficients
and the channel frequency response according to a pre-equalization manner adopted by
the transmitter, wherein the equivalent channel frequency response is used for
performing post-equalization to the demodulated signals based on filter bank.

Preferably, the pre-equalization manner is pre-defined or an indication of the pre-
equalization manner is contained in the pre-equalization configuration information.

The present disclosure also provides a transmitter based on filter bank, including a
control signaling processing module, a pre-equalization switch, an information source,
a pre-equalization coefficients generating module and a transmission synthesis filter
bank, wherein the control signaling processing module is to obtain pre-equalization
configuration information, wherein the pre-equalization configuration information
indicates whether pre-equalization is enabled, if the pre-equalization configuration in-
formation indicates that pre-equalization is enabled, the control signaling processing
module controls the pre-equalization switch to connect with the pre-equalization coef-
ficients generating module, such that real number signals generated by the information
source are pre-equalized according to the pre-equalization coefficients generated by the
pre-equalization coefficients generating module before being modulated by the
transmission synthesis filter bank, if the pre-equalization configuration information
indicates that the pre-equalization is disabled, the control signaling processing module
controls the pre-equalization switch to connect with the transmission synthesis filter
bank, such that real number signals generated by the information source are directly
modulated by the transmission synthesis filter bank.

Preferably, the pre-equalization configuration information is obtained by the control
signaling processing module from scheduling control signaling.

Preferably, the pre-equalization coefficients generating module generates the pre-
equalization coefficients according to a pre-equalization manner, wherein the pre-
equalization manner is pre-defined or an indication of the pre-equalization manner is
contained in the pre-equalization configuration information.

The present disclosure further provides a receiver based on filter bank, including: a
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receiving analysis filter bank, a post-equalization switch, a post-equalization coef-
ficients generating module, and a real part obtaining module; wherein the post-
equalization switch is to determine whether post-equalization is to be performed to de-
modulated signals of the receiving analysis filter bank according to pre-equalization
configuration information indicated to a transmitter, wherein the pre-equalization con-
figuration information indicates whether pre-equalization is enabled, if the pre-
equalization configuration information indicates that pre-equalization is enabled, and a
pre-equalization manner is to perform pre-equalization to both amplitude and phase,
the post-equalization switch connects to the receiving analysis filter bank and the real
part obtaining module, if the pre-equalization configuration information indicates that
pre-equalization is enabled, and a pre-equalization manner is performing pre-
equalization to merely phase, the post-equalization switch transmits the pre-
equalization manner to the post-equalization coefficients generating module, and
connects to the receiving analysis filter bank and the post-equalization coefficients
generating module, such that the post-equalization coefficients generating module
generates post-equalization coefficients, and performs amplitude post-equalization to
demodulated signals of the receiving analysis filter bank according to a composited
equivalent channel frequency response of the pre-equalization coefficients and the
channel frequency response before transmitting to the real part obtaining module, if the
pre-equalization configuration information indicates that pre-equalization is disabled,
the post-equalization switch connects to the receiving analysis filter bank and the post-
equalization coefficients generating module, the post-equalization coefficients
generating module generates post-equalization coefficients and performs amplitude
and phase post-equalization to demodulated signals of the receiving analysis filter bank
according to an estimated channel frequency response before transmitting to the real

part obtaining module.
Preferably, the pre-equalization manner is pre-defined or an indication of the pre-

equalization manner is contained in the pre-equalization configuration information.
Advantageous Effects of Invention

The OQAM signal transmission solution with configurable pre-equalization provided
by the present disclosure provides flexibility for network scheduling, ensures spectrum
efficient as much as possible under heavy network loads through pre-equalization to
the transmission signal, and avoids impact of tails under low network loads through
changing configuration of subframes so as to ensure quality of service of users as much
as possible.
Brief Description of Drawings

For a more complete understanding of the present disclosure and its advantages,
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reference is now made to the following description taken in conjunction with the ac-
companying drawings, in which like reference numerals represent like parts:

FIG. 1 is a schematic diagram illustrating generation of FBMC/OQAM signal
according to an embodiment of the present disclosure.

FIG. 2a is a schematic diagram illustrating a tail effect during burst transmission of
FBMC/OQAM signals according to an embodiment of the present disclosure.

FIG. 2b is a schematic diagram illustrating a scenario that wave forms of data blocks
are not overlapped.

FIG. 2c is a schematic diagram illustrating a scenario that wave forms of data blocks
are partially overlapped.

FIG. 3 is a schematic diagram illustrating a FBMC/OQAM system according to an
embodiment of the present disclosure.

FIG. 4 is a schematic diagram illustrating transmission and receiving of pre-
equalized OQAM signals according to a first embodiment of the present disclosure.

FIG. 5 is a schematic diagram illustrating transmission and receiving of OQAM
signals without pre-equalization according to the first embodiment of the present
disclosure.

FIG. 6 is a schematic diagram illustrating transmission and receiving of pre-
equalized OQAM signals according to a second embodiment of the present disclosure.
Mode for the Invention

Before undertaking the DETAILED DESCRIPTION below, it may be advantageous
to set forth definitions of certain words and phrases used throughout this patent
document: the terms "include" and "comprise," as well as derivatives thereof, mean
inclusion without limitation; the term "or," is inclusive, meaning and/or; the phrases
"associated with" and "associated therewith," as well as derivatives thereof, may mean
to include, be included within, interconnect with, contain, be contained within, connect
to or with, couple to or with, be communicable with, cooperate with, interleave,
juxtapose, be proximate to, be bound to or with, have, have a property of, or the like;
and the term "controller" means any device, system or part thereof that controls at least
one operation, such a device may be implemented in hardware, firmware or software,
or some combination of at least two of the same. It should be noted that the func-
tionality associated with any particular controller may be centralized or distributed,
whether locally or remotely. Definitions for certain words and phrases are provided
throughout this patent document, those of ordinary skill in the art should understand
that in many, if not most instances, such definitions apply to prior, as well as future
uses of such defined words and phrases.

FIGURES 1 through 6, discussed below, and the various embodiments used to
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describe the principles of the present disclosure in this patent document are by way of
illustration only and should not be construed in any way to limit the scope of the
disclosure. Those skilled in the art will understand that the principles of the present
disclosure may be implemented in any suitably arranged telecommunication tech-
nologies. The present invention is described in further detail hereinafter with reference
to accompanying drawings and embodiments to make the objective, technical solution
and merits therein clearer.

Filter bank modulation scheme FBMC can achieve waveform with proper time/
frequency localization by adopting well-designed prototype filter function, e.g., based
on prototype filter functions such as Isotropic Orthogonal Transform Algorithm
(IOTA), or Extended Gaussian Function, or European PHYDYAS. FBMC performs
pulse shaping to signals of each subcarrier utilizing filters with better time/frequency
localization, such that:

1) FBMC is able to restrain ISI brought out by multipath without the need of CP,
which brings higher spectrum efficiency and energy efficiency compared to OFDM,
and has a better receiving robustness under larger time error at the same time, therefore
a non-rigid synchronized transmission is allowed;

2) Benefit from better frequency localization, FBMC is able to transmit signals
within extremely narrow frequency resources and remain lower out-of-band leakage.
Such that, Inter-Carrier Interferences (ICI) brought out by Doppler or phase noise can
be restrained better.

Therefore, FBMC has great potential in scenarios such as cognitive radio, sporadic
access and asynchronous transmission.

In order to maximize the spectrum efficiency of FBMC, Offset Quadrature
Amplitude Modulation (OQAM) technique has been proposed, which is referred to as
FBMC/OQAM or OFDM/OQAM, hereinafter shortened as OQAM. With OQAM,
QAM modulated signals are divided into real part and imaginary part, which are
transmitted on subcarriers in a staggered manner. At a receiving end, if there is no
impact of the channel, the transmitted signals can be reconstructed by alternatively re-
trieving real part and imaginary part of the signals on each subcarrier. FIG. 1 is a
schematic diagram illustrating generation of a FBMC/OQAM signal. Functions of
various modules can be easily understood based on a following OQAM signal formula.
Baseband equivalent form of continuous-time multi-carrier FBMC/OQAM signal can
be expressed by a following formula (1):

MathFigure 1
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[Math.1]

) = > leamn(' m-ngl 2l nz,)

neZz =0

I aE)

wherein (+),,, denotes frequency-time point; a,,, denotes real-valued modulation
signal transmitted on the mth subcarrier of the nth symbol with a symbol duration of ,
i.e., a Pulse Amplitude Modulation (PAM) symbol, taking from the real part or the
imaginary part of a complex Quadrature Amplitude Modulation (QAM) symbol with a
symbol period of , e.g.,

ER{cm ﬂ}j A 1s an even number

ER{cmﬁ}, n 1s an odd number

wherein
w{}

and
X3

respectively denote functions of obtaining the real part and the obtaining the
imaginary part; j is an imaginary symbol, j» denotes alternation of a real number and
an imaginary number; M is an even number and denotes the number of subcarriers; Z

denotes a set of transmitted symbols;

Vo

denotes interval of subcarriers;

4
denotes symbol period of the OQAM,
T, =7/2=1/(2v,)

; g denotes a prototype filter function, the time-domain impulse response length is
generally K times of
T
, which leads to partial overlap of time-domain waveforms of adjacent (2K-1)
symbols. Therefore, K is also referred to as an overlapping factor of the filter; g,,,(t)
denotes a synthesis filter function used for modulate a,, .
It can be seen that the symbol rate of OQAM is two times of the conventional OFDM

symbol rate, and no cyclic prefix is added. Since OQAM is modulated by real number,



12

WO 2016/114548 PCT/KR2016/000278

the information amount of each OQAM symbol is half of the conventional OFDM.
[61] The orthogonality of the OQAM in real field is realized through designing a
prototype filter function to make an inner product of the synthesis filter function in the
transmission phase and the analysis filter function during the receiving phase meets or
approximately meets a formula (2), i.e., the prototype filter needs to meet:
[62] MathFigure 2
[Math.2]

SR{<gm,n | gm,n'>} = ER[J- gn;n(t)g:#,n'(t)dt} = 5/71,[155,7,:1'
%/I—/
()

[63] wherein * denotes complex conjugation,
R}
denotes an operation of obtaining the real part,
()

denotes an operation of obtaining an inner product, if m = m', n =n', then,

5n,n' =1
otherwise the values of them are 0. In other words, if m # m' or n # n', the inner
product is a pure imaginary. For simplicity, the inner product is expressed by

>m',n‘

&)
. Obviously, interferences caused by signals of different subcarriers and different
symbols are pure imaginary interferences. Thus, when the FBMC/OQAM modulated
signal s(t) is transmitted via a distortion-free channel, perfect reconstruction (PR) of

the originally transmitted real number signal a,,, can be realized through a simple

operation to the received signal using a receiving analysis filter (AF)

&)
matching the transmitting synthesis filter (SF)
&)

according to the formula (3), wherein

To
denotes noises. Subsequently, a complex QAM signal
C.

w2, 7

can be synthesized, so as to demodulate the original data.
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[64] MathFigure 3

[Math.3]
a,, = ®| m}: iR{((s(t) +1(t))] gm)} =a,, +,m=0,.M-LneZ
[65] But a practical channel is not distortion free. It is well-known that the channel usually

has a frequency-selective fading due to multipath and/or time-selective fading due to

Doppler effects. The channel impulse response is simplified as
e = |
, wherein
|4 mormy
denotes amplitude variation,
A
denotes phase variation. Suppose that channel condition does not change during unit

symbol period and unit subcarrier bandwidth,

H,,
is used to denote the frequency response of the channel
At)
on the m-th subcarrier of the n-th symbol. Thus, the received signal can be denoted
by:
[66] MathFigure 4
[Math.4]
M1
) =2 Z:,) H oy 180 GnAE) + A1)
neZ me=
[67] It is out of question that the complex channel will damage the orthogonality of the

OQAM in the real field. The demodulation of
G0, n0
is taken as an example, as shown in formula (5).
0, 0
cannot be retrieved by directly obtaining the real part of
Y o0, 00
. Additional operations must be performed to eliminate or reduce to the largest extent

the damage of
H

mn
to the orthogonality in the real field.
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[68] MathFigure 5
[Math.5]

[69]

[70]

[71]

m0,n0

Ymono = <r(t)|gm0n0> J— m0n0+2 Z Hmn mn< >m,,, + 1

(m,m)=(m0,n0)

Im00
The above
I'm0,n0
is relevant to the design of the localization property of the prototype filter, therefore
is also referred to as intrinsic interference. Due to the TFL characteristic of the

prototype filter g, in inherent interference items on

(D, n0)
, merely impacts of limited neighboring symbols
(m n) = (9, n0)

cannot be ignored, but not all symbols. In other words, the pure imaginary

< >n0n0

has relatively large absolute values on merely limited
(m n) # (D, n0)

symbols and cannot be ignored, others are very small, approach to O or are 0. Thus,
compared to the noises, the latter part can be completely omitted and merely those
limited neighboring symbols need to be considered. The values of the limited
neighboring
(m n) # (), n)

symbols which cannot be ignored are denoted by a set

< Am ‘q—nO‘ < A}

Qo = (0
(this set is corresponding to the time-frequency localization of the prototype filter

function). Thus,

I m0,1n0

can be further expressed by:

MathFigure 6
[Math.6]
m0 n0 m0,n0
Ly a0 = Z Hp,qap,q < > Z Hp' e <g>p,7q, b/
(P91, 1 (P
&0 50-main ICTand ISI J 0 0+ €an be omitted

It is apparent according to the formulas (5) and (6) that, in order to eliminate
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[72]

[73]

[74]

[75]

[76]

§m0,n0

and retrieve

Ao, 10
through simple frequency-domain channel equalization, condition of the following
formula (7) should be met. That is to say, although a time variant multipath channel is

passed, the channel is required to be correlated within a local scope denoted by

Q

Am An
. Thus, the design of the prototype filter needs to match the channel characteristic. The

better the time-frequency localization, the smaller that the scope of the corresponding

Q

Am AN

and the easier that the condition (7) can be met.
MathFigure 7

[Math.7]

quno ~ Hp,q !(pr q) € QAm An

Therefore, the signals after the receiving filter as shown in formula (5) can be ap-
proximately expressed by formula (8):

MathFigure 8
[Math.8]

m0,n0
ymO,nO & Hmo,noamo,no + ézmo,no ~ Hmo,no amo,no + Z ap,q <g >p,q + T]O
(PA)EQpn,

S, pure imagi nary
As long as the channel frequency response at the
(7D, 70)

is equalized, the transmitted

anﬂ, 0

can be retrieved through a real part obtaining operation.

In view of the above, although FBMC/OQAM symbols are partially overlapped in
the time-domain and the frequency-domain subcarriers are not orthogonal in the
complex field as OFDM symbols, if the alternation of the real part and imaginary part
of the OQAM and the localization design of the prototype filter make the demodulated
signal output meets the condition of formula (7), impact of the channel can be
eliminated by simple frequency-domain equalization, thereby reconstructing the

complex real field orthogonality. Then the transmitted signals can be reconstructed
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[77]

[78]

[79]

[80]

through demodulation by a real part obtaining operation. A typical OQAM signal
equalization detection can be expressed by formula (9), wherein SINR denotes an in-
formation-to-noise ratio when there are multi-user interferences.

MathFigure 9
[Math.9]

ol MOy,
[

denotes a modulo operation.

t)) o« a
2 + SINR g"”( ) g

For downlink or uplink single user transmission, as long as the design of the
prototype filter matches the delay spread and/or Doppler frequency spread of the
channel, the condition in formula (7) can be met through configuring a reasonable
subcarrier interval and data transmission duration. As such, the ICI and ISI can be
omitted. However, the inventor of the present application regards that for the uplink
multi-user data block transmission of FBMC/OQAM, the condition of formula (7) is
hard to be met. The reason is signals of different uplink users are usually transmitted to

the base station via non-correlated channels. Therefore, time-domain neighboring sets

Q, = {‘q—no‘ < An}

of different users overlapping in the frequency-domain are hard to be regarded as
correlated, which is the reason that the tail of the FBMC/OQAM requires special
processing during uplink multi-user data block transmission.

Hereinafter the tail problem is described. Communication system resources are
generally divided into time-frequency resource grids according to time and frequency.
Then the minimum time-frequency resource grids are grouped into basic resource
blocks to facilitate scheduling. For example, Transmission Time Interval (TTI) or
subframe (also referred to as burst) defined in communication standards refer to a
concept of transmission via basic resource blocks in time; in the frequency-domain, the
concept of the basic resource block is defined by size of bandwidth, e.g., several sub-
carriers. Finally, the data blocks of the user are mapped to the resource blocks for
transmission. OFDM adopts rectangle waveform and therefore the symbols of one
resource block are closely adjacent to each other and there is no overlap. However,
FBMC/OQAM adopts a prototype filter with a relatively long length, although a

symbol is transmitted during each

o

, different from OFDM, the length of each symbol is not consistent with the symbol
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[81]

[82]

period but exceeds a lot. Thus, a data block consists of multiple symbols has a pre-tail
and a post-tail. Referring to the waveform of the prototype filter on the subcarrier O
shown in FIG. 2(a), burst 1 denotes the data block transmitted by a first user, burst 2
denotes the data block transmitted by a second user, burst 3 denotes the data block
transmitted by the third user, the length of each of them is Ly, containing several
OQAM symbols, the tail of each burst contains a pre-tail and a post-tail, each has a
length of Lr. The length of the tail is subject to the length of the prototype filter. It can
be seen that the tail leads to overlapping between waveforms of data blocks. Thus, the
interferences need to be solved. FIG. 2b shows a situation that there is no overlapping
between the waveforms of the data blocks of the uses. At this time, OQAM symbols
transmitted in each data block are reduced, which leads to waste of resources. FIG. 2¢
shows a situation that the waveforms of the data blocks of the users are partially
overlapping. In a practical design, it can be used as a compromised option. In addition,
if it is desired to avoid waste through cutting off the tails, the cut-off can lead to
waveform distortion and therefore bring additional ICI. This manner should be adopted
cautiously after estimating the spectrum efficiency could be reached.

With respect to the above, the present disclosure provides an FBMC/OQAM system
with configurable pre-equalization and a signal transmission and receiving method of
the system. FIG. 3 shows a schematic diagram of the present disclosure. Hereinafter,
the principle of the FBMC/OQAM system of the present disclosure is described with
reference to FIG. 3.

a) a control signaling processing unit (302) obtains from a network scheduler (301),
scheduling control signaling, also referred to as scheduling grant. The scheduling grant
includes at least resource allocation and mapping information and pre-equalization
configuration information. Preferably, the resource allocation and mapping information
is used to indicate time-frequency positions of the resource blocks for transmitting
data, number of OQAM symbols on basic resource block or burst, and the mapping
from the data to the resource blocks. The pre-equalization configuration information is
used to indicate whether pre-equalization is enabled when data is transmitted on corre-
sponding resources. Furthermore, if the pre-equalization is enabled, a pre-equalization
manner can be configured, or the pre-equalization manner can be configured in
advance. The pre-equalization manner can include: performing pre-equalization to both
the amplitude and the phase based on channel reciprocity, or, performing pre-
equalization to merely the phase based on channel reciprocity, or performing pre-
equalization to merely the phase according to limited feedback. The pre-equalization
manner determines pre-equalization coefficients W,.. In addition, numbers of OQAM
symbols on basic resource block or burst are configured to be different when the pre-

equalization is enabled and disabled, i.e., subframe type information adopted when the
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[83]

[84]

pre-equalization is enable and disabled can be configured, the subframe type in-
formation indicates the number of symbols transmitted in the subframe and the
transmission timing of the first symbol. That is, different subframe types can be
configured. Different subframe types have different tail lengths extending beyond the
subframe. It can be realized through configuring the number of OQAM symbols
transmitted in a subframe. Different subframe types are utilized when the pre-
equalization is enabled and disabled.

b) A signal source (303) prepares the data to be transmitted according to the allocated

resources, wherein the data is real number signal, denoted by

1=

c¢) A pre-equalization switch (304) determines according to the pre-equalization con-
figuration information obtained from 302 whether pre-equalization is to be performed

to the real number signal

mn

outputted by 303 before OQAM modulation. If the pre-equalization is not enabled,
the real number signal is directly transmitted to a synthesis filter bank (306) for
OQAM modulation after serial/parallel conversion. At this time, the output s(t) can be
expressed by formula (1). If the pre-equalization is enabled, pre-equalization coef-
ficients generating unit (305) generates pre-equalization coefficients W,,. according to

obtained channel status information and the configured pre-equalization manner. The

(=

is pre-processed by the pre-equalization coefficients before the OQAM modulation at
306, then OQAM signal s(t) is generated. The purpose is to keep the signal tend to
meet the real field orthogonality of the OQAM after passing through the channel, i.e.,
the pre-equalization is performed with respect to the channel, thus the composited

equivalent channel frequency response

~

H

is a real number or the imaginary part is small and can be ignored, i.e.,
H
=W,.H

e

R

, wherein
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[85]

[86]

[87]

R

denotes a real number,

o

denotes equal to or close to, H denotes channel frequency response; or let phases of

equivalent channel frequency responses

~

H

of different users on adjacent bursts close as much as possible, so as to reduce inter-
ferences brought out by tail overlapping. Herein:

If the pre-equalization manner is to perform pre-equalization to both the amplitude
and the phase, complete channel status information is generally required to be obtained
based on channel reciprocity to generate the pre-equalization coefficients W, such
that the composited equivalent channel frequency response of the pre-equalization co-
efficients and the channel frequency response is a real number or its imaginary part ap-
proaches to 0, and the modulo of the equivalent channel frequency response is close to

1, 1.e.,

R

=1.

If the pre-equalization manner is performing pre-equalization to merely the phase, in
a practical system, complete channel status information can be obtained based on
channel reciprocity to generate the pre-equalization coefficients W, or phase ad-
justment information can be obtained based on limited feedback to generate the pre-
equalization coefficients W ., according to the former, the composited equivalent
channel frequency response of the pre-equalization coefficients and the channel
frequency response is a real number or its imaginary part approaches to 0, and the
modulo of the equivalent channel frequency response is approximate to the modulo of

the channel frequency response, i.e.,
% =[H]|

. Therefore, damage of the channel to the real field orthogonality of OQAM is
eliminated greatly and a better performance is obtained. For the latter, since the
practical system allows limited feedback overhead, it is only possible to let phases of
composited equivalent channels of different users tend to be the same as much as
possible through quantified phase adjustment, so as to reduce damage of the channel to
the real field orthogonality of the OQAM as much as possible via post-equalization,
which merely has suboptimal performance.

The s(t) after the pre-equalization can be expressed by formula (10), wherein the
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[88]

[89]

[90]

channel status information used in the pre-equalization can be obtained through
feedback or channel reciprocity.
MathFigure 10

[Math.10]
& . 2yt
Kt) = Z Z M/é’&(mn)am,nj e T gt - ny)
neZ meQ

I )

d) A receiving analysis filter bank (307) performs an OQAM demodulation to the
OQAM signals r(t) transmitted through the channel, the output is denoted by

ym,n

e) According to the pre-equalization configuration information indicated to the
transmitter by the network scheduler, a determining module 308 determines whether to
perform a post-equalization to the signals outputted by 307. In the case that pre-
equalization during data transmission is configured and the pre-equalization manner is
performing pre-equalization to both the amplitude and the phase, no post-equalization
is performed to the output

Yo

of 307. Instead, a real-part obtaining operation is directed performed at 310, so as to
obtain the estimated transmission signal
A

. If the pre-equalization during data transmission is configured and the pre-
equalization manner is performing pre-equalization to merely the phase, a post-

equalization is performed to the output
y i

of 307. At this time, the post-equalization is to equalize according to the post-
coefficients generated according to the estimated composited equivalent channel

frequency response

~

H

of the pre-equalization coefficients and the channel frequency response. The utilized

post-equalization coefficients are denoted by
Waaﬁ
. The estimation of the equivalent channel frequency response can be obtained by the

receiver via direct estimation through receiving a reference signal which is pre-

equalized by the pre-equalization coefficients consistent with the data and used for
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[91]

[92]
[93]

[94]

[95]

channel estimation, or obtained by the receiver through performing channel estimation
to the reference signal which is not pre-equalized and then indirectly estimating
according to the pre-equalization manner of the transmitter. The equalized signals are
transmitted to 310 to obtain the real part, so as to obtain the estimated transmission

signal

~

a

m,n

. I pre-equalization during data transmission is not configured, channel equalization is
performed to the amplitude and phase of the output
Yomn
of 307. The utilized equalization coefficients are denoted by
Wbafz
. The equalized signals are transmitted to 310 to obtain the real part, so as to obtain the
estimated transmission signal
&m,n
. The channel status information used in the post-equalization can be obtained via pilot
signal used for channel estimation.

Hereinafter several preferred embodiments are provided to describe the technical
solution of the present disclosure.

Embodiment 1

In practical implementation, baseband signal is directly generated in discrete-time
form, which is a sampling sequence on rigid sampling points of a continuous signal,
i.e., the sampling frequency meets the sample principle. The discrete baseband signal
of the FBMC/OQAM system can be described by formula (11), in which the variable t
in formula (1) is replaced by sampling time 1:

MathFigure 11
[Math.11]

N=YYa,7m0

/- ejz%n(/figzil)
neZ m=0 2

Il /]

Wherein L, denotes the length of the prototype filter, generally L,= KM, or KM -1 or
KM + 1. K denotes an overlapping factor,
L,—1
2

is to make ensure that it is a causal system. It should be noted that, the present

disclosure does not related to detailed design of the prototype filter. The waveform of
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[96]

[97]

[98]

the prototype filter shown in FIG. 2(a) is merely an example, which is a prototype filter

function approximately meet the formula (2), its time-domain tap coefficients are

g(0)=0,g(1)=1-1.94392 cos(ZL—”l) +1.414 cos(4L—”l) —0.47029 cos(6L—”l),1 <i<l -1

{ g g g }

In this embodiment, we suppose that the FBMC/OQAM system is a Time Division
Duplex (TDD) system, its parameters are as follows: the number of subcarriers is
M=512, the subcarrier interval is
v,

=15khz, the sampling frequency is 7.68Mhz, repeat factor is K = 4, the length of the
prototype filter is L, = 2048 samples. As to the types of the bursts, we assume there are
two different types: respectively referred to as Extended Burst (EB) and Non-Extended
Burst (NEB). The length of both the EB burst and the NEB burst is 0.4 ms, i.e., 3072
samples. In addition, the lengths of the EB burst and the NEB burst can also be
configured differently, i.e., the system can support different kinds of subframe lengths.
In this embodiment, the lengths are configured the same for simplicity. As shown in
FIG. 2(a), the length of the EB is Ly = 0.4ms = 3072 samples, each burst has a pre-tail
and a post-tail, each has a length of

M M

Ly = (K =)+ =8%

samples. Each EB includes 12 symbols. The tails on the two sides extend beyond the
burst. The burst as shown in FIG. 2(b) is NEB, the length of the burst is also Lg =
0.4ms = 3072 samples. But each burst includes 6 symbols as shown in FIG. 2(b). Since
6 symbols are reduced, the tails are within the burst and are not extended beyond the
burst. It should be noted that the burst type can also be configured following FIG. 2(c),
i.e., each burst includes § symbols. A part of the tails is allowed to extend beyond the
burst. Since the interference of the tails is relatively small, the determination of the
length of the burst and the number of symbols are subject to overall consideration of
the system design.

In this embodiment, scheduling options for the multi-user scheduler includes the two

options shown in Table 1.
Table 1
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[Table 1]
Scheduling options Transmitter Receiver

[99]

[100]

[101]

Option A: the frequency
bands of the scheduled
multiple users are
overlapping, bursts of the
multiple users are time-
division multiplexed
(TDM) in consecutive
manner. This option is ap-
plicable for situations with
heavy access network load

and limited resources.

The pre-equalization is
enabled. Both the channel
amplitude and the phase are
equalized; EB is adopted to
transmit data; and pre-
equalization is performed
according to the channel
reciprocity of the TDD

system.

The post-equalization is
disabled.

Option B: the frequency
bands of the scheduled
multiple users are
overlapping, but the bursts
of the users are time-
division multiplexed in
non-consecutive manner.
NEB is adopted. This
option is applicable for
situations with low access
network load and enough

resources.

The pre-equalization is
disabled;data is transmitted

via EB manner.

The post-equalization is
enabled. Conventional
equalization manner is
adopted. Both the amplitude
and the phase need to be

equalized.

For facilitating the description, it is assumed that the M subcarriers are all used for

user data transmission and the resource allocation and mapping procedure is omitted.

If the pre-equalization of above FBMC/OQAM system with configurable pre-

equalization is configured as enabled (scheduling option A), the transmission and the

receiving of the baseband signal are respectively as follows:

The transmitter knows from the scheduling control signaling transmitted by the

network scheduler that pre-equalization needs to be performed to signals to be

transmitted by the transmitter and the signals are to be transmitted using the EB

structure, and the transmitter generates the frequency-domain pre-equalization coef-

ficients according to the channel reciprocity of the TDD to perform the pre-

equalization to the transmission signals before OQAM modulation. FIG. 4 shows a
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[102]

[103]

[104]

[105]

[106]

schematic diagram of an implementation of OQAM signal transmission and receiving
with pre-equalization.

As shown in FIG. 4, At the transmitting end, 401 is a converting module for
converting complex QAM modulated symbol of OQAM to real number PAM signal.
402 is a pre-equalization module. 403 is a synthesis filter bank implementation module
adopting Inverse Fast Fourier Transform (IFFT) and polyphase filtering. 404 is a
serial/parallel conversion module. OQAM signals with pre-equalization can be
expressed by formula (12). As shown in FIG. 4, before IFFT, signals to be transmitted
on each subcarrier is multiplied with coefficients W, the pre-equalization coefficients
are used to avoid impact of time-variant multipath channel on the real field or-
thogonality of the OQAM. Thus, the transmitter estimates according to the channel

reciprocity to obtain the frequency response 77 on the m-th subcarrier of the nth
n,n

symbol, and generates the coefficients according to formula (13). The formula (13) can
also be referred to as a matching pre-equalization algorithm, i.e., obtaining a conjugate
of the estimated channel and dividing the conjugate by the square of the modulus of
the estimated channel.

MathFigure 12

[Math.12]
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denotes modulo operation.

At the receiving end, 405 is a serial/parallel conversion module, 406 is a receiving
synthesis filter bank implementation module which matches 403, 407 is a real part

obtaining module, 408 is a real number to complex number conversion module which
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operates inversely with respect to module 401. The OQAM signals r(/) transmitted

through the channel received by the receiver can be expressed by formula (14):
[107] MathFigure 14

[Math.14]
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[108] It is known from formula (14) that, in the case that the channel estimation error is

within a certain range,

~

H

can be regarded as equal to the real channel H,,,. Then, the composited equivalent

channel frequency response

H=-W H=x~l

pre
. Therefore module 406 of the receiver demodulates the received r(l) is as shown in

formula (15), wherein the output

(D, nO)

on

(), n0)

is taken as an example. According to design of the prototype filter, the latter item can

be regarded as an imaginary. Therefore, according to the pre-equalization information
configured by the network scheduler to the transmitter, the receiver directly inputs the
output y,,, of the module 406 to the module 407 to perform a real part obtaining

operation, so as to obtain the transmitted signals

G, =R i=a,, +m=0,M~LneZ

[109] MathFigure 15
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[110] Apparently, through the description of the above pre-equalization solution, even if

[111]

the EB-based multi-user time division multiplex shown in FIG. 2a is adopted for
different users, the tail will not lead to serious interferences due to not meeting the
condition of formula (7), i.e., if only pre-equalization is properly performed to the
transmission signals of each user, the tails are allowed to extend beyond the bursts. The
spectrum efficiency can be maximized adopting the EB transmission manner.

Certainly, performance of the pre-equalization can be ensured if the channel es-
timation is relatively accurate. When the network load is relatively low, in order to
guarantee quality of service (QoS) of each user, the network can be configured as
NEB-based FBMC/OQAM signal transmission without pre-equalization (scheduling
option B). At this time, the transmission of the OQAM signals is as shown in FIG. 5.
Compared with FIG. 4, FIG. 5 lacks a pre-equalization module and has an additional
post-equalization module as denoted by 501. The signals transmitted by the transmitter
are in the form of formula (11). A shown in FIG. 2b, since the NEB transmission
manner is adopted for users, there is no overlap between different users. Therefore, the
problem whether channels of different users meet the formula (7) needs not to be
considered. But for a single user, overlapping signals on its burst meets the condition
of formula (7), therefore the receiver of each user can reconstruct the transmitted
signals by performing equalization to merely the output y,,, of its own synthesis filter
bank according to formula (8) which takes the output y,, ,on the
(D, n0)

as an example. Then module 501 of the transmitter merely needs to generate the

equalization coefficients according to the estimated channel

~

. At this time, the post-equalization manner is conventional channel equalization,
e.g., Minimum Mean Square Error (MMSE) equalization or matched filter

equalization, etc. Take the matched filter equalization as an example, it is defined that

A
£

b _ m,n
aft,(mn) — 2

A

m,n
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[112]

[113]
[114]

[115]

, then y,, , is equalized according to the coefficients, the transmitted signals can be re-
constructed after a real part obtaining operation, i.e.,

b A
9{{ﬂ/]‘i‘,(r.f’.'.,n)ym,n} < d

i

m, A

In view of the above embodiment, the OQAM signal transmission solution with con-
figurable pre-equalization provided by the embodiment of the present disclosure makes
the network scheduling flexible. It ensures spectrum efficiency as much as possible
under heavy network load, and can become ensuring QoS of users as much as possible
under low network load. In the case that the burst is not long, e.g., the burst in this em-
bodiment is 0.4ms, the length of the tail is about 0.1167ms. The occupation ratio is
very high. If it is desired to avoid overlapping of the tails completely, there can be a
large spectrum efficiency loss. It was once regarded that FBMC system is not ap-
plicable for transmission based on short burst. This technical prejudice can be removed
completely by pre-equalization. Therefore, application scope of FBMC/OQAM is
further expanded.

Embodiment 2

In this embodiment, a Frequency Division Duplex (FDD) FBMC/OQAM system is
considered. Similar as embodiment 1, there are also two kinds of bursts, EB and NEB.
Parameters are configured similarly as in embodiment 1. In this embodiment, uplink
transmission scheduling options of the scheduler include two options as shown in
Table 2.

Table 2



28

WO 2016/114548 PCT/KR2016/000278
[Table 2]
Scheduling options Transmitter Receiver
Option C: the frequency The pre-equalization is The post-equalization is
bands of the scheduled enabled. Equalization is enabled. Equalization is
multiple users are performed to merely phase; |performed to merely

[116]

overlapping, bursts of the  |EB is adopted to transmit  |amplitude.
multiple users are time- data; and pre-equalization
division multiplexed in con{coefficients are generated
secutive manner. This according to time-domain
option is applicable for channel phase indicator

situations with heavy access|obtained from a feedback

network load and limited channel.

resources.
Option D: the frequency The pre-equalization is The post-equalization is
bands of the scheduled disabled;data are enabled. Conventional
multiple users are transmitted via EB manner. (equalization manner is
overlapping, but the bursts adopted. Both the amplitude
of the users are time- and the phase need to be
division multiplexed in equalized.

non-consecutive manner.
NEB is adopted. This
option is applicable for
situations with low access
network load and enough

resources.

In this embodiment, suppose that the transmitter can perform beam forming via a
plurality of transmission antennas to make the transmitted wave beam have a better di-
rectionality, such that a path in a boresight direction has the highest energy and most of
the energy is concentrated on this path. When the receiver receives this highest energy
path, the channel impulse response (time domain) estimated by the receiver can be

simply expressed by wherein ” hH (norm) denotes amplitude, ]jl' —el?

h(r) = n|r
denotes phase variation coefficients brought out by propagation delay. The feedback
channel phase indicator é obtained by the receiver from the feedback channel is a
quantization of g in 7, transmitted on the feedback channel via limited bits. For

example, for a channel direction of 360 degree, 6 bits and § bits can represent channel
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[117]

[118]

[119]

[120]

[121]

direction information with granularity of 5.625 degree and 1.5 degree, which is enough
for space resolution of most beam forming. Even if the highest energy path has a re-
flection path, suppose that there is receiving beam forming, multiple received main
paths can be equivalent to a path of one direction, and therefore can still be simply
formulated by h(t) = ”h”}—l»

If the pre-equalization is configured as enabled (scheduling option C), the
transmission and receiving of the baseband signal are respectively as follows.

The transmitter knows from scheduling control signaling transmitted by the network
scheduler that signals to be transmitted by the transmitter require pre-equalization and
the pre-equalization is performed merely to phase, signals are to be transmitted via EB
structure.

According to the indication of the network scheduler, the transmitter obtains

A _~ (time domain) via quantified ’é fed back by the receiver from the feedback
h=e”
channel. The transmitter converts the channel phase information > into frequency

h
phase response coefficients =  on channel (m,n). Hereinafter, discrete Fourier
m,n
transform (DFT) is used to denote frequency domain conversion. Note: to be
equivalent, the frequency phase response of the channel can be fed back directly via

the feedback channel to generate é . Further, the feedback channel can be a part of

the conventional uplink scheduling request, i.e., a newly-added phase indication bit
field. It is also possible to configure a new downlink feedback channel to enable the
base station to feed back the channel phase indicator to the terminal.

The transmitter generates frequency-domain pre-equalization coefficients Wi,

A

according to 2, and performs pre-equalization to the transmission signals and then
mn

performs OQAM modulation. FIG. 6 is a schematic diagram showing the transmission
and receiving of the pre-equalized OQAM signal provided by an embodiment of the
present disclosure. Compared with FIG. 4, the equalization module 601 generates the
pre-equalization coefficients via a different manner. At the same time, a post-
equalization module 602 is added. Other modules are similar as those corresponding
modules in FIG. 4. The pre-equalized OQAM signals generated by the transmitter and
the pre-equalization coefficients generated by the module 601 can be denoted re-
spectively by formula (12) in embodiment 1 and formula (16):

MathFigure 16
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[Math.16]
¥ . = H = DFT*(h)
pre m,n
[122] The OQAM signals r(1) received by the receiver via the channel can be denoted by
formula (17):

[123] MathFigure 17
[Math.17]

=Y Z H, W . 0nGn&uall]1+na()

ne Z m=0

~

=2 ZHm H: a g []+n(l)

ne 7. m= D%/_J
H

[124] According to formula (17), if there is a main path on which energy is highly con-
centrated, and if the estimation error and the quantification error of the channel
direction information are within a certain range, the estimated channel direction and
the practical channel direction are approximate, i.e., their phases are approximate.
Then, the composited equivalent channel frequency response is tends to be a real

number, i.e., the imaginary part is very small and can be ignored,

H=~W, A ~|H

A

. The receiver de-modulates r(1). Take the output
Y m0.n0
on channel
(D, n0)
as an example, it is known that y,, , of the synthesized filter bank approximately
meets real field orthogonality, as shown in formula (18). The second item in the
formula can be regarded as an imaginary.
[125] MathFigure 18
[Math.18]

#0,10
Yaon0 = <J"(]) ‘ gm,n) = Hﬁm),no am,n<g> + 1

W1
ﬁmu,nu + Z Z HHﬂ;,n
a n=0

m, 1
—_—
{mm=m0,n0)
imaginary
[126] The receiver knows that the transmitter performs the pre-equalization merely to the

phase. Therefore, the module 602 of the receiver performs post-equalization to y,,, as

shown in formula (18) according to the composited equivalent channel frequency
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[127]

[128]

[129]
[130]

[131]

response, the receiver directly estimates through receiving a reference signal which is
pre-equalized and used for channel estimation to obtain the equivalent channel

frequency response

H =~ |t

/T
, or the receiver obtains

A

through receiving a reference signal which is not pre-equalized and the receiver knows

the W,,. adopted by the transmitter, and therefore knows

indirectly, i.e., generates the post-equalization coefficients

|

H

m,n

a —
aft,(m,m) —

, multiplies with y,,,, and then obtains a real part to obtain the transmitted signal:

. Yo
Ay =N ”f =a,,+1,m=0,.M —l,ne Z

LR

In view of the above, the pre-equalization and the post-equalization are respectively
performed with respect to the phase and amplitude, which reduces required amount of
feedback. In addition, through feeding back channel direction information (time
domain) instead of directly feeding back frequency-domain channel phase, feedback
overload can be further reduced. It is merely required that the transmitter generates the
frequency-domain channel phase through Fourier transform, which is not complicated.

If the pre-equalization is configured as disabled (scheduling option D), the
processing is similar to those of scheduling option B in embodiment 1 and is not
repeated herein.

Embodiment 3

In this embodiment, a Frequency Division Duplex (FDD) FBMC/OQAM system is
considered. Similar as embodiment 1, there are also two kinds of bursts, EB and NEB.
Parameters are configured similarly as in embodiment 1. In this embodiment, uplink
transmission scheduling options of the scheduler include two options as shown in
Table 3.

Table 3
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[Table 3]
Scheduling options Transmitter Receiver

[132]

[133]

[134]

Option E: the frequency
bands of the scheduled
multiple users are
overlapping, bursts of the
multiple users are time-
division multiplexed in con-
secutive manner. This
option is applicable for
situations with heavy access
network load and limited

resources.

The pre-equalization is
enabled. Pre-equalization is
performed to merely phase;
EB is adopted to transmit
data; and pre-equalization
coefficients are generated
according to frequency-
domain channel phase in-
dication obtained from a
feedback channel.

The post-equalization is
enabled. Post-equalization
is performed to merely

amplitude.

Option F: the frequency
bands of the scheduled
multiple users are
overlapping, but the bursts
of the users are time-
division multiplexed in
non-consecutive manner.
NEB is adopted. This
option is applicable for
situations with low access
network load and enough

resources.

The pre-equalization is
disabled; data are

transmitted via EB manner.

The post-equalization is
enabled. Conventional
equalization manner is
adopted. Both the amplitude
and the phase need to be

equalized.

In this embodiment, suppose that the transmitter adopts an omnidirectional

transmission antenna and a time-variant multipath channel is passed, the channel

impulse response of the channel at time t can be simply expressed by formula (19):

MathFigure 19
[Math.19]

h(t,7)=) C, (e’ 5z -1))

; wherein

g

Dn

denotes a doppler frequency shift of the nth path;
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[135]

[136]

e

denotes a phase shift brought out by propagation delay of the nth path;
T

i
denotes a relative delay of the nth path with respect to the first arrived path, and C,(t)
denotes a complex gain of the nth path; § is a Dirac Delta function. It can be seen from
this formula that, for a multipath channel with energy dispersion, it is not realistic to
directly feed back the time-domain channel status information to reconstruct the phase
information of the channel impulse response and the overhead is too large. However,
according to the delay spread of a multi-path channel, the channel can be divided into
multiple coherent sub-bands in the frequency domain. We can assume that the channel
frequency response within a sub-band is nearly constant. Thus, the channel frequency
phase response can be quantified per sub-band basis from the view of the coherent
bandwidth in frequency domain. For each sub-band one phase indicator can be fed
back. The phase indicator is used for reconstructing the frequency phase response coef-
ficients

~
—

H

", n
of each subcarrier within the sub-band. According to the channel frequency phase
response coefficients reconstructed based on the sub-bands, the pre-equalization coef-

ficients

Ed

Wpi"t’ - H

used on the allocated bandwidth can be generated. For example, the channel impulse

1,1

response of the multipath channel can be converted into the frequency domain, simply
expressed by formula (20):

MathFigure 20
[Math.20]

HH)=||H(f)]]e”

wherein

e
denotes frequency amplitude response (also referred to as amplitude frequency
response),
@(f)
denotes frequency phase response (also referred to as phase frequency response),
e /P

denotes corresponding complex frequency phase response coefficients. According to
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[137]

[138]

[139]

[140]

channel coherent bandwidth, the frequency phase response can be divided into K

segments

o(f)

, which correspond to a set of sub-bands. For each frequency segment fi, it is regarded
that the

@(f)

is changed linearly. Therefore, a quantified phase indicator
P(k)
can be utilized to perform limited feedback. According to the phase indicator, the

frequency phase response coefficients

i\'1/ Fo(fr.
HY,0 = e me .

of each subcarrier in the frequency segment f, can be reconstructed, the coefficients are
used for generating the pre-equalization coefficients W ..

For example, if the pre-equalization is configured as enabled (scheduling option E),
the transmission and reception of the baseband signal are respectively as follows.

The transmitter knows from scheduling control signaling transmitted by the network
scheduler that signals to be transmitted by the transmitter require pre-equalization and
the pre-equalization is performed merely to phase, signals are to be transmitted via EB
structure.

According to the indication of the network scheduler, the transmitter obtains the sub-
band based phase indicator
p(k)

from the feedback channel. Based on the sub-bands included in the allocated

bandwidth, the transmitter reconstructs the frequency phase response coefficients
H®, = oi?5

according to the sub-bands, and then obtains frequency phase response coefficients

~
—

Hm,n — /P

of all subcarriers of the allocated bandwidth. Further, the feedback channel can be a
part of the conventional uplink scheduling request, i.e., a newly-added phase indication
bit field. It is also possible to configure a new downlink feedback channel to enable the
base station to feed back the channel phase indication to the terminal.

The transmitter generates frequency-domain pre-equalization coefficients Wi, €.g.

W _ =H

pre FiLH
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according to

~
—

H

, and performs pre-equalization to the transmission signals and then performs OQAM
modulation. The OQAM signals r(l) received by the receiver via the channel can still
be denoted by formula (21):

[141] MathFigure 21
[Math.21]

r(h=>_ Z H, W, . rnrGn&mnll1+ 1)

ne Z m=0)

_ZZH”’! ”Hﬁ’t L .‘m ng}n n[l]+n(l)

ne 7. m= O%f—/
H

[142] In terms of the condition of formula (7) and formula (21) which is same as formula
(17), as long as the phase response coefficients of the composited equivalent channel
frequency response of the pre-equalization coefficients and the channel frequency
response among adjacent symbols approach the same, interferences resulted from

damage of OQAM real field orthogonality by multi-path channel can be reduced, i.e.,

m,n m,n

HWHHH

J(w(f -p(f) _ HH

, wherein

A

is a value with small difference among different symbols. The receiver de-modulates
r(l), taking the output
Y m0.n0
on channel
(7D, n0)
as an example, as shown in formula (22):
[143] MathFigure 22

[Math.22]
[y LS 20,20
Yaono = <r(1)‘ g,ﬂ,n> = H o P t Z Z /]m,nﬂm’n<g>“ 1,
n m=f !
S/ﬂ,n#(ﬂz(),n()) ,

imaginary

[144] Based on the premise of
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H=W, H=|H,,

o Pro) HH

mn

, according to formula (6), interferences between adjacent symbols can be further
reduced through post-equalization. The formula (22) can be approximately re-
formulated as formula (23):

[145] MathFigure 23
[Math.23]

Vutns = <z"(]) ‘ g’,,,y,?)

~ ~ al, 1) ~ w0,n0
- szz(),nodni(),nn + z Hp,c/dp,q<g>p g + z Hp’,q’dp’,a’<g>p, 7 + 77()

(7,00 Qap an (7'’ Dy, 4,
. pormain 10T and 18] St aasmay he ignored
= |H,, (g 4 a m )+
0 wl,no 1,4 77()
ﬁ (I>E 'QA/J An J
[146] Obviously, the receiver knows that the transmitter performs the pre-equalization

merely to the phase. Therefore, the module 602 of the receiver is able to retrieve the
transmitted data through performing post-equalization to y,,, as shown in formula (23)
according to the estimated equivalent channel frequency response. The receiver can by

direct-estimation obtain the equivalent channel frequency response

m,n

i =,

through receiving a reference signal which is pre-equalized and used for channel es-

timation, so as to generate the post-equalization coefficients

; 1
aft,(mn) — A

m,n

for the post-equalization operation. After post-equalization i.e. multiplies the

; _ 1
aft (m,n) ~ A

m,n

with y,, ,, retrieves the transmitted signal

A ym,n ym n
a = gi 2 = g{ = am,n + 77()

Hi,H 2

HLH
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[147]

[148]

[149]

[150]

m=0,..M-1ne Z

can be retrieved by real part extraction operation.

If the pre-equalization is configured as disabled (scheduling option F), the processing
is similar to those of scheduling option B in embodiment 1 and is not repeated herein.

Based on the above embodiments, the present disclosure provides a signal
transmission method based on filter band, including obtaining, by a transmitter, pre-
equalization information, wherein the pre-equalization configuration information
indicates whether pre-equalization is enabled, if the pre-equalization configuration in-
formation indicates that the pre-equalization is enabled, generating by the transmitter
pre-equalization coefficients according to a pre-equalization manner, and performing
pre-equalization operation to transmission signals according to the pre-equalization co-
efficients, and performing modulation based on filter bank.

In accordance with the above method, the present disclosure provides a transmitter
based on filter bank, including: a control signaling processing module, a pre-
equalization switch, an information source, a pre-equalization coefficients generating
module and a transmission synthesis filter bank, wherein the control signaling
processing module is to obtain pre-equalization configuration information, wherein the
pre-equalization configuration information indicates whether pre-equalization is
enabled, if the pre-equalization configuration information indicates that pre-
equalization is enabled, the control signaling processing module controls the pre-
equalization switch to connect with the pre-equalization coefficients generating
module, such that real number signals generated by the information source are pre-
equalized according to the pre-equalization coefficients generated by the pre-
equalization coefficients generating module before being modulated by the
transmission synthesis filter bank, if the pre-equalization configuration information
indicates that the pre-equalization is disabled, the control signaling processing module
controls the pre-equalization switch to connect with the transmission synthesis filter
bank, such that real number signals generated by the information source are directly
modulated by the transmission synthesis filter bank.

Based on the above embodiments, the present disclosure provides a signal receiving
method based on filter bank, including determining, by a receiver, whether post-
equalization is to be performed to demodulated signals based on filter bank according
to pre-equalization configuration information indicated to a transmitter; wherein the
pre-equalization configuration information indicates whether pre-equalization is
enabled, if the pre-equalization configuration information indicates that the pre-
equalization is enabled, and a pre-equalization manner is performing pre-equalization

to both amplitude and phase, the receiver does not performing post-equalization to the



38

WO 2016/114548 PCT/KR2016/000278

[151]

[152]

demodulated signals based on filter bank, if the pre-equalization configuration in-
formation indicates that the pre-equalization is enabled, and a pre-equalization manner
is performing pre-equalization to merely phase, performing by the receiver a post-
equalization to the demodulated signals based on filter bank according to a composited
equivalent channel frequency response of the pre-equalization coefficients and the
channel frequency response, if the pre-equalization configuration information indicates
that the pre-equalization is disabled, performing by the receiver, amplitude and phase
post-equalization to the demodulated signals based on filter bank according to an
estimated channel frequency response.

In accordance with the above method, the present disclosure provides a receiver
based on filter bank, comprising a receiving analysis filter bank, a post-equalization
switch, a post-equalization coefficients generating module, and a real part obtaining
module, wherein the post-equalization switch is to determine whether post-equalization
is to be performed to demodulated signals of the receiving analysis filter bank
according to pre-equalization configuration information indicated to a transmitter,
wherein the pre-equalization configuration information indicates whether pre-
equalization is enabled, if the pre-equalization configuration information indicates that
pre-equalization is enabled, and a pre-equalization manner is to perform pre-
equalization to both amplitude and phase, the post-equalization switch connects to the
receiving analysis filter bank and the real part obtaining module, if the pre-equalization
configuration information indicates that pre-equalization is enabled, and a pre-
equalization manner is performing pre-equalization to merely phase, the post-
equalization switch transmits the pre-equalization manner to the post-equalization co-
efficients generating module, and connects to the receiving analysis filter bank and the
post-equalization coefficients generating module, such that the post-equalization coef-
ficients generating module generates post-equalization coefficients, and performs
amplitude post-equalization to demodulated signals of the receiving analysis filter bank
according to a composited equivalent channel frequency response of the pre-
equalization coefficients and the channel frequency response before transmitting to the
real part obtaining module, if the pre-equalization configuration information indicates
that pre-equalization is disabled, the post-equalization switch connects to the receiving
analysis filter bank and the post-equalization coefficients generating module, the post-
equalization coefficients generating module generates post-equalization coefficients
and performs amplitude and phase post-equalization to demodulated signals of the
receiving analysis filter bank according to an estimated channel frequency response
before transmitting to the real part obtaining module.

Although the present disclosure has been described with an exemplary embodiment,

various changes and modifications may be suggested to one skilled in the art. It is
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intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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[Claim 5]

[Claim 6]
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Claims

A signal transmission method based on a filter bank, comprising:
obtaining, by a transmitter, pre-equalization information, wherein the
pre-equalization configuration information indicates whether pre-
equalization is enabled; and

if the pre-equalization configuration information indicates that the pre-
equalization is enabled, generating, by the transmitter, pre-equalization
coefficients according to a pre-equalization manner, performing pre-
equalization operation to transmission signals according to the pre-
equalization coefficients, and performing modulation based on the filter
bank.

The signal transmission method of claim 1, wherein the pre-
equalization configuration information is contained in scheduling
control signaling obtained by the transmitter.

The signal transmission method of claim 2, further comprising:
obtaining, by the transmitter from the scheduling control signaling, in-
formation of subframe type adopted when the pre-equalization is
enabled or disabled,

wherein the information of subframe type indicates number of symbols
transmitted in a subframe and transmission timing of a first symbol.
The signal transmission method of claim 1, wherein the pre-
equalization manner is pre-defined, or an indication of the pre-
equalization manner is contained in the pre-equalization configuration
information.

The signal transmission method of claim 4, wherein the pre-
equalization manner comprises:

performing pre-equalization to both amplitude and phase, or
performing pre-equalization to the phase.

The signal transmission method of claim 5, wherein if the pre-
equalization manner comprises performing pre-equalization to both
amplitude and phase, generating the pre-equalization coefficients
according to the pre-equalization manner comprises:

generating the pre-equalization coefficients according to channel status
information and the pre-equalization manner,

wherein a composite equivalent channel frequency response of the pre-
equalization coefficients and a channel frequency response is a real

number or has an imaginary part approaches to 0, and modulus of the
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[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]
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equivalent channel frequency response approximates to 1.

The signal transmission method of claim 5, wherein if the pre-
equalization manner comprises performing pre-equalization to the
phase, generating the pre-equalization coefficients according to the pre-
equalization manner comprises:

generating the pre-equalization coefficients according to channel status
information and the pre-equalization manner,

wherein a composite equivalent channel frequency response of the pre-
equalization coefficients and a channel frequency response is a real
number or has an imaginary part approaches to 0, and modulus of the
equivalent channel frequency response approximates to modulus of the
channel frequency response.

The signal transmission method of claim 6, wherein the channel status
information is obtained from channel reciprocity.

The signal transmission method of claim 5, wherein if the pre-
equalization manner comprises performing pre-equalization to the
phase, the generating the pre-equalization coefficients according to the
pre-equalization manner comprises:

obtaining a phase indicator according to a feedback from a receiver;
and

generating the pre-equalization coefficients according to the obtained
phase indicator.

The signal transmission method of claim 9, wherein the transmitter
obtains a quantified phase information of channel frequency response
according to the phase indicator, generates frequency phase response
coefficients on an allocated bandwidth according to the phase in-
formation, and takes the frequency phase response coefficients as
frequency-domain pre-equalization coefficients.

The signal transmission method of claim 10, further comprising:
dividing the frequency domain into one or more sub-bands, wherein the
phase indicator is based on a sub-band, the number of the one or more
sub-bands is larger than or equal to 1,

wherein the transmitter generates the frequency-domain pre-
equalization coefficients on the allocated bandwidth according to a cor-
responding relationship between the phase indication and the one or
more sub-bands.

The signal transmission method of claim 9, wherein the transmitter

obtains a quantified phase information of channel impulse response



WO 2016/114548

[Claim 13]

[Claim 14]

[Claim 15]
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according to the phase indicator, converts the phase information into
corresponding frequency phase response coefficients, and takes the
frequency phase response coefficients as frequency-domain pre-
equalization coefficients.

The signal transmission method of claim 12, wherein the quantified
phase information of channel impulse response is phase information of
a highest energy path in a multipath channel, or is phase information of
an average of phases of X highest energy paths in the multipath
channel, wherein X is larger than 1.

The signal transmission method of claim 9, wherein the feedback is
obtained from phase indication bit field added in an uplink scheduling
grant or from a dedicated feedback channel.

A signal receiving method based on a filter bank, comprising:
determining, by a receiver, whether post-equalization is to be
performed to demodulated signals based on the filter bank according to
pre-equalization configuration information, wherein the pre-
equalization configuration information indicates whether pre-
equalization is enabled or disabled;

if the pre-equalization configuration information indicates that the pre-
equalization is enabled, performing, by the receiver, a post-equalization
to the demodulated signals based on the filter bank according to a
composite equivalent channel frequency response of pre-equalization
coefficients and a channel frequency response; and

if the pre-equalization configuration information indicates that the pre-
equalization is disabled, performing, by the receiver, amplitude and
phase post-equalization to the demodulated signals based on the filter

bank according to an estimated channel frequency response.
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