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Perform carrier modulation and time domain filtering to the
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(57) Abstract: The present disclosure relates to a communication method and system for signal pattern can be designed converging a
5th-Generation (5G) communication shown in FIG. 11 may be designed according to a maximum delay spread and a maximum Dop -
pler frequency shift supported by the transmitter. For further details, reference may be made to cell-specific reference signal (CRS)
or CSI-RS design in the LTE/LTE-A. A method of signal transmitting in a filtering-based carrier modulation system, includes de -
termining, by a transmitter, a reference signal pattern for each subband of an available frequency band of a system, and transmitting
reference signal pattern information to a receiver, inserting, by the transmitter, reference signals on corresponding time-frequency re -
sources according to the reference signal pattern of each subband, performing a carrier modulation and time domain filtering to data
signals and the reference signals, and transmitting a processed signal of each subband, wherein the reference signals are used for es-
timating a frequency domain response of an equivalent channel consisting of a time domain filter and a physical channel from the
transmitter to the receiver. The present disclosure also provides a receiving method, a transmitter and a receiver. According to the
present disclosure, the storage requirement and detecting complexity of the receiver may be decreased greatly.
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Description
Title of Invention: SIGNAL TRANSMITTING AND RECEIVING
METHODS IN A FILTERING-BASED CARRIER MODULATION

SYSTEM AND APPARATUSES THEREOF
Technical Field

[1] The present disclosure relates to radio communication techniques, and more par-
ticularly, to signal transmitting and receiving methods in a filtering-based carrier

modulation system and apparatuses thereof.

Background Art

[2] To meet the demand for wireless data traffic having increased since deployment of
4G communication systems, efforts have been made to develop an improved 5G 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 improvement is under way based on advanced small cells, cloud Radio
Access Networks (RANs), ultra-dense networks, device-to-device (D2D) commu-
nication, wireless backhaul, moving network, cooperative communication, Co-
ordinated Multi-Points (CoMP), reception-end interference cancellation and the like. In
the 5G system, Hybrid FSK and QAM Modulation (FQAM) and sliding window su-
perposition coding (SWSC) as an advanced coding modulation (ACM), and filter bank
multi carrier (FBMC), non-orthogonal multiple access(tNOMA), and sparse code
multiple access (SCMA) as an advanced access technology have been developed.

[3] The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of Everything (IoE), which is a combination of the
IoT technology and the Big Data processing technology through connection with a
cloud server, has emerged. As technology elements, such as “sensing technology”,
“wired/wireless communication and network infrastructure”, “service interface
technology”, and “Security technology” have been demanded for IoT implementation,

a sensor network, a Machine-to-Machine (M2M) communication, Machine Type Com-



[4]

[5]
[6]

[7]
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munication (MTC), and so forth have been recently researched. Such an IoT en-
vironment may provide intelligent Internet technology services that create a new value
to human life by collecting and analyzing data generated among connected things. IoT
may be applied to a variety of fields including smart home, smart building, smart city,
smart car or connected cars, smart grid, health care, smart appliances and advanced
medical services through convergence and combination between existing Information
Technology (IT) and various industrial applications.

In line with this, various attempts have been made to apply SG communication
systems to IoT networks. For example, technologies such as a sensor network,
Machine Type Communication (MTC), and Machine-to-Machine (M2M) commu-
nication may be implemented by beamforming, MIMO, and array antennas. Ap-
plication of a cloud Radio Access Network (RAN) as the above-described Big Data
processing technology may also be considered to be as an example of convergence

between the 5G technology and the IoT technology.

With the rapid development of information industry, especially increasing re-
quirements from mobile Internet and Internet of things (IoT), mobile communication
techniques are facing unprecedented challenges. According to a report of ITU, ITU-R
M.[IMT.BEYOND 2020.TRAFFIC], the mobile traffic volume in 2020 is estimated to
be almost 1000 times of that in 2010 (which is in the 4G era), and the number of
connected user terminals may exceed 17 billion. The number of connected devices will
see more drastic growth when a mass of IoT devices are gradually connected to the
mobile communication network. In view of the challenge, the fifth generation mobile
communication technology (5G) for the 2020 era is being widely studied by the com-
munication industry and the academia. The ITU report ITU-R M.[IMT.VISION]
discusses the framework and overall target of 5G, detailing the prospect of demands
for 5@, application scenarios, and key parameters. The ITU report ITU-R
M.[IMT.FUTURE TECHNOLOGY TRENDS] provides information regarding future
trends of the 5G technology, aiming at remarkably increasing system throughput,
providing uniform user experiences, improving extensibility to support 0T, reducing
time delay, increasing power efficiency, reducing costs, increasing network flexibility,
supporting emerging services, improving flexibility in utilizing the spectrum resources
and the like.

Waveforms and multiple access techniques are important basis for air-Interface
design, and 5G is no exception. At present, orthogonal frequency division multiplexing
(OFDM), acting as a typical multi-carrier modulation (MCM) technique, has been
widely used in audio/video broadcasting systems and civil communication systems,

e.g., long term evolution (LTE) systems corresponding to evolved universal terrestrial
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radio access (EUTRA) defined by 3rd generation partnership project (3GPP), digital
video broadcasting (DVB) and digital audio broadcasting (DAB) in Europe, very-
high-bit-rate digital subscriber loop (VDSL), IEEE802.11a/g wireless local area
(WLAN), IEEE802.22 wireless regional area network (WRAN), IEEE802.16 world in-
teroperability for microwave access (WiMAX), and so on. OFDM divides a broad
band channel into multiple parallel narrow band subchannels/subcarriers to convert
transmission of a high rate data flows in a frequency selective channel into
transmission of multiple lower rate data flows in multiple parallel flat subchannels.
OFDM can greatly improve the anti-multipath interference capabilities of the system.
Furthermore, modulation and de-modulation of OFDM can be simplified using inverse
fast Fourier transform/fast Fourier transform (IFFT/FFT). In addition, the use of cyclic
prefix (CP) converts the linear convolution of a channel into circular convolution.
According to characteristics of circular convolution, when the CP length is larger than
the maximum multipath time delay in the channel, inter-symbol interference (ISI) can
be eliminated simply by using single tap frequency domain channel equalization. The
processing complexity of receivers is remarkably reduced. CP-OFDM can generate
waveforms satisfying the demands of 4G mobile broadband (MBB) services, but may
have insufficiencies in more challenging 5G scenarios, which mainly include (1), the
CP for anti-ISI may significantly decrease the spectrum efficiency in 5G low time
delay scenarios. Because low time delay transmission may greatly reduce the length of
OFDM symbols while the CP length is determined only by the channel impulse
response, the ratio of CP length to OFDM symbol length may become very large. The
overhead will result in remarkable loss in spectrum efficiency, and it is unacceptable.
(2), strict requirement on time synchronization may cause large signaling overhead
which is necessary to maintain close-loop synchronization in 5G IoT scenarios.
Further, the strict time synchronization scheme may make frame structures less flexible
and cannot satisfy different synchronization demands of different types of services. (3)
OFDM uses rectangular pulse, leading to slow sidelobe roll-off, which causes large
amount of out-of-band emission. Therefore the OFDM is very sensitive to carrier
frequency offset. However, 5G requires much of flexible accessing and sharing of
fragmented frequency spectrum, but the large amount of out-of-band emission limits
the flexibility of spectrum access. In other words, large amount of frequency domain
guard band is required, which reduces the utilization of spectrum. The above insuffi-
ciencies are mainly resulted from intrinsic properties of the OFDM. Although proper
methods can be adopted to mitigate the impact of the insufficiencies, these methods
will increase the system design complexity, and the problems cannot be solved funda-
mentally.

Therefore, according to an ITU report ITU-R M. [IMT.FUTURE TECHNOLOGY
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[11]

TRENDS], a few new waveform techniques (based on MCM) are proposed for 5G.
Among them, filtering-based OFDM becomes the focused research object. The F-
OFDM introduces time domain filtering based on OFDM. By the design of time
domain filter, the F-OFDM can reduce the out-of-band emission caused by time
domain rectangular window significantly, and keep the specific advantages of OFDM,
which includes the orthogonality of subcarrier in complex field, competing the
frequency selective fading by adding CP. Effective constraint of out-of-band emission
can support fragmented frequency spectrum well. Compared with other new waveform
technology, such as filter-bank multi-carrier (FBMC), the F-OFDM keeps the or-
thogonality of subcarriers in the complex field, and supports the fading channel and
multi-antenna system better. The F-OFDM supports subband filtering, i.e., it divides
the available frequency band into non-overlapping subbands, and different multi-
carrier modulation parameters, including subcarrier spacing, CP length and so on, can
be used for different subbands. In order to prevent the inter-subband interferences, a
guard band between subbands may be implemented by inserting subcarriers or not
inserting subcarriers, different subbands may be allocated to different services or
different users. The subband-based filtering improves the spectrum utilization and the

flexibility of spectrum utilization.
The F-OFDM is regarded as one of candidate waveform techniques for 5G for these

advantages, but it also has some problems. Specifically, in the F-OFDM, both the
transmitter and the receiver need to know information about the filter, so as to
compensate for the channel distortion caused by filter. However, the design of time
domain filter relates to the subband bandwidth, it is necessary to design different time
domain filters for different subband bandwidths, which increases the resources
required for storage of the time domain filter and the complexity of channel estimation
algorithm, and is unfavorable for the application in low complexity devices in loT or

machine type communication (MTC) scenarios.
Disclosure of Invention

Technical Problem

In view of the above, in order to make the F-OFDM technique more competitive in
5G candidate techniques, besides exploiting its advantages, the disadvantages need to
be solved. With respect to many scenarios especially the narrow-band transmission
mode under 10T, it is necessary to solve the problems including high storage re-

quirement and high channel estimation complexity caused by the time domain filter in
the F-OFDM.

Solution to Problem

To address the above-discussed deficiencies, it is a primary object provides signal
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[17]

[18]

transmitting and receiving methods for a filtering-based carrier modulation system and
corresponding apparatuses, so as to reduce storage requirement and detecting
complexity of the receiver.

A signal transmitting method for a filtering-based carrier modulation system,
including:

transmitter determining a reference signal pattern for each subband of an available
frequency band of a system, and transmitting reference signal pattern information to a
receiver;

the transmitter inserting reference signals on corresponding time-frequency resources
according to the reference signal pattern of each subband, performing a carrier
modulation and time domain filtering to data signals and the reference signals, and
transmitting a processed signal of each subband, wherein the reference signals are used
for estimating a frequency domain response of an equivalent channel consisting of a
time domain filter and a physical channel from the transmitter to the receiver.

In some embodiments, in a frequency domain of the reference signal pattern de-
termined by the transmitter, edge reference signals are inserted discontinuously or con-
tinuously on M consecutive subcarriers at the edge of the subband; center reference
signals are inserted discontinuously or continuously on subcarriers of the subband
except for the M consecutive subcarriers, wherein the M is a natural number de-
termined by a property of a time domain filter of the subband; the number of sub-
carriers between two adjacent edge reference signals is smaller than a carrier threshold.

In some embodiments, for two adjacent subbands, the edge reference signals are not
inserted by a same carrier modulated symbol, and/or,

in a time domain of the reference signal pattern, the edge reference signals are carried
by discontinuous carrier modulated symbols, and the center reference signals are
carried by discontinuous carrier modulated symbols; when the carrier modulation and
time domain filtering is performed to the reference signals, the same carrier
modulation and time domain filtering as the data signals are performed to the edge
reference signals and the center reference signals.

In some embodiments, for adjacent subband 1 and subband 2, the edge reference
signals of the subband 1 and the subband 2 are carried by adjacent carrier modulated
symbols; for the subband 1, subcarriers adjacent to a guard band carried by a carrier
modulated symbol on which the subband 2 transmits the edge reference signals are
regarded as guard subcarriers; for the subband 2, subcarriers adjacent to a guard band
carried by a carrier modulated symbol on which the subband 1 transmits the edge
reference signals are regarded as guard subcarriers, wherein the number of the guard
subcarriers is pre-defined according to a property of the time domain filter and/or a

subband bandwidth, and/or the number of the guard subcarriers is the same as the
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[24]

[25]

number of subcarriers occupied by the edge reference signals.

In some embodiments, if the transmitter is equipped with multiple transmission
antennas, the edge reference signals of different data layers are transmitted via or-
thogonal resources, and the center reference signals of different data layers are
transmitted via orthogonal resources, wherein the orthogonal resources includes or-
thogonal time resources, orthogonal frequency resources and/or orthogonal code
sequences; the transmitting the reference signal pattern information includes:
transmitting reference signal pattern information corresponding to each data layer, and
indicating a relationship between the reference signal pattern information and the data
layers; or,

if the transmitter is equipped with multiple transmission antennas, transmitting first
edge reference signals and the center reference signals of each data layer periodically;
the first edge reference signals of different data layers are transmitted via orthogonal
resources, and the center reference signals of different data layers are transmitted via
orthogonal resources, among the data layers periodically transmitting first edge
reference signals, selecting one data layer to transmit second edge reference signals;
the orthogonal resources include orthogonal time resources, orthogonal frequency
resources and/or orthogonal code sequences; the transmitting the reference signal
pattern information includes: transmitting pattern information of the first edge
reference signals and the center reference signals corresponding to each data layer, and
indicating a relationship between the pattern information and the data layers.

In some embodiments, in the reference signal pattern, the center reference signals are
carried by a first carrier modulated symbol carrying the edge reference signals,
wherein

the reference signals in the first carrier modulated symbol are used for estimating the
frequency domain response of the equivalent channel;

in a second carrier modulated symbol carrying the center reference signals but not the
edge reference signals, a plurality of consecutive subcarriers at the edge of the subband
are not used for data transmission, and the center reference signals in the second carrier
modulated symbol are used for estimating the frequency domain response of the
physical channel between the transmitter and the receiver;

in carrier modulated symbols except for the first carrier modulated symbol and the
second carrier modulated symbol, demodulation reference signals are carried by non-
consecutive subcarriers within the entire subband bandwidth, to estimate the frequency
domain response of the equivalent channel of the carrier modulated symbols;

when performing the carrier modulation and time domain filtering to the reference
signals, for the second carrier modulated symbol, the carrier modulation is performed

and the time domain filtering is not performed; for the other carrier modulated
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[26]

[27]
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[29]

[30]
[31]

[32]

[33]

[34]

symbols, performing the carrier modulation and time domain filtering;

the number of subcarriers on which no data is transmitted is determined according to
the subband bandwidth.

In some embodiments, if the transmitter is equipped with multiple transmission
antennas, the first carrier modulated symbol and the second carrier modulated symbol
are transmitted on one data layer; on other data layers, no data is transmitted on the
same time-frequency resources used for the first carrier modulated symbol and the
second carrier modulated symbol; the demodulation reference signals of different data
layers are transmitted via orthogonal resources; the orthogonal resources include or-
thogonal time resources, orthogonal frequency resources and/or orthogonal code
sequences;

the transmitting the reference signal pattern information includes: transmitting
pattern information of the first carrier modulated symbol and the second carrier
modulated symbol, pattern information of the demodulation reference signals corre-
sponding to each data layer, and a relationship between the pattern information of the
demodulation reference signals and the data layers.

In some embodiments, the transmitter inserts the first carrier modulated symbol and
the second carrier modulated symbol periodically according to the reference signal
pattern, and transmits an insertion periodicity of the first carrier modulated symbol and
second carrier modulated symbol to the receiver while transmitting the reference signal
pattern information;

wherein the insertion periodicity is larger than a predefined threshold.

In some embodiments, the method further includes: in response to receiving an
aperiodic reference signal transmission request from the receiver, or in response to de-
termining that a current channel quality is lower than a predefined threshold, the
transmitter transmitting aperiodic reference signals to the receiver;

wherein after receiving the aperiodic reference signal transmission request, the
transmitter transmits the aperiodic reference signals after a preset time interval; and/or,
before transmitting the aperiodic reference signals, the transmitter transmits an in-
dication signal indicating the transmission of aperiodic reference signals.

In some embodiments, the transmitting the reference signal pattern information to the
receiver includes:

if a unique reference signal pattern is configured to the corresponding subband
bandwidth, transmitting the subband bandwidth as the reference signal pattern in-
formation to the receiver; if two or more reference signal patterns are configured to the
corresponding subband bandwidth, transmitting the subband bandwidth and index in-
formation of the reference signal pattern to the receiver, or, transmitting index in-

formation of the reference signal pattern to the receiver as the reference signal pattern



WO 2017/164639 PCT/KR2017/003056

[35]

[36]

[37]
[38]
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[40]

[41]

[42]

[43]

[44]

[45]

information; and/or,

transmitting positions of time-frequency resources of the reference signals in the
reference signal pattern to the receiver as the reference signal pattern information; and/
or,

if the edge reference signals of two adjacent subbands are not carried by the same
carrier modulated symbol, transmitting the subband bandwidth and a center frequency
point of the subband to the receiver as the reference signal pattern information.

A signal receiving method for a filtering-based carrier modulation system, including:

for each subband of an available frequency band of a system, a receiver receiving
reference signal pattern information from a transmitter, and determining a reference
signal pattern;

the receiver performing a carrier demodulation to a time domain receiving signal of
each subband, extracting data signals and reference signals according to the reference
signal pattern of each subband, and estimating a frequency domain response of an
equivalent channel consisting of a time domain filter and a physical channel from the
transmitter to the receiver according to the reference signals;

the receiver detecting the data signals of each subband according to the frequency
domain response of the equivalent channel of the subband.

In some embodiments, the receiver determining the reference signal pattern of each
subband includes:

if a unique reference signal pattern is configured to a corresponding subband
bandwidth, the reference signal pattern information is the subband bandwidth, the
receiver determining the reference signal pattern according to the subband bandwidth;
if two or more reference signal patterns are configured to the corresponding subband
bandwidth, the reference signal pattern information includes the subband bandwidth
and index information of the reference signal pattern, and the receiver determining the
reference signal pattern among the two or more reference signal patterns corresponding
to the subband bandwidth according to the index information of the reference signal
pattern; and/or,

the reference signal pattern information includes the subband bandwidth and a center
frequency point of the subband; the receiver determining the number of subcarriers
occupied by edge reference signals according to the subband bandwidth, and de-
termining positions of the edge reference signals according to the subband center
frequency point.

A transmitter in filtering-based carrier modulation system, including: a reference
signal pattern transmission unit, a reference signal insertion unit and a signal
processing and transmission unit; wherein

the reference signal pattern transmission unit is configured to determine a reference
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signal pattern for each subband of an available frequency band of a system, and
transmitting reference signal pattern information to a receiver;

the reference signal insertion unit is configured to insert reference signals on corre-
sponding time-frequency resources according to the reference signal pattern of each
subband, wherein

the reference signals are used for estimating a frequency domain response of an
equivalent channel consisting of a time domain filter and a physical channel from the
transmitter to the receiver;

the signal processing and transmission unit is configured to perform a carrier
modulation and time domain filtering to data signals and the reference signals, and
combining and transmitting a processed signal of each subband.

A receiver in filtering-based carrier modulation system, including: a reference signal
pattern determination unit, a frequency domain receiving signal extraction unit, an
equivalent channel estimation unit and a signal detecting unit; wherein

the reference signal pattern determination unit is configured to receive from a
transmitter reference signal pattern information corresponding to each subband of an
available frequency band in a system, and determine a reference signal pattern;

the frequency domain receiving signal extraction unit is configured to perform a
carrier demodulation to a time domain receiving signal of each subband, and extract
data signals and reference signals according to the reference signal pattern of each
subband;

the equivalent channel estimation unit is configured to estimate a frequency domain
response of an equivalent channel consisting of a time domain filter and a physical
channel from the transmitter to the receiver according to the reference signals; and

the signal detecting unit is configured to detect the data signals of each subband
according to the frequency domain response of the equivalent channel of the subband.

It can be seen that in this disclosure, the transmitter determines the reference signal
pattern of each subband, and transmits the corresponding information to the receiver.
The transmitter inserts the reference signals on the corresponding time-frequency
resources according to the pre-defined reference signal pattern, performs carrier
modulation and time domain filtering to data signal and the reference signals, and
transmits the processed result of each subband. Accordingly, the receiver receives the
reference signal pattern information of each subband, determines the corresponding
reference signal pattern, performs carrier demodulation to the time domain receiving
signal of each subband, extracts the data signals and reference signals according to the
reference signal pattern of each subband, and estimates the frequency domain response
of the equivalent channel consisting of the time domain filter and physical channel

from the transmitter to the receiver, and detects the data signals on the corresponding
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subband according to the equivalent channel frequency domain response.
Advantageous Effects of Invention

[55] The method provided by the present disclosure estimates the property of the
equivalent channel consisting of time domain filter based on the reference signals. As
such, it is possible to realize effective signal detection without the storing the property
of the time domain filter of each subband, which greatly reduces the storage re-
quirement and detection complexity of the receiver.
Brief Description of Drawings

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

[57] FIG. 1 is a schematic diagram illustrating a transmitter of a filtering-based orthogonal
frequency division multiplexing system.

[58] FIG. 2 is a schematic diagram illustrating a receiver of a filtering-based orthogonal
frequency division multiplexing system.

[59] FIG. 3 is a schematic diagram illustrating a time domain impulse response and a

frequency domain response of a window function utilized by the filtering-based

OFDM.

[60] FIG. 4 is a schematic diagram illustrating impulse responses of time domain filters
for different subband bandwidths.

[61] FIG. 5 is a flowchart illustrating a signal transmitting method in a filtering-based

carrier modulation system according to some embodiments of the present disclosure.

[62] FIG. 6 is a flowchart illustrating a signal receiving method in the filtering-based
carrier modulation system according to some embodiments of the present disclosure.

[63] FIG. 7 is a schematic diagram illustrating configuration parameters of reference
signals according to some embodiments of the present disclosure.

[64] FIG. 8 is a schematic diagram illustrating a transmitter of subband 1 according to
some embodiments of the present disclosure.

[65] FIG. 9 is a schematic diagram illustrating a receiver of subband 1 according to some
embodiments of the present disclosure.

[66] FIG. 10 is a schematic diagram illustrating reference signal resource allocation
according to some embodiments of the present disclosure.

[67] FIG. 11 is a schematic diagram illustrating a structure of a radio frame according to
some embodiments of the present disclosure.

[68] FIG. 12 is a schematic diagram illustrating a reference signal pattern according to
some embodiments of the present disclosure.

[69] FIG. 13 is a schematic diagram illustrating a receiver according to embodiment 2 of
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[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

the present disclosure.
FIG. 14 is a schematic diagram illustrating a transmission manner of aperiodic filter

reference signals according to some embodiments of the present disclosure.

FIG. 15 is a schematic diagram illustrating time-frequency resources for transmitting
the aperiodic reference signals according to some embodiments of the present
disclosure.

FIG. 16 is a schematic diagram illustrating a frame structure of the PSS and the SSS
according to some embodiments of the present disclosure.

FIG. 17 is a schematic diagram illustrating a possible multi-layer edge reference
signal pattern according to some embodiments of the present disclosure.

FIG. 18 is a schematic diagram illustrating a transmission manner of the multi-layer
filter symbols according to some embodiments of the present disclosure.

FIG. 19 is a schematic diagram illustrating a first edge reference signal pattern
according to embodiment 6 of the present disclosure.

FIG. 20 is a schematic diagram illustrating a second edge reference signal pattern
according to embodiment 6 of the present disclosure.

FIG. 21 is a schematic diagram illustrating a structure of a transmitter according to
some embodiments of the present disclosure.

FIG. 22 is a schematic diagram illustrating a structure of a receiver according to
some embodiments 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.
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FIGURES 1 through 22, discussed below, and the various embodiments used to
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 devices.

FIG. 1 is a schematic diagram showing a conventional transmitter for filtering-based
orthogonal frequency division multiplexing. The available band is divided into L
subbands according to service requirements or types of served users. Each subband
may use different multi-carrier modulation parameters, such as different subcarrier
spacings, different cyclic prefix (CP) lengths, etc. For each subband, the input signal is
a complex signal after channel coding and symbol modulation, wherein the symbol
modulation includes quadrature amplitude modulation (QAM), or phase shift keying
(PSK), etc. After a serial-to-parallel conversion, a subcarrier mapping is performed to
the complex input signal of each subband according to the location of subcarriers of
the subband. Data is mapped on the allocated subcarriers, and the other subcarriers are
filled with zero. Then a time domain signal can be obtained after an N-point inverse
fast Fourier transform (IFFT) operation. After the IFFT, a parallel-to-serial conversion
is performed to the signal and cyclic prefix (CP) is added to complete a conventional
OFDM modulation procedure. In order to reduce inter-subband interferences, each
subband is filtered in the time-domain after the OFDM modulation, so as to reduce
out-of-band emission. As such, the interferences caused by the difference between
carrier modulation parameters of different subbands can be reduced significantly at the
expense of relative small guard band.

Several transmitters may exist in the system, and each transmitter may occupy
several subbands. To simplify the description, without loss of generality, suppose that
each transmitter occupies one subband, and the transmitter is identified by a subband

index. The transmitted signal of subband 1 is expressed by a following formula:

s;(n) = ZiZg sie(n — t (N + Nep))w’
where ¢ denotes an index of a time domain symbol, N denotes FFT size, s ( n)
Lelty

denotes the t-th time domain signal on subband 1 after the OFDM modulation and is

expressed by a following formula:

+ - 5 a”‘ ;
st(n) zmz Mx 1d e)Z:rmn,N’ _NCP <n < N;

where N¢p denotes the CP length, d, ,,denotes a data symbol transmitted on the m-th
carrier of the t-th subband, the subband 1 occupies subcarriers m; to m; + M, - 1. After

the filtering in the time domain, the obtained signal may be expressed as follows:
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5(n) = fi(n) = 5,(n):

where fi(n) denotes a time domain filter for subband 1 the * denotes a linear con-
volution operation.

FIG. 2 is a schematic diagram showing a receiver in conventional F-OFDM system.
The receiver performs a subband level matched filtering to the receiving signal firstly,
then performs an OFDM demodulation as shown in FIG. 2 to the signal of each
subband (including removing CP, serial-to-parallel conversion, discrete Fourier
transform and parallel-to-serial conversion), and obtains an estimation of the
transmission signal of each subband. Suppose a time domain impulse response of the
filter of the 1-th subband is f(n), the time domain impulse response of the corre-

sponding matched filter is £ (=n)- where symbol * denotes an operation of obtaining

a conjugate.
After the subband matched filtering, the time domain receiving signal of subband 1 is

expressed as follows:

r(m) = ff(—n) = h(n) *5;(n) = f(—n) = hy(n) = fi(n) = s;(n) .~

In the above formula, it is assumed that signals of other subbands can be separated by
subband filtering and the following frequency domain processing. In the above
formula, a frequency domain response of an equivalent channel

£ (—n) * h, (n) = fi(n) including the subband filtering and the subband matched

filtering needs to be estimated, so as to proceed with the following data demodulation,
where hj(n) denotes the channel impulse response, the symbol * denotes the linear con-
volution, and the superscript * denotes the complex conjugation operation.

The time domain filter can be designed by a sinc filter soft-truncated with a window
function. For example, if a sinc function is soft-truncated with a Hann window, the
time domain impulse response and corresponding frequency domain response of the
filter are as shown in FIG. 3.

It can be seen from the right figure of FIG. 3 that, the window function used in F-
OFDM has a flat passband, a low amplitude stopband, and a short transition band
between the passband and the stopband, which makes the out-of-band emission much
smaller than that of OFDM system. Therefore, the subband level filtering is feasible,
and different multicarrier parameters including subcarrier spacings or CP lengths can
be used for different subbands. The left figure of FIG. 3 shows the time domain
impulse response of the used window function, which is expressed by h(n), where n
denotes the number of sampling points. It can be seen that in order to reduce the inter-

subband interference caused by the out-of-band emission, a time domain filter with a
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long tail needs to be adopted for the F-OFDM. The length of filter provided by the
prior art is longer than the CP length, even reach a half of the length of OFDM symbol.
In addition, in order to control the out-of-band emission better, different time domain
filters need to be adopted for subbands with different bandwidths.

FIG. 4 is a schematic diagram illustrating impulse responses respectively for time
domain filters of bandwidths 540kHz and 5MHz according to some embodiments of
the present disclosure. It can be seen that for subbands with different bandwidths, the
time domain filters are quite different. Because the F-OFDM system does not reserve
null-subcarriers to reduce the impact caused by the jitter of frequency domain response
of the filter at the edge of subband, the receiver needs to know the parameters of time
domain filter in order to compensate the frequency domain response distortion at the
edge of the subband caused by the filtering. In order to support different subband
bandwidths, both the transmitter and receiver need to acquire the impulse response
functions of the filter under various subband bandwidths, which is unfavorable for the
development of low complexity receiver. The above shows the problem caused by the
introduction of time domain filtering in the F-OFDM system. In fact, the same problem
also exists in other filtering-based carrier modulation systems, such as single carrier
frequency division multiple access (SC-FDMA), universal-filtered multi-carrier
(UFMC), and the like.

In order to solve this problem, embodiments of the present disclosure provide a
signal transmitting and receiving method in a filtering-based carrier modulation
system. FIG. 5 is a flowchart showing a basic transmission method including the
following.

In step 501, a transmitter determines a reference signal pattern for each subband of an
available frequency band in the system, and transmits reference signal pattern in-
formation to a receiver.

In step 502, the transmitter inserts reference signals on corresponding time-frequency
resources according to the reference signal pattern of each subband.

The reference signals are used for estimating a frequency domain response of an
equivalent channel consisting of a time domain filter and a physical channel from the
transmitter to the receiver.

In step 503, carrier modulation and time domain filtering are performed for data
signals and reference signals, and a processed signal of each subband is transmitted.

The resulted signal of the subband is transmitted according to a conventional method,
i.e., the resulted signal is transmitted to the receiver directly if the available bandwidth
includes one subband, and if the available bandwidth includes a plurality of subbands,
the resulted signals of various subbands are combined before being transmitted.

In accordance with the above transmitting method, a basic procedure of a receiving
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method is shown in FIG. 6 includes the followings.

In step 601: for each subband of the available frequency band in a carrier modulation
system, a receiver receives information of a reference signal pattern from a transmitter,
and determines the corresponding reference signal pattern.

In step 602: the receiver performs a carrier demodulation to the time domain
receiving signal of each subband, and extracts data signals and reference signals
according to the reference signal pattern of each subband.

In step 603, the receiver estimates a frequency domain response of an equivalent
channel consisting of a time domain filter and a physical channel from the transmitter
to the receiver according to the reference signals.

In step 604, the receiver performs data signal detection on each subband in ac-
cordance with the frequency domain response of the equivalent channel of the
subband.

In the above transmitting and receiving methods, in order to facilitate the receiver to
estimate the equivalent channel consisting of the time domain filter and the physical
channel, in some embodiments, the reference signals are divided into two kinds, one is
edge reference signal and the other is center reference signal. The edge reference signal
is used for estimating the frequency domain response of the equivalent channel on sub-
carriers in the transition band where the frequency domain response of the time domain
filter varies significantly (referred to as a roll-off region hereinafter). The edge
reference signal can be distributed on non-consecutive or consecutive subcarriers in the
roll-off region. The frequency domain responses on different frequencies in the roll-off
region may vary a lot. Therefore, in order to guarantee the accuracy of channel es-
timation in the roll-off region, the number of subcarriers between any two adjacent
edge reference signals in the roll-off region is smaller than a predefined carrier

threshold. In some embodiments, the edge reference signal occupies p; consecutive
e

subcarriers. The other kind is the center reference signal, for estimating the frequency
domain response of the equivalent channel of the passband where frequency domain
response of the time domain filter varies slowly. The center reference signal is
transmitted on non-consecutive or consecutive subcarriers. In order to reduce the
overhead of reference signal, in some embodiments, the center reference signal is

inserted every N. subcarriers. FIG. 7 is the schematic diagram illustrating Ay and N.
8

according to some embodiments of the present disclosure.

In FIG. 7, both N and N, are 3, which denotes that three consecutive subcarriers at
8

the edge of the subband are used for the transmission of the edge reference signal, and

the center reference signal is inserted every three subcarriers in the remaining



16

WO 2017/164639 PCT/KR2017/003056

[109]

[110]

[111]

[112]
[113]

frequency band of the subband. It should be noted that, FIG. 7 shows an exemplary
reference signal insertion manner for a carrier modulated symbol, on which the edge
reference signal and center reference signal are inserted in the same carrier modulated
symbol. In order to enhance the spectrum utilization, in some embodiments, the
reference signal can be transmitted on only preset multi-carrier modulated symbols, as
shown in FIG. 7. In other multi-carrier modulated symbols, no reference signal or only
the discontinuous center reference signals are transmitted. Certainly, the edge reference
signal and center reference signal can be inserted in different carrier modulated
symbols. The insertions of these two signals are independent to each other.

As to configuration parameters for the reference signals, the number of subcarriers

N _occupied by the edge reference signal is determined by the property of the time
e

domain filter of the subband. The property of the time domain filter includes the roll-
off rate at the edge of subband of the frequency domain response of the time domain

filter. The p;  is determined by the transmitter according to the roll-off rate. N. can be
8

pre-set by the transmitter, or set according to a varying rate of the channel. In some
embodiments, the faster the channel varies, the smaller the N. is; the more slowly the
channel varies, the bigger the N. is.

According to the method provided by the embodiments of the present disclosure, the
receiver does not need to acquire the information of the time domain filter used by the
transmitter, and does not need to perform the matched filtering when processing the
receiving signal, which dramatically decreases storage requirement and detection
complexity. Furthermore, through the edge reference signal born by the consecutive
subcarriers at the edge of the subband, the frequency domain response of the
equivalent channel in the roll-off region can be estimated accurately, and the signal
detection performance may be improved.

As described above, the performance of signal detection depends on the performance
of the equivalent channel estimation. Therefore, a well-designed reference signal
pattern is necessary for accurately estimating the frequency domain equivalent channel
coefficients at each frequency point in the subband. embodiments of the present
disclosure are given to show several reference signal patterns and the corresponding
signal transmission and receiving processes based on such patterns.

Embodiment 1

In this embodiment, signal transmitting and receiving methods in a filtering-based
carrier modulation system are described with reference to a specific system con-
figuration. F-OFDM system is taken as an example herein. There may be one or more
transmitters in the system, and each transmitter transmits on one or more subbands.

Without loss of generality, suppose that each transmitter occupies one subband, and is



17

WO 2017/164639 PCT/KR2017/003056

[114]

[115]

[116]

[117]

[118]

[119]

identified by a subband index. It should be noted that the description and analysis of
this embodiment are also applicable for a situation that each transmitter occupies
several subbands. Suppose that the frequency band of system is divided into L
subbands. The transmitter of subband I is shown as FIG. 8.

In FIG. 8, the resource allocation for the reference signals is determined according to
the property of time domain filter of the subband, and the reference signals are inserted
on the corresponding subcarriers during the resource allocation and subcarrier mapping
of the data. Therefore, the reference signals pass through the same time domain filter
and physical channel with the data, thus can be used for estimating equivalent channel
state information.

After the data is received, parameters such as CP length and subcarrier spacing are
determined according to the carrier modulation parameters of subband 1, the CP is
removed based on the parameters, and the carrier demodulation is performed.
According to resource allocation of the reference signals and the resource allocation of
the data of subband I, the frequency domain receiving signals of the data and the
reference signals are extracted. According to the known reference signals, the receiver
estimates the equivalent channel state information of the subband,

and applies it to single tap equalization of each subcarrier. After the equalization
operation, the transmission data detection is performed, and an estimation of the data
of subband 1 may be obtained.

Assume the time domain signal of the transmission data of subband 1 after multi-
carrier modulation is s(n), wherein n is the number of sampling point. The signal after

the time domain filtering of subband 1 may be expressed by fi(n) = s, (n) wherein

1(n) denotes an impulse response function of the time domain filter of subband 1. After
passing the physical channel between the transmitter and the receiver, the receiving

signal of subband 1 may be expressed as:
r(n) = hy(n) * /() = 5;(n) + N(n); °

wherein hy(n) denotes an impulse response of the time domain channel between the
transmitter and the receiver of subband I; N(n) denotes noises. Therefore, in order to

estimate the data transmitted on subband I, the equivalent channel , (n) = fi (n)
|3

consisting of the time domain filtering and physical channel needs to be obtained. In

the frequency domain, an equivalent channel coefficient H (m) F (m) of
{ i !

subcarrier m needs to be determined, wherein H,(m) denotes a frequency domain
channel coefficient of subcarrier m, which is obtained by performing a Fourier

transform to the time domain channel impulse response. Fi(m) denotes a coefficient of
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a frequency-domain response of the time-domain filter of subcarrier m, which is
obtained by performing the Fourier transform to the impulse response of the time-
domain filter. The frequency domain equivalent channel coefficient of subcarrier m is
a product of these two factors.

In the frequency domain response of the time-domain filter as shown in FIG. 3,
although a large part of the frequency domain response is flat, variation areas still exist
at the edge of subband. If the reference signals are inserted according to a conventional
method, e.g., a method of equally spaced distributed reference signal insertion similar
as UE-specific reference signal, it may lead to inaccurate channel estimation on the
subcarriers at the edge of subband, which affects the performance of data detection. To
solve such problem, embodiments of the present disclosure provide a method of al-
locating resources for the reference signals based on the properties of the frequency
domain response of the time-domain filter of the subband. Considering that the
frequency domain response of the filter of the subband is flat in the center region, and
distortion always exists at the edge of subband due to the filter roll-off, intensive
reference signals may be inserted at the edge of subband, and sparse reference signals
may be inserted in the center region of subband. FIG. 10 shows a possible method for
inserting the reference signals, i.e. the reference signal pattern.

In FIG. 10, the subband bandwidth is divided into two parts according to the property
of the frequency domain response of the time domain filter of the subband. One part is
the center region, which is corresponding to the passband where the frequency domain
response of the filter is relatively flat. The other part is the roll-off region, corre-
sponding to the transition band where the frequency domain response of the filter
varies significantly in the subband. According to the frequency domain response
shown in FIG. 3, the properties of these two regions are different.

In order to obtain an accurate estimation on the whole band and reduce the overhead
of reference signals, in some embodiments, different reference signal inserting
methods are adopted for these two regions. Specifically, in the center region, the
frequency domain response of the filter rarely varies, therefore sparse distributed
reference signals may be inserted for the estimation of equivalent frequency domain

channel , such reference signals are referred to as center reference
H,(m)F,(m)

signals. In the roll-off region, the frequency domain response of the filter may vary. In
order to guarantee the accuracy of estimation of the equivalent channel, the reference
signals are inserted on the consecutive subcarriers, such reference signals are referred
to as edge reference signals, as shown in FIG. 10. Meanwhile, the above two kinds of
reference signals are both distributed discretely in time domain, so as to reduce the

overhead of reference signal. The distribution of these two kinds of reference signals in
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time domain may be the different (as shown in FIG. 10), or may be same. The receiver
estimates the frequency domain equivalent channel coefficient of the corresponding
subcarriers at edge of the subband according to the edge reference signals, interpolates
in the time domain, and obtains the frequency domain equivalent channel of the whole
roll-off region. The receiver also estimates the frequency domain equivalent channel
coefficients of the corresponding subcarriers according to the center reference signals,
interpolates in the time and frequency domain, and obtains the frequency domain
equivalent channel of the center region. Combining the above, equivalent channel state
information of the whole subband may be obtained, which may be used for the de-
modulation and estimation of the data.

More specifically, at the receiver, the estimation of frequency domain response of the
equivalent channel includes: among the reference signals, estimating the frequency
domain response of the equivalent channel of the M consecutive subcarriers at the edge
of the subband according to the edge reference signals, interpolating in the time
domain, and obtaining the frequency domain response of the equivalent channel on the
M consecutive subcarriers; estimating the frequency domain coefficient of the
equivalent channel on the subcarriers where the center reference signals are located
according to the center reference signals, interpolating in the time frequency domain,
and obtaining the frequency domain response of the equivalent channel on the sub-
carriers except for the subcarriers where edge reference signals are inserted.

It should be noted that, the reference signal pattern of the center region may use dis-
tributed reference signals as shown in FIG. 10, or continuous reference signals, i.e.
inserting the reference signal on consecutive subcarriers.

The bandwidth of roll-off region, i.e. the number of subcarriers at the edge of the
subband where the edge reference signals are inserted, is determined by the property of
the frequency domain response of the time domain filter used by the transmitter. The
roll-off coefficient of the filter may be defined as:

_ Wan=We S
- Wart :

-

a

wherein W, denotes the available subband bandwidth, W, denotes the bandwidth of
the center region. That is, the roll-off coefficient a is defined as the ratio of the
bandwidth of the roll-off region and the whole available subband bandwidth. The
number of subcarriers at the edge of subband where the edge reference signals are
inserted is determined according to the roll-off coefficient a and the subband
bandwidth. The center reference signal pattern can be designed according to a
maximum delay spread and a maximum Doppler frequency shift supported by the

transmitter. For further details, reference may be made to cell-specific reference signal
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(CRS) or CSI-RS design in the LTE/LTE-A.

Meanwhile, as described above, the edge reference signals in the subband edge area
can be also in a distributed manner. In this situation, the edge reference signals is
inserted in the distributed manner in frequency resources of the M consecutive sub-
carriers at the edge of the subband. The number of subcarriers between two adjacent
edge reference signals is smaller than a predefined carrier threshold. The center
reference signals is inserted discretely or continuously in the frequency resources
except for the M subcarriers at the edge of the subband. The value of M can be de-
termined according to the frequency domain response property of the time domain
filter of the subband, similarly as described above.

After determining the reference signal pattern, the transmitter transmits the reference
signal pattern to the receiver via a broadcast channel or a control channel. One possible
method includes: configuring one reference signal pattern corresponding to the
subband bandwidth, which is known for the transmitter and receiver. At this time, the
transmitter just needs to notify the receiver of the subband bandwidth. The receiver is
able to obtain the reference signal pattern according to the subband bandwidth, and
perform equivalent channel estimation and data demodulation according to the
reference signal pattern. If the transmitter uses different time domain filters for
subbands of the same bandwidth, there may be several reference signal patterns corre-
sponding to the same subband bandwidth. In this case, besides the subband bandwidth,
the specific reference signal pattern also needs to be provided to the receiver. An index
manner may be used to inform the receiver of the specific reference pattern, one
example is as shown in Table 1.

Table 1: One possible informing method of reference signal pattern
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Bandwidth of subband | Type of filter | Reference signal pattern
540kHz 0 0
1 1
1.4MHz 0 2
1 3
SMHz 0 4
1 5

[132]

[133]

[134]
[135]

In the above example, the transmitter informs the receiver of the subband bandwidth
by means of an index, and informs the receiver of the type of filter by means of an
index at the same time. In the above table, there are three types of available subband
bandwidth, and 2 bits may be used to inform the receiver of the subband bandwidth.
For each subband bandwidth, there are two types of filters and 1 bit may be used to
inform the receiver of the filter type. The receiver obtains the reference signal pattern
by searching the table according to these two pieces of information. Alternatively, the
specific reference signal pattern may be denoted by a 3-bit index directly.

Another reference signal pattern informing method is direct informing, i.e. informing
receiver of the time frequency resources allocated for the reference signals, e.g.,
informing the receiver of the number of subcarriers where the edge reference signals
are continuously inserted and time domain inserting frequency by means of an index.

Embodiment 2

In this embodiment, a reference signal transmitting method in a filtering-based
carrier modulation system is described with reference to specific system config-
urations. The F-OFDM system still is taken as an example herein. There may be one or
more transmitters in the system, and each transmitter transmits on one or more
subbands. Without loss of generality, suppose that each transmitter occupies one
subband, and is identified by a subband index. It should be noted that the description
and analysis of this embodiment can also be applicable for the situation that each

transmitter occupies several subbands.
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In this embodiment, a radio frame structure shown in FIG. 11 is taken as an example.
The system performs resource scheduling and provides service in physical resource
blocks (PRBs), and each PRB consists of 12 subcarriers of 7 F-OFDM symbols. In the
time domain, one possible frame structure is that, each slot consists of 7 F-OFDM
symbols, each sub-frame includes 2 slots, and each radio frame includes 10 sub-
frames.

In this embodiment, the designed reference signal pattern includes three types of
reference signals. In the frequency domain, the first kind is edge reference signals,
located on multiple consecutive subcarriers at the edge of subband. The second kind is
the center reference signals, located on non-consecutive or consecutive subcarriers in
the middle of subband. The third kind is demodulation reference signals, discretely
located in the entire bandwidth of subband. The relationship of locations of these three
kinds of signals in the time domain includes the following.

1. The edge reference signals and part center reference signals are located in the same
OFDM symbol, this kind of OFDM symbol is referred to as a first filter symbol, which
is used for estimating the equivalent channel of the whole bandwidth of the subband
including the roll-off region. Due to the existence of the edge reference signals, the
result of equivalent channel estimation includes the channel distortion of the roll-off
region.

2. The OFDM symbols where the center reference signals except for those mentioned
in 1 are located are referred to as second filter symbols. For these symbols, filtering
based on time domain filter is not performed. Therefore, the frequency domain
response of the physical channel from the transmitter to the receiver may be estimated
based on the reference signals in these OFDM symbols. However, since the time
domain filtering which may restrict the inter-subband interference is not performed, a
frequency band at the edge of the subband of the second filter symbol is reserved as a
guard band. No data is transmitted on the guard band, so as to avoid the interference to
adjacent subbands. The subband except for the guard band may be used for the
transmission of data and reference signals.

3. The demodulation reference signals are discretely located in the whole bandwidth
of the subband of the OFDM symbols except for the first and second filter symbols.
The demodulation reference signals may be conventional reference signals or newly
defined reference signals. The demodulation reference signals may be used for es-
timating the equivalent channel frequency domain response of the OFDM symbols
except for the first and second filter symbols.

The first and second filter symbols are used for estimating the frequency domain
response of the time domain filter, and are referred to as filter symbols in general.

Specifically, according to the first filter symbol, the equivalent channel frequency
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domain response “ -, can be estimated, according to the second filter
P H (m)F,(m) £

symbol, the physical channel frequency domain response H;(m) may be estimated. If
the first filter symbol and second filter symbol pass through approximately the same
physical channel, the frequency domain response of the time domain filter can be
estimated. In order to guarantee the physical channel experienced by the first filter
symbol and second filter symbol are approximately the same, in some embodiments,
the distance between the first filter symbol and the second filter symbol is smaller than
a distance threshold. For example, the first filter symbol is adjacent to the second filter
symbol. Furthermore, the estimated frequency domain response of the time domain
filter may be used to correct the equivalent channel estimated by the demodulation
reference signal. Meanwhile, considering that the time domain filter is stable, and no
frequent estimation is required, the first filter symbol and second filter symbol may
appear with a long periodicity when they are inserted periodically. For example, the
periodicity may be larger than a predefined threshold. An example of the reference
signal pattern is shown below.

The first symbol (symbol 0) of sub-frame O in each radio frame is used as the first
filter symbol. For this symbol, no time-domain filtering is applied, and only the sub-
carriers in the middle of the subband are used for transmitting data and reference
signals. The reference signals in the symbol are used for estimating the frequency
domain response of the physical channel H,;(m). Part of bands is reserved as a guard
band on respective side of the subband of the symbol to avoid interference to adjacent
subbands. For remaining symbols of each radio frame, the F-OFDM transmission
method based on time domain filter is adopted. The transmitter is as shown in FIG. 8.
The symbol (symbol 1) adjacent to symbol 0, i.e. the second symbol of sub-frame O of
each radio frame, is used as the second filter symbol. In this symbol, the reference
signals are inserted on several consecutive subcarriers at the edge of subband, for es-

timating the frequency domain response H ( m) F (m) of the equivalent channel
{ {

consisting of the time domain filter and the physical channel, and estimating the
distortion of the frequency domain response of the equivalent channel at the edge of
the subband brought out by the time domain filter. Through the equivalent channel es-
timation of symbol 0 and symbol 1, the frequency domain response function F,(m) of
the time domain filter may be obtained. Therefore, in the other symbols of radio frame,
it merely needs to insert the demodulation reference signals discretely to estimate the

equivalent channel H (m) F ( m) of passband of the subband. The equivalent

channel estimation of the whole band may be obtained by means of interpolation.

Through correcting the frequency domain response at the edge of subband with F,(m),
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a relatively accurate frequency domain channel estimation may be obtained.

One example of the above time-frequency resource allocation manner is as shown in
FIG. 12. In FIG. 12, the first two symbols are used for estimating frequency domain
response of the filter, i.e. they are filter symbols. The edge reference signals and the
center reference signals in the filter symbols are referred to as filter reference signals in
general. Considering that the filter is stable and no frequent estimation is required, the
filter symbol and filter reference signals may be transmitted with a low frequency, e.g.,
as shown in FIG. 12, once in one radio frame. In addition, it should be noted that, the
center reference signals in the center region may be inserted discretely as shown in
FIG. 12, or may be inserted continuously, i.e., the filter reference signals transmitted
may be transmitted on consecutive subcarriers in the center region.

FIG. 13 is a schematic diagram illustrating a receiver of subband | according to this
embodiment. In FIG. 13, the receiver performs a multi-carrier demodulation firstly,
and estimates the frequency-domain equivalent channel according to the allocation of
time-frequency resources and the reference signal pattern. Specifically, H(m) and

H, ( m) F, ( m) may be estimated based on the filter reference signals in the filter

symbols, so as to obtain the frequency domain response F;(m) of the filter of each
subcarrier. As to the other symbols, the frequency domain equivalent channel es-

timation of the center region of the corresponding subcarriers ma
H;(m)F,(m) & PORCINE st Y

be obtained according to the demodulation reference signals in the center region. The

equivalent channel estimation H ( m) F ( m) of the corresponding subcarriers may
{ {

be obtained according to the demodulation reference signals in the roll-off region.
Through an interpolation operation to the channel estimation of the center region, it is
also possible to obtain the equivalent channel estimation assuming that the roll-off
region is flat, and the frequency domain equivalent channel in the roll-off region may
be corrected according to the estimated frequency domain response F,(m) of the filter.
This estimated value may be used for the subsequent data detection and demodulation.

In other words, at the receiver, the process of estimating the equivalent channel
frequency domain response includes:

Among the reference signals, the frequency domain response of the equivalent
channel is estimated according to the reference signals in the first carrier modulated
symbol, the frequency domain response of the physical channel is estimated according
to the reference signals in the second carrier modulated symbol, and the frequency
domain response of the time domain filter used by the transmitter is estimated
according to the frequency domain response of the equivalent channel and the

frequency domain response of the physical channel. Among the reference signals, the
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frequency domain response of the equivalent channel in the carrier modulated symbols
except for the first and second carrier modulated symbols is estimated according to the
demodulation reference signals, and the frequency domain response of the equivalent
channel of the M consecutive subcarriers at the edge of the subband in these carrier
modulated symbols is corrected according to the frequency domain response of the
time domain filter.

As described above, the first carrier modulated symbol is the carrier modulated
symbol bearing both the edge reference signals and center reference signals in the
reference signal pattern, and the second carrier modulated symbol is the carrier
modulated symbol bearing only the center reference signals in the reference signal
pattern. The edge reference signals are the reference signals born by the M consecutive
subcarriers. The center reference signals are the reference signals born by the sub-
carriers of the first and second carrier modulated symbols except for the M consecutive
subcarriers. The demodulation reference signals are reference signals distributedly
located in the whole subband bandwidth in the carrier modulated symbols except for
the first and second carrier modulated symbols, wherein M is a natural number de-
termined by the property of the time domain filter of the subband.

The filter reference signal pattern of the filter symbol is determined by the property

of the used time domain filter. Specifically, the roll-off coefficient of the filter may be

defined as:
q = Yau=We o
Wait

wherein W, is the available bandwidth of the subband, W. is the bandwidth of the
center region. In order words, the roll-off coefficient a is defined as a ratio of the
bandwidth of the roll-off region and the whole available bandwidth of the subband.
The number M of subcarriers at the edge of the subband where the edge reference
signals are inserted may be determined according to the roll-off coefficient a and the
subband bandwidth. The center reference signal pattern and the demodulation
reference signal shown in FIG. 11 may be designed according to a maximum delay
spread and a maximum Doppler frequency shift supported by the transmitter. For
further details, reference may be made to cell-specific reference signal (CRS) or CSI-
RS design in the LTE/LTE-A.

Similar to embodiment 1, in this embodiment, the edge reference signals in the
subband edge area may also be in a distributed manner. In this situation, the edge
reference signals may be inserted discretely in frequency domain resources of the M
consecutive subcarriers at the edge of the subband. The number of subcarriers between

two adjacent edge reference signals is smaller than a predefined carrier threshold. The
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center reference signals may be inserted distributedly or continuously in the frequency
domain resources except for the M subcarriers at the edge of the subband. The value of
M may be determined according to the frequency domain response property of the time
domain filter of the subband, similarly as described above.

After determining the reference signal pattern, the system informs the receiver of the
reference signal pattern via a broadcast channel or a control channel. For the reference
signal pattern provided by this embodiment, the information needs to be provided to
the receiver includes transmission positions of the filter symbol, the filter reference
signals, the filter reference signal pattern and demodulation reference signal pattern.
The filter symbol may be transmitted periodically. Thus, the position of the filter
symbol in the radio frame may be fixed, and provided to the receiver via the broadcast
channel or the control channel. The reference signal pattern including the filter
reference signals and demodulation reference signals is related to the subband
bandwidth. One possible method is to configure fixed subband bandwidth and
reference signal pattern, and let them known by the transmitter and receiver. At this
time, the transmitter informs the receiver of the subband bandwidth. The receiver is
able to obtain the reference signal pattern according to the subband bandwidth, and
perform estimation of equivalent channel and data demodulation according to the
reference signal pattern. If the transmitter uses different time domain filters for the
same subband bandwidth, the same subband bandwidth may correspond to several
reference signal patterns. In this case, besides the subband bandwidth, the receiver also
needs to be informed about the reference signal pattern.

Another method is to inform receiver about the reference signal pattern directly, i.e.
informing the receiver of the time-frequency resources allocated for the reference
signals. For example, the receiver can be informed about the number of subcarriers
continuously occupied by the filter reference signals at the edge of subband by means
of index.

It should be noted that, the solutions in embodiments 1 and 2 are both based on the
CP-OFDM carrier modulation with time domain filtering. Other kinds of carrier
modulation, such as SC-FDMA, and OFDM carrier modulation with cyclic prefix and
cyclic postfix, may also be combined with the time domain filter, and be used for es-
timating the frequency domain equivalent channel consisting of the time domain filter
and the physical channel.

It should also be noted that, the method mentioned in embodiment 1 may also be
used for estimating the frequency domain response of the filter, the estimation is
similar to that in embodiment 2, i.e., the following processing can be performed at the
receiver:

1. Estimate the channel state information of the equivalent channel consisting of the
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time domain filter and the physical channel of the passband which is relatively flat
based on the center reference signals, and obtain the equivalent channel state in-
formation of the time-frequency resources carrying no reference signals by means of
interpolation.

2. Estimate the equivalent channel state information at the edge of subband according
to the edge reference signals.

3. According to the channel state information at the edge of the subband obtained
according to the center reference signals and the interpolation and the equivalent
channel state information obtained in 2, obtain the frequency domain response of the
filter at the edge of subband, which may be used for correcting the estimation of the
channel at the edge of the subband in the following channel estimation (e.g., correcting
the estimation of the channel estimation at the edge of the subband of the carrier
modulated symbol without edge reference signals).

In other words, during the estimation of the equivalent channel, the frequency
domain coefficients of the equivalent channel on the subcarriers carrying the center
reference signals are estimated according to the center reference signals, and the
frequency domain response of the equivalent channel on the whole subband is obtained
by interpolating in the time and frequency domain. The equivalent channel frequency
domain response on the M consecutive subcarriers at the edge of subband is estimated
according to the edge reference signals. The frequency domain response of the filter on
the M consecutive subcarriers may be obtained according to the equivalent channel
frequency domain response on the M consecutive subcarriers obtained based on the
center reference signal and the interpolation and the equivalent channel frequency
domain response on the M consecutive subcarriers obtained based on the edge
reference signals, and may be used for correcting the equivalent channel frequency
domain response on the M consecutive subcarriers.

Embodiment 3

The method described in embodiment 2 transmits reference signals periodically.
Based on the periodic transmission of reference signals, an aperiodic transmission
triggered by a transmitter or a receiver can also be used to transmit the reference
signals. Meanwhile, the reference signal transmission method described in this em-
bodiment can be combined with the reference signal transmission method in em-
bodiment 1.

Specifically, the estimation of a frequency domain response of a filter determines
accuracy of the subsequent channel estimation. Considering the overhead, the insertion
frequency of the filter symbol and filter reference signals used for the estimation of the
frequency domain response of the filter is relatively low. Therefore, if there is an error

in the estimation of the frequency domain response of the filter, the estimation of the
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frequency domain equivalent channel at the edge of subband during data transmission
may have an error, which will lead to decrease of the system performance. Due to the
sparsity of the inserted filter reference signals, it may take a long time to remove such
error. In order to eliminate the impact brought out by the estimation error of the
frequency domain response of the filter to the system performance, improve channel
estimation flexibility and have a tradeoff between the overhead and channel estimation
accuracy, the aperiodic reference signal transmission is introduced based on the above
periodic transmission of the filter reference signals.

FIG. 14 shows a receiver-triggered aperiodic reference signal transmission method.
When determining that data signal detection accuracy is lower than a preset accuracy
threshold, the receiver transmits an aperiodic reference signal transmission request to
the transmitter. It can be seen that, besides the periodic transmitted filter reference
signals, the receiver transmits the aperiodic reference signal transmission request to the
transmitter in the sub-frame k. After receiving the aperiodic reference signal
transmission request, the transmitter transmits the aperiodic reference signals after a
fixed time interval, for example, after n sub-frames.

A transmitter-triggered aperiodic reference signal transmission method may be as
follows, before transmitting the aperiodic reference signals, the transmitter transmits an
of aperiodic reference signal transmission indication signal via a broadcast channel or a
control channel to inform the receiver about the transmission of the aperiodic reference
signals. The aperiodic reference signal and the periodic filter reference signal may
have the same or different structures, and may use the same or different reference
signal sequences.

As described above, after the receiver receives the aperiodic reference signal
transmission indication from the transmitter, or after the preset time interval since the
receiver transmits the aperiodic reference signal transmission request to the transmitter,
the receiver receives the aperiodic reference signals, and corrects the frequency domain
response of the time domain filter according to the aperiodic reference signals.
Specifically, after receiving aperiodic reference signals, the receiver estimates the
frequency domain response of the filter of the transmitter, corrects the original
frequency domain response of the filter, and uses the corrected frequency domain
response to estimate the frequency domain equivalent channel and demodulate data of
subsequent symbols.

In the above processing, the aperiodic reference signals transmitted by the transmitter
may be the filter reference signals in embodiment 2. In other words, the transmitting
the aperiodic reference signals includes: transmitting a first carrier modulated symbol
and a second carrier demodulation symbol. In addition, considering that the filter

symbol and filter reference signals in embodiment 2 occupy two continuous symbols,
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which may affect the resource utilization. In order to enhance the resource utilization
and reduce the resource occupied by the aperiodic reference signals, the reference
signal solution described in embodiment 1 can be adopted for transmitting the
aperiodic reference signals. When receiving the aperiodic reference signal transmission
request, the transmitter transmits the edge reference signals and center reference
signals as shown in FIG. 10, for estimating the frequency domain equivalent channel
consisting of the time domain filter and the physical channel, i.e. transmitting one first
filter symbol when it is required to transmit the aperiodic reference signals. At this
time, the allocation of the time-frequency resources and possible distribution of
reference signals are shown as FIG. 15.

In FIG. 15, the aperiodic filter reference signal transmission request is transmitted by
the receiver in symbol k, and the aperiodic reference signals are transmitted in symbol
k+n. The aperiodic reference signal has the structure similar as the reference signal
shown in FIG. 10, which is determined by the edge reference signal and the center
reference signal. The aperiodic reference signal is used for estimating the frequency
domain equivalent channel state information including the edge of subband. Since the
reference signals are inserted in several consecutive subcarriers at the edge of the
subband, it is possible to estimate the whole frequency domain equivalent channel
including the spectrum distortion caused by the time domain filter. As such, the es-
timation of the frequency domain response of the filter may be corrected, and the
corrected frequency domain response may be used for the frequency domain
equivalent channel estimation and data demodulation of subsequent data symbols.

In view of the above, if the transmitted aperiodic reference signals include one first
carrier modulated symbol and one second carrier modulated symbol, the correcting the
frequency domain response of the time domain filter by the receiver according to the
aperiodic reference signals includes: estimating the frequency domain response of the
time domain filter according to the transmitted first carrier modulated symbol and the
second carrier modulated symbol, and correcting the frequency domain response of the
time domain filter determined based on the periodic reference signals according to the
frequency domain response. Or, if the transmitted aperiodic reference signal includes
one first carrier modulated symbol, the correcting the frequency domain response of
the time domain filter by the receiver according to the aperiodic reference signals
includes: estimating the equivalent channel frequency domain response according to
the first carrier modulated symbol, and correcting the frequency domain response of
the time domain filter determined based on the periodic reference signals according to
the equivalent channel frequency domain response.

Embodiment 4

In this embodiment, synchronization signal of a conventional system are utilized to
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assist the estimation of a frequency domain response of a filter and a frequency domain
estimation of an equivalent channel consisting of the filter in the time domain and a
physical channel.

In current wireless communication standard LTE-A, synchronization signal may
include primary synchronization signal (PSS) and secondary synchronization signal
(SSS), which are used for cell search and initial downlink synchronization. In a
frequency division duplex (FDD) system, the PSS is transmitted in symbol 6 in sub-
frames O and 5 of a radio frame, and the SSS is transmitted in symbol 5 of sub-frames
0 and 5 of the radio frame. In the frequency domain, the PSS and the SSS occupy 6
continuous resource blocks (RB) in the middle of the bandwidth.

In the time domain, the PSS and the SSS are located in adjacent symbols and are
transmitted in each radio frame. Therefore, they may be used for estimating the
frequency domain response of the filter of the subband. Specifically, the PSS may be
used for estimating the frequency domain response H;(m) of the physical channel and
no time domain filtering is performed to the symbol carrying the PSS, and no data is
transmitted on the several consecutive subcarriers at the edge of subband in the carrier
modulated symbol where the PSS is located. The SSS may be used for estimating the
frequency domain response H, (m) F, ( 771) of the equivalent channel consisting of

the time domain filter and the physical channel. The same time domain filtering as the
data is performed to the symbol carrying the SSS. Meanwhile, reference signals are ad-
ditionally carried by the M consecutive subcarriers at the edge of the subband of the
carrier modulated symbol where the SSS is located. For the transmitter and the receiver
whose subband bandwidth is similar to that occupied by the synchronization signal and
includes the synchronization signal, for example, the subband bandwidth is 6 RBs and
is located in the middle of system bandwidth, the overhead of the reference signals
may be decreased effectively by using the PSS and the SSS as the reference signals.

FIG. 16 shows a frame structure in which the PSS and the SSS are taken as the
reference signals according to some embodiments of the present disclosure. As shown
in FIG. 16, the subband bandwidth is 6 RBs, and the PSS occupies 6 continuous RBs,
but the 5 subcarriers at the edge of the subband are not used for data transmission. The
PSS in this embodiment is used for the estimation of the frequency domain response of
the physical channel and no time domain filtering which is used for reducing inter-
subband interference is performed. Therefore, the subcarriers not used for data
transmission are used as a guard band between subbands.

The SSS is processed with the same time domain filtering as the data, and is used for
the estimation of the equivalent channel consisting of the time domain filter and the

physical channel. Meanwhile, it is required to estimate the channel distortion caused by



31

WO 2017/164639 PCT/KR2017/003056

[175]

[176]

[177]

[178]

the transition band of the time domain filter at the edge of subband. Therefore, known
reference signal needs to be added on the un-used subcarriers. The added reference
signal may be a part of the SSS, or a specific designed reference signal.

Reference signal pattern on other time-frequency resources may be designed
similarly as the CRS, UE-specific RS or CSI-RS.

Considering that the pass-band of the filter for the subband filtering is relatively flat,
even a filter with basically unchanged pass-band amplitude may be obtained through
better design, the time domain filtering does not affect the SSS signal synchronization
dramatically. For a receiver just accessing the system, the PSS and the SSS are still
used for cell search and downlink synchronization. For the receiver has accessed to the
system and is allocated with the resources transmitting the PSS and the SSS , the frame
structure as shown in FIG. 16 may be used. The PSS is used for estimating the
frequency domain response of the physical channel, and the SSS is used for estimating
the frequency domain response of the equivalent channel. These two estimation results
are combined to obtain the frequency domain response of the time domain filter used
by the transmitter on the whole subband. The estimation of the equivalent channel may
be obtained according to the reference signals on other time-frequency resources. The
equivalent channel estimation at the edge of subband is corrected according to the
frequency domain response of the time domain filter, and then may be used for the
subsequent data demodulation.

For a system whose subband bandwidth is larger than the bandwidth occupied by the
PSS and the SSS, the PSS and the SSS may still act as part of the filter reference
signals to assist the estimation of the frequency domain response of the filter.

It can be seen from the description above, the reference signal pattern in this em-
bodiment is similar to that of embodiment 2, merely the carrier modulated symbol
where the PSS and the SSS is located is used as the filter symbol. Besides the method
mentioned above, the SSS may be used as the second filter reference signal to estimate
the frequency domain response of the physical channel. The PSS with the reference
signals added on the consecutive subcarriers at the edge of band may be used as the
first filter reference signal to estimate the frequency domain response of the equivalent
channel consisting of the time domain filter and the physical channel. In other words,
in the reference signal pattern, the carrier modulated symbol where the PSS is located
is used as the second carrier modulated symbol, and the carrier modulated symbol
where the SSS is located and predefined reference signals are inserted on M con-
secutive subcarriers at the edge of the subband is used as the first carrier modulated
symbol. Or, in the reference signal pattern, the carrier modulated symbol where the
SSS is located is used as the first carrier modulated symbol; and the carrier modulated

symbol where the primary synchronization signal is located and predefined reference
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signals are inserted on M consecutive subcarriers at the edge of the subband is taken as
the first carrier modulated symbol.

Embodiment 5

In this embodiment, signal transmitting and receiving methods in a filtering-based
carrier modulation system are described with reference to specific system con-
figuration. The system configuration is similar as embodiment 1. The transmitter is
equipped with multiple transmission antennas which may transmit multiple data
streams to enhance the data rate or same data to improve the reliability. The receiver is
equipped with one or more receiving antennas. For a multi-antennas transmitter
equipped with N7 antennas, it is required to transmit Nt orthogonal reference signal
sequences.

For the reference signal transmission method provided by various embodiments of
the present disclosure, a conventional method may be adopted for the center reference
signals, e.g., transmitting N reference signals via orthogonal resources, the orthogonal
resources include any one or any combination of orthogonal time resources, orthogonal
frequency resources, and orthogonal reference signal sequences. As to the edge
reference signals which are used for estimating the frequency domain response of the
equivalent channel at the edge of the subband, the reference signal pattern should be
designed carefully to reduce the overhead of reference signals.

As to the signal transmission method described in embodiment 1, the time domain
filtering is performed to all of the reference signals, therefore what is obtained
according to these reference signals is the frequency domain response of the equivalent
channel. The frequency domain response of the equivalent channel includes a physical
channel part and a time domain filter part. For different data layers, although the time
domain filters may be same, the frequency domain responses of the equivalent
channels of different data layers may be different since the physical channels corre-
sponding to different antennas may be different. Based on this, it is required to transmit
reference signals respectively for different data layers to estimate the frequency
domain response of the equivalent channel of respective data layer. Therefore,
different data layers also needs to use orthogonal resources to transmit the reference
signals. The orthogonal resources used by center reference signals and edge reference
signals may be the same or different. For example, the center reference signals are
designed similarly as the CRS or the UE-specific RS. The edge reference signals of
different data layers adopt a time division manner, as shown in FIG. 17.

In FIG. 17, the edge reference signals in the roll-off region when there are 4 data
layers are shown, wherein the reference signals of each layer are transmitted via or-
thogonal time resources. Besides differentiating the reference signal in each layer by

the orthogonal time resources as shown in FIG. 17, orthogonal code sequences may be
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used in combination to support more layers with the same overhead. For example, in
FIG. 17, on the time-frequency resources of the reference signals of layer 1, the edge
reference signals of 3 layers are multiplexed via orthogonal code sequences of length
3.

As described above, for different data layers, their respective center reference signals
and edge reference signals need to be transmitted. Accordingly, the transmitter
transmits the reference signal pattern of each data layer to the receiver, and indicates a
corresponding relationship between the reference signal pattern information and the
data layer. The receiver receives the corresponding relationship between the reference
signal pattern information and the data layer, and performs equivalent channel es-
timation for respective data layer.

As to the signal transmission method in embodiment 2, the frequency domain
response of time domain filter may be estimated according to the filter reference
signals. Because the time domain filters of different data layers are the same, it is not
necessary to estimate the frequency domain response of time domain filter for each
layer. A transmitting method of filter symbols is shown as FIG. 18.

In FIG. 18, the filter symbols are transmitted on only one data layer when required to
be transmitted. Meanwhile, no data is transmitted on the subcarriers in corresponding
symbols of other layers conflicting with the time-frequency resources used by the filter
reference signals, so as to avoid interference to the filter reference signals. Meanwhile,
the filter symbol of different radio frames or different sub-frames may be transmitted
on different layers, as shown in FIG. 18. Or, it is possible to select a data layer to
transmit the filter symbols according to channel state information of each layer fed
back by the receiver. For example, a layer with better channel quality may be selected
to transmit the filter symbols. In other words, one data layer may be selected according
to the channel state fed back by the receiver to transmit the first and second carrier
modulated symbols. Since the filter symbols are transmitted on only one data layer on
the same time-frequency resources, it is not necessary to use orthogonal sequences for
the filter reference signals on different data layers, and it is not necessary for the
transmitter to inform the receiver on which data layer the filter symbols are
transmitted. The above describes the method for transmitting the filter symbols of
different data layers. As to the demodulation reference signals, since they are used for
equivalent channel estimation, the demodulation reference signals need to be
transmitted on respective data layers, and orthogonal resources need to be used for the
demodulation reference signals on different data layers.

As described above, for different data layers, the filter symbols may be transmitted
on only one data layer. After receiving the filter symbols on the corresponding data

layer, the receiver estimates the frequency domain response of the filter, and uses it to
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correct the equivalent channel frequency domain response of each layer. Meanwhile,
for different data layers, the demodulation reference signals are transmitted on re-
spective data layers. The transmitter needs to transmit position information of de-
modulation reference signals on each data layer to the receiver, and indicates a rela-
tionship between the position information and the data layer. The receiver receives the
relationship between the demodulation reference signal position information and the
data layer, and performs equivalent channel estimation for carrier modulated symbols
of the corresponding data layer.

In addition, as described above, embodiment 1 may obtain the frequency domain
response of the filter similarly as embodiment 2. Therefore, similar to embodiment 2,
one data layer is used for transmitting the edge reference signals for estimating the
frequency domain response of the filter. However, according to the signal transmission
manner mentioned in embodiment 1, the frequency domain response of the filter is
estimated according to an equivalent channel property at the edge of the subband
(including a passband property and a physical channel property) obtained by inter-
polating based on the center reference signals and an equivalent channel property at the
edge of the subband (including a roll-off property and a physical channel property)
estimated based on the edge reference signals. Therefore, it is less accurate compared
with the direct equivalent channel estimation of respective data layer via the or-
thogonal resources. Or, the transmission of the edge reference signals on different data
layers via orthogonal resources and the transmission of the edge reference signals on a
single layer may be combined. For example, the edge reference signals may be
transmitted on respective data layers via orthogonal resources with a long periodicity,
and one data layer is selected from those transmitting the periodic orthogonal edge
reference signals to transmit the edge reference signals, for estimating the frequency
domain response of the filter and correcting the equivalent channel state information.

It may be seen that, in the multi-antennas system, the overhead for transmitting the
reference signals is relatively high in embodiment 1, and the overhead for transmitting
the reference signals in embodiment 2 is relatively low.

In view of the above, in accordance with the transmission method in embodiment 1,
if the transmitter has multiple transmission antennas, at the receiver, the receiving the
reference signal pattern information and determining the reference signal pattern
includes:

receiving the reference signal pattern information of each data layer, determining the
reference signal pattern corresponding to respective data layer based on the corre-
sponding relationship between the reference signal pattern information and the data
layer, wherein the reference signal pattern of respective data layer is used for es-

timating the equivalent channel frequency domain response of each data layer; or,
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receiving pattern information of the periodically transmitted first edge reference
signals and the center reference signals of each data layer, determining the first edge
reference signals and the center reference signals corresponding to respective data
layer based on the corresponding relationship between the pattern information and the
data layer, wherein the first edge reference signals and the center reference signals are
used for estimating the equivalent channel frequency domain response of each data
layer; receiving pattern information of the second edge reference signals, determining
the pattern of the second edge reference signals to estimate the frequency domain
response of the time domain filter, so as to correct the equivalent channel frequency
domain response on each data layer.

In accordance with the transmission method in embodiment 2, if the transmitter has
multiple transmission antennas, at the receiver, the receiving the reference signal
pattern information and determining the reference signal pattern includes:

receiving reference signal pattern information of the first carrier modulated symbol
and second carrier modulated symbol, determining the reference signal pattern of the
first carrier modulated symbol and the second carrier modulated symbol, wherein the
first carrier modulated symbol and the second carrier modulated symbol are used for
estimating the frequency domain response of the time domain filter; receiving pattern
information of the demodulation reference signals of each data layer, determining the
demodulation reference signal pattern corresponding to respective data layer based on
the corresponding relationship between demodulation reference signal pattern in-
formation and the data layer, wherein the demodulation reference signals are used for
estimating the equivalent channel frequency domain response of the carrier modulated
symbols on each data layer.

Embodiment 6:

The above embodiments describe signal transmission and receiving with respect to
one subband. In this embodiment, a signal transmitting and receiving method of
adjacent subbands in a carrier modulation system is described with reference to
specific system configuration, especially a carrier modulation system in which adjacent
subbands have different carrier modulation parameters. The system configuration is
similar as that of embodiment 1. A transmitter transmits data on multiple subbands si-
multaneously. The data on multiple subbands may be transmitted to a same receiver, or
to different receivers. The multiple subbands may use the same or different carrier
modulation parameters, such as same or different subcarrier spacings, CP lengths and
so on. Several subcarriers are reserved as a guard band between the adjacent subbands,
no data or signaling is transmitted on these subcarriers.

In a conventional filtering-based carrier modulation system, the receiver adopts a

matched filter to eliminate interferences from other subband. In embodiments of the
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present disclosure, the receiver does not have any information about the filter used by
the transmitter, thus cannot perform the matched filtering. Through properly designing
the filter and reserving several subcarriers as the guard band, the inter-subband inter-
ferences may be reduced. But some residual inter-subband interferences still exist at
the edge of the subband, which may be more serious when different subbands use
different carrier modulation parameters.

As to the solution provided by embodiment 1, if the adacent subbands use the same
reference signal pattern, the edge reference signals transmitted on several consecutive
subcarriers at the edge of the subbands may lead to inter-subband interferences, which
may result in inaccurate channel estimation at the receiver, which may affect the
receiving performance of the whole system. Likewise, as to the solution provided by
embodiment 2, if the adjacent subbands use the same reference signal pattern, the
residual inter-subband interferences may leads to inaccurate estimation of the
frequency domain response of the filter, which results in inaccurate correction of the
equivalent channel and in turn affect the performance of system.

In order to solve the problem, this embodiment provides that: the edge reference
signals of adjacent subbands are not transmitted in the same carrier symbol, and the
edge reference signals of the adjacent subbands are carried alternately by different
time-frequency resources. Specifically, as to the solution provided by embodiment 1,
FIG. 19 shows the pattern of the edge reference signals. Subband 1 and subband 2 are
adjacent subbands, and a small number of subcarriers are used as a guard band
between them. To avoid the impact of the inter-subband interferences to the channel
estimation, the two subbands transmit the edge reference signals on adjacent time
resources, and several subcarriers are reserved in the symbol on which the adjacent
subband transmits the edge reference signals as guard subcarriers. In other words, the
edge reference signals of subband 1 and the edge reference signals of subband 2 are
located in adjacent carrier modulated symbols. For the subband 1, in the carrier
modulated symbol on which subband 2 transmits the edge reference signals, some sub-
carriers adjacent to subband guard band is regarded as guard subcarriers. For the
subband 2, in the carrier modulated symbol on which subband 1 transmits the edge
reference signals, some subcarriers adjacent to subband guard band is regarded as
guard subcarriers. The number of guard subcarriers may be determined according to
factors such as design of the filter and subband bandwidth. In order words, if the
subband is wide and the filter is designed to have a low out-of-band emission,
relatively fewer guard subcarriers may be used; if the subband is narrow and the design
of the filter cannot ensure a fast decreasing of the out-of-band emission, relatively
more guard subcarriers may be used. A simple principle is that the number of the guard

subcarrier is the same as the number of consecutive subcarriers occupied by the edge
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[200]

[201]

[202]

[203]

reference signals, so as to facilitate the transmitter to inform the receiver about the
reference signal pattern. Since the number of subcarriers occupied by the edge
reference signals is also subject to the subband bandwidth and the design of the filter,
the above principle also meets these requirements.

After adding the guard subcarriers, although the inter-subband interferences still
exist, the impact of the inter-subband interferences to the edge reference signals is
reduced dramatically. Thus, the estimation of the equivalent channel may be more
accurate, and better performance may be obtained.

As to the solution provided by embodiment 2, FIG. 20 shows a pattern of the edge
reference signals. Subband 1 and subband 2 are adjacent subbands, and a small number
of subcarriers are used as a guard band. To avoid the impact of the inter-subband inter-
ferences to the estimation of the frequency domain response of the filter, the filter
symbols of the two subbands are transmitted in alternate carrier modulated symbols.
Specifically, when the subband 1 transmits the first filter symbol, the subband 2
transmits the second filter symbol in the same carrier modulated symbol. When the
subband 1 transmits the second filter symbol, the subband 2 transmits the first filter
symbol in the same carrier modulated symbol. In other words, for the adjacent subband
1 and subband 2, the first carrier modulated symbol of subband 1 and the second
carrier modulated symbol of subband 2 are the same carrier modulated symbol, and the
second carrier modulated symbol of subband 1 and the first carrier modulated symbol
of subband 2 are the same carrier modulated symbol. Since a guard band is reserved at
the edge of the subband in the second filter symbol, there is not much interference to
the edge reference signals of first filter symbol. Therefore, the reference signal pattern
shown in FIG. 20 may reduce the impact of the inter-subband interference to the es-
timation of the frequency domain response of the filter. As such, the performance of
equivalent channel estimation may be improved and the system performance is
improved.

The solution provided in this embodiment is especially applicable for the system
having multiple transmitters which occupy different subbands. When transmitting data
and reference signals, the transmitters using the adjacent subbands may transmit the
reference signals following the reference signal pattern provided by this embodiment.

In addition, the solution provided by this embodiment is also applicable for the multi-
antennas transmitting system described in embodiment 5. Specifically, the edge
reference signals of different layers are transmitted via orthogonal time-frequency
resources. Meanwhile, in the carrier modulated symbol where the adjacent subbands
transmit edge reference signals, several subcarriers at the edge of respective subband
are not used for transmitting data or reference signals, acting as guard subcarriers. If

the filter symbol is adopted to estimate the frequency domain response of the filter,
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since the filter symbol may be transmitted on one layer, the transmitting method may
be same as that described in embodiment 2.

[204] In this embodiment, the edge reference signal pattern of each subband needs to be
determined. Specifically, the positions of edge reference signals and the number of
occupied subcarriers may change according to the bandwidth and position of subband,
which makes it difficult to inform the receiver about the reference signal pattern. A
simple but effective solution is that, associating the position of the edge reference
signals and the number of the occupied subcarriers with the subband bandwidth and a
center frequency point of the subband, and informing the receiver about the reference
signal pattern implicitly.

[205] More specifically, the positions of edge reference signals and the number of occupied
subcarriers may be described as a function of subband bandwidth W and the subband

center frequency f.:

L w R

[207] wherein f(-) denotes a function relationship.

[208] In one embodiment, the notification of the number of the occupied subcarriers and
the positions of edge reference signals may be implemented together or separately.
Hereinafter, a separate notification is taken as an example to describe a method for de-
termining the number of the occupied subcarriers and the positions of edge reference
signals.

[209] The number of subcarriers occupied by edge reference signals is determined by the
subband bandwidth, which may be described as a following formula:

210 ;
= fvsdgs = ”vRsf - A!index (:H’,) ;
[211] wherein Ng. denotes the number of subcarriers occupied by edge reference signals

for a reference subband bandwidth and may be a nonnegative integer defined in
advance. Ni,q..(W) denotes an offset of the number of subcarriers occupied by edge
reference signals when the subband bandwidth is W compared with the reference
subband bandwidth, also referred to as an adjustment value of the subband bandwidth
W. Suppose that the number of subcarriers occupied by the edge reference signals
when the reference subband bandwidth is SMHz is N, and Ng.c= 2, the adjustment
value may be as shown in the following table:

[212] Table 2: A possible relationship between adjustment value and subband bandwidth



39

WO 2017/164639 PCT/KR2017/003056

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

Subband bandwidth 360kHz 540kHz 1.25MHz SMHz | 10MHz 20MHz

]
[
—t
o
'
—
'
b

Adjustment value

It can be seen that, taking SMHz as the reference subband bandwidth, the larger the
subband bandwidth, the fewer the subcarriers need to be occupied by the edge
reference signals; and the smaller the subband bandwidth, the more the subcarriers
need to be occupied by the edge reference signals.

The positions of the edge reference signals are relevant to the position of the
subband, i.e. the edge reference signals of adjacent subbands should be transmitted in
non-overlapping carrier symbols. The positions may be determined as follows:

a. determine an initial position of the edge reference signals of the UE (different
subbands have the same initial position); specifically, the initial position of edge
reference signals may be determined according to a manner similar as the CRS, CSI-
RS or UE-specific RS of LTE-A, and

b. calculate an offset T.q,.. compared with the initial position according to the center
frequency point of subband (the relative position of subband in the whole frequency
band) the offsetis O or 1.

Considering that services using different carrier modulation parameters usually adopt
a frequency division multiplexing manner, the center frequency of respective subband
is relatively fixed in a certain period of time. Therefore, the center frequency point f,
may be replaced by the number of subbands N, counted from edge of the whole
available frequency band, so as to determine the offset. The offset may be calculated

according to a following formula:

T

eage = mod(N,,2).

where offset T.q,. may be determined through performing a modulo-2 operation to N,

In other words, the method for determining the number of subcarriers N4, occupied
by the edge reference signals according to the received subband bandwidth includes:

Nsdge = NRsf — Nipdax (w); and/or, the determining the positions of the edge

reference signals according to the received subband center frequency point includes
determining the initial position of the edge reference signals of the UE, and calculating
the offset of the positions of the reference signal compared to the initial position

according to the center frequency point following

—_ y , wherein N,
sdge ~ mOd(Nco 2,): ¢

denotes the index of current subband counted from edge of system available frequency
band.
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[222]

[223]

[224]

[225]

[226]

[227]

The above are the embodiments of the signal transmitting and receiving methods in
the filtering-based carrier modulation system. This disclosure also provides a
transmitter and a receiver in the filtering-based carrier modulation system to
implement the transmitting and receiving methods mentioned above.

Specifically, a basic structure of the transmitter is as shown in FIG. 21 includes a
reference signal pattern transmission unit, a reference signal insertion unit and a signal
processing and transmission unit.

The reference signal pattern transmission unit is configured to determine a reference
signal pattern for each subband of an available frequency band of a system, and
transmitting reference signal pattern information to a receiver. The reference signal
insertion unit is configured to insert reference signals on corresponding time-frequency
resources according to the reference signal pattern of each subband, wherein the
reference signals are used for estimating a frequency domain response of an equivalent
channel consisting of a time domain filter and a physical channel from the transmitter
to the receiver. The signal processing and transmission unit is configured to perform a
carrier modulation and time domain filtering to data signals and the reference signals,
and combining and transmitting a processed signal of each subband.

A basic structure of the receiver is shown as FIG 22, including: a reference signal
pattern determination unit, a frequency domain receiving signal extraction unit, an
equivalent channel estimation unit and a signal detecting unit.

The reference signal pattern determination unit is configured to receive, from a
transmitter, reference signal pattern information corresponding to each subband of an
available frequency band in a system, and determine a reference signal pattern. The
frequency domain receiving signal extraction unit is configured to perform a carrier de-
modulation to a time domain receiving signal of each subband, and extract data signals
and reference signals according to the reference signal pattern of each subband. The
equivalent channel estimation unit is configured to estimate a frequency domain
response of an equivalent channel consisting of a time domain filter and a physical
channel from the transmitter to the receiver according to the reference signals. The
signal detecting unit is configured to detect the data signals of each subband according
to the frequency domain response of the equivalent channel of the subband.

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
intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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Claims

A signal transmission method by a transmitter for a filtering-based
carrier modulation system, the method comprising:

determining a reference signal pattern of each subband of an available
frequency band of a system, and transmitting reference signal pattern
information to a receiver;

inserting reference signals on corresponding time-frequency resources
according to the reference signal pattern of each subband;

processing a signal by performing a carrier modulation and time
domain filtering to data signals and the reference signals; and
transmitting the processed signal of each subband,

wherein the reference signals are used for estimating a frequency
domain response of an equivalent channel consisting of a time domain
filter and a physical channel from the transmitter to the receiver.

The method of claim 1, wherein:

in a frequency domain of the reference signal pattern determined by the
transmitter, edge reference signals are inserted discontinuously or con-
tinuously on M consecutive subcarriers at the edge of the subband; and
center reference signals are inserted discontinuously or continuously on
subcarriers of the subband except for the M consecutive subcarriers,
wherein the M is a natural number determined by a property of a time
domain filter of the subband, and a number of subcarriers between two
adjacent edge reference signals is smaller than a carrier threshold.

The method of claim 2, wherein:

for two adjacent subbands, the edge reference signals are not inserted
by a same carrier modulated symbol, and/or,

in a time domain of the reference signal pattern, the edge reference
signals are carried by discontinuous carrier modulated symbols;

the center reference signals are carried by discontinuous carrier
modulated symbols; and

when the carrier modulation and time domain filtering is performed to
the reference signals, the same carrier modulation and time domain
filtering as the data signals are performed to the edge reference signals
and the center reference signals.

The method of claim 2, wherein:

for adjacent subband 1 and subband 2, the edge reference signals of the

subband 1 and the subband 2 are carried by adjacent carrier modulated
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symbols;

for the subband 1, subcarriers adjacent to a guard band carried by a
carrier modulated symbol on which the subband 2 transmits the edge
reference signals are regarded as guard subcarriers; and

for the subband 2, subcarriers adjacent to a guard band carried by a
carrier modulated symbol on which the subband 1 transmits the edge
reference signals are regarded as guard subcarriers,

wherein the number of the guard subcarriers is pre-defined according to
a property of the time domain filter and/or a subband bandwidth, and/or
the number of the guard subcarriers is the same as the number of sub-
carriers occupied by the edge reference signals.

The method of claim 2,

wherein: if the transmitter is equipped with multiple transmission
antennas, the edge reference signals of different data layers are
transmitted via orthogonal resources, and the center reference signals of
different data layers are transmitted via orthogonal resources, wherein:
the orthogonal resources comprise orthogonal time resources, or-
thogonal frequency resources and/or orthogonal code sequences; and
the transmitting of the reference signal pattern information comprises:
transmitting reference signal pattern information corresponding to each
data layer, and indicating a relationship between the reference signal
pattern information and the data layers;

or

wherein: if the transmitter is equipped with multiple transmission
antennas, transmitting first edge reference signals and the center
reference signals of each data layer periodically; the first edge reference
signals of different data layers are transmitted via orthogonal resources,
and the center reference signals of different data layers are transmitted
via orthogonal resources, among the data layers periodically
transmitting first edge reference signals, selecting one data layer to
transmit second edge reference signals; the orthogonal resources
comprise orthogonal time resources, orthogonal frequency resources
and/or orthogonal code sequences; and the transmitting the reference
signal pattern information comprises: transmitting pattern information
of the first edge reference signals and the center reference signals corre-
sponding to each data layer; and indicating a relationship between the
pattern information and the data layers.

The method of claim 2, wherein:
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in the reference signal pattern, the center reference signals are carried
by a first carrier modulated symbol carrying the edge reference signals,
wherein the reference signals in the first carrier modulated symbol are
used for estimating the frequency domain response of the equivalent
channel;
in a second carrier modulated symbol carrying the center reference
signals but not the edge reference signals, a plurality of consecutive
subcarriers at the edge of the subband are not used for data
transmission, and the center reference signals in the second carrier
modulated symbol are used for estimating the frequency domain
response of the physical channel between the transmitter and the
receiver;
in carrier modulated symbols except for the first carrier modulated
symbol and the second carrier modulated symbol, demodulation
reference signals are carried by non-consecutive subcarriers within an
entire subband bandwidth, to estimate the frequency domain response
of the equivalent channel of the carrier modulated symbols;
when performing the carrier modulation and time domain filtering to
the reference signals, for the second carrier modulated symbol, the
carrier modulation is performed and the time domain filtering is not
performed;
for the other carrier modulated symbols, performing the carrier
modulation and time domain filtering; and
the number of subcarriers on which no data is transmitted is determined
according to the subband bandwidth.

[Claim 7] The method of claim 6, wherein:
if the transmitter is equipped with multiple transmission antennas, the
first carrier modulated symbol and the second carrier modulated
symbol are transmitted on one data layer;
on other data layers, no data is transmitted on the same time-frequency
resources used for the first carrier modulated symbol and the second
carrier modulated symbol;
the demodulation reference signals of different data layers are
transmitted via orthogonal resources;
the orthogonal resources comprise orthogonal time resources, or-
thogonal frequency resources and/or orthogonal code sequences;
the transmitting of the reference signal pattern information comprises:

transmitting pattern information of the first carrier modulated symbol
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and the second carrier modulated symbol, pattern information of the de-
modulation reference signals corresponding to each data layer, and a re-
lationship between the pattern information of the demodulation
reference signals and the data layers.

The method of claim 6, wherein: the transmitter inserts the first carrier
modulated symbol and the second carrier modulated symbol peri-
odically according to the reference signal pattern, and transmits an
insertion periodicity of the first carrier modulated symbol and second
carrier modulated symbol to the receiver while transmitting the
reference signal pattern information,

wherein the insertion periodicity is larger than a predefined threshold.
The method of claim 5, further comprising:

in response to receiving an aperiodic reference signal transmission
request from the receiver, or in response to determining that a current
channel quality is lower than a predefined threshold, transmitting by the
transmitter, aperiodic reference signals to the receiver,

wherein after receiving the aperiodic reference signal transmission
request, the transmitter transmits the aperiodic reference signals after a
preset time interval; and/or, before transmitting the aperiodic reference
signals, the transmitter transmits an indication signal indicating the
transmission of aperiodic reference signals.

The method of claim 2, wherein the transmitting of the reference signal
pattern information to the receiver comprises:

if a unique reference signal pattern is configured to a corresponding
subband bandwidth, transmitting the subband bandwidth as the
reference signal pattern information to the receiver;

if two or more reference signal patterns are configured to the corre-
sponding subband bandwidth, transmitting the subband bandwidth and
index information of the reference signal pattern to the receiver, or,
transmitting index information of the reference signal pattern to the
receiver as the reference signal pattern information, and/or, transmitting
positions of time-frequency resources of the reference signals in the
reference signal pattern to the receiver as the reference signal pattern
information; and/or,

if the edge reference signals of two adjacent subbands are not carried
by the same carrier modulated symbol, transmitting the subband
bandwidth and a center frequency point of the subband to the receiver

as the reference signal pattern information.
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A signal receiving method by a receiver for a filtering-based carrier
modulation system, the method comprising:

for each subband of an available frequency band of a system:

receiving reference signal pattern information from a transmitter, and
determining a reference signal pattern of each subband;

performing a carrier demodulation to a time domain receiving signal of
each subband,

extracting data signals and reference signals according to the reference
signal pattern of each subband,

estimating a frequency domain response of an equivalent channel
consisting of a time domain filter and a physical channel from the
transmitter to the receiver according to the reference signals; and
detecting the data signals of each subband according to the frequency
domain response of the equivalent channel of the subband.

The method of claim 11, further comprising determining the reference
signal pattern of each subband.

The method of claim 12, wherein the determining the reference signal
pattern of each subband comprises:

determining, if a unique reference signal pattern is configured to a cor-
responding subband bandwidth, and the reference signal pattern in-
formation is the subband bandwidth, the reference signal pattern
according to the subband bandwidth;

if two or more reference signal patterns are configured to the corre-
sponding subband bandwidth, and the reference signal pattern in-
formation comprises the subband bandwidth and index information of
the reference signal pattern,

determining the reference signal pattern among the two or more
reference signal patterns corresponding to the subband bandwidth
according to the index information of the reference signal pattern; and/
or, the reference signal pattern information comprises the subband
bandwidth and a center frequency point of the subband; and
determining a number of subcarriers occupied by edge reference signals
according to the subband bandwidth, and determining positions of the
edge reference signals according to a subband center frequency point.
A transmitter in filtering-based carrier modulation system, comprising:
a reference signal pattern transmission unit configured to: determine a
reference signal pattern for each subband of an available frequency

band of a system; and transmit reference signal pattern information to a
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receiver;

a reference signal insertion unit configured to insert reference signals
on corresponding time-frequency resources according to the reference
signal pattern of each subband, wherein the reference signals are used
for estimating a frequency domain response of an equivalent channel
consisting of a time domain filter and a physical channel from the
transmitter to the receiver; and

a signal processing and transmission unit configured to perform a
carrier modulation and time domain filtering to data signals and the
reference signals, and combining and transmitting a processed signal of
each subband.

A receiver in filtering-based carrier modulation system, comprising:

a reference signal pattern determination unit configured to receive from
a transmitter reference signal pattern information corresponding to each
subband of an available frequency band in a system; and determine a
reference signal pattern,

a frequency domain receiving signal extraction unit configured to:
perform a carrier demodulation to a time domain receiving signal of
each subband; and extract data signals and reference signals according
to the reference signal pattern of each subband;

an equivalent channel estimation unit configured to estimate a
frequency domain response of an equivalent channel consisting of a
time domain filter and a physical channel from the transmitter to the
receiver according to the reference signals; and

a signal detection unit configured to detect the data signals of each
subband according to the frequency domain response of the equivalent
channel of the subband.
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a transmitter determines a reference signal pattern for each /_5/[]1
sub-band of an available frequency band in a system, and
transmits reference signal pattern information to a receiver

Y

the transmitter inserts reference signals on corresponding jﬂz
time-frequency resources according to the reference signal
pattern of each sub-band

Y

Perform carrier modulation and time domain filtering to the jﬂ3
data signals and the reference signals, and transmit a
processed signal of each sub-band
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For each sub-band of an available frequency band in
filtered carrier modulation system, @ receiver receives
reference signal pattern information from a transmitter, and
determines a corresponding reference signal pattern

Y

The receiver performs a carrier demodulation to time
domain receiving signal of each sub-band, and extracts
data signals and reference signals according to the
reference signal pattern of each sub-band

Y

The receiver estimates a frequency domain response of an
equivalent channel consisting of a time domain filter and a
physical channel from the transmitter to the receiver
according to the reference signals
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[Fig. 11]
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[Fig. 19]
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[Fig. 21]
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[Fig. 22]
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