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MULTIPLE ACCESS IN BACKSCATTER
COMMUNICATION SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of pct interna-
tional patent application no. PCT/CN2021/088542 filed Apr.
20, 2021, which is hereby incorporated by reference.

FIELD

[0002] The application relates to wireless communications
generally, and more specifically to backscatter communica-
tion systems.

BACKGROUND

[0003] Backscatter communication systems have been
proposed as a transmission technique for low-cost devices
and find many applications in internet of things (IoT),
industrial IoT, farm environment, smart homes etc. In a
regular device, information bits are modulated to constella-
tion symbols and such modulated symbols are carried by a
carrier signal generated at the transmitting device. As such,
the modulated symbols are passed through waveform related
operations and transmitting devices can support waveforms
such as cyclic prefix-orthogonal frequency division multi-
plexing (CP-OFDM), discrete Fourier transform-spread-
OFDM (DFT-s-OFDM). These waveforms are produced or
passed through one or more blocks such as an amplifier,
digital-to-analog conversion (DAC), filters (e.g. low-pass
and band-pass filters), and up-conversion to generate a radio
frequency (RF) signal for emission by the device antennas.
Most of these blocks consume power from the device,
usually made available by a battery supply. As such the
devices are considered active devices which means that the
signal emitted from the device is being generated within the
device by using circuits/components and integrated circuits
(ICs) that are powered by an internal power supply. Such a
device has the flexibility to generate a signal within the
operating frequency band. For example, a user equipment
(UE) that supports New Radio (NR)/Long Term Evolution
(LTE), operating in 10 MHz carrier, that is assigned a
bandwidth part (BWP) within the carrier, can generate a
signal based on the BWP configuration. The BWP configu-
ration may be received by the UE from a base station
(BS)/gNodeB. Control signaling (for example, received
through physical downlink control channel (PDCCH)) pro-
vides the required signaling information regarding the signal
generation. A UE may support multiple signaling mecha-
nisms such downlink control information (DCI), radio
resource control (RRC), MAC-CE (medium access control-
control element).

[0004] Unlike the regular UE device described above
which can be considered an active device, a backscatter
device is a limited capability device which cannot generate
its own carrier signal bearing the information signal. A
backscatter device may not require one or more of devices/
components such as power amplifier, D/A converters, up-
converters which are used by active devices. Because a
backscatter device utilizes an external carrier signal to
modulate its data, it can be considered a passive device from
a carrier signal generation point of view. As a result, a
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backscatter device can be low-cost and can operate with low
power consumption, at least in comparison to an active
device.

SUMMARY

[0005] A backscatter transmission scheme is provided in
which a carrier signal is transmitted by a carrier communi-
cation device discontinuously as carrier signal bursts. The
carrier signal, while it is on, is divided into carrier time
segments. Hach carrier time segment has a specified time
offset from the beginning, also referred to as a start time, of
the carrier signal burst. The different carrier time segments
represent different times that backscatter devices can make
backscatter transmissions. In addition, in some embodi-
ments, a set of frequencies are available for backscatter
transmission. The set of frequencies includes the carrier
frequency and a set of frequencies with respective frequency
shifts relative to the carrier frequency. In addition, in some
embodiments, a set of spreading (which may be sparse or
non-sparse spreading) and/or scrambling codes are available
for backscatter transmission. The combination of a specific
carrier time segment, a specific frequency shift and a specific
spreading/scrambling code, when used, together constitutes
a specific backscatter transmission opportunity, also referred
to herein as a transmission unit (TU) and a backscatter
transmission channel.

[0006] FEach backscatter device transmits using a pre-
assigned backscatter transmission opportunity, such that it
transmits during a pre-assigned carrier time segment, using
a pre-assigned frequency shift from the received carrier
signal frequency. In embodiments that include spreading or
scrambling, each backscatter device transmits a pre-assigned
spreading or scrambling code.

[0007] In some embodiments, where linear or non-linear
spreading and/or scrambling is performed, the alphabet of
the spread/scrambled symbol sequence is restricted to the
constellation symbol alphabet. This is referred to herein as
restricted symbol spreading/scrambling. An advantage of
this approach is that spreading/scrambling can be accom-
modated without increasing the number of impedances in a
load modulator.

[0008] According to one aspect of the present disclosure,
there is provided a method that involves a backscatter device
receiving a carrier signal from a carrier communication
device. The carrier signal has a start time. The backscatter
device produces a backscatter carrier signal from the
received carrier signal. At a time offset relative to the start
time, the backscatter device generates a backscattered signal
by modulating data using the backscatter carrier signal and
transmits the backscattered signal using a transmission
resource. The time offset is predefined and at least in part
defines a time segment of the transmission resource.
[0009] An advantage of this approach is that by using
predefined time offsets, the likelihood of backscatter trans-
mission collision is reduced, and no signalling is required to
dynamically convey the preassigned offsets.

[0010] In some embodiments, the backscatter device pro-
duces a backscatter carrier signal from the received carrier
signal by applying a frequency shift to the received carrier
signal, the frequency shift being one of a set of possible
frequency shifts. The set of possible frequency shifts
includes a zero frequency shift. The frequency shift is
predefined and at least in part defines the transmission
resource.
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[0011] An advantage of this approach is that by using
preassigned time offsets and also a predefined frequency
shift, the likelihood of backscatter transmission collision is
reduced, and no signalling is required to dynamically con-
vey the preassigned offsets.

[0012] In some embodiments, modulating data involves
performing load modulation.

[0013] In some embodiments, generating the backscat-
tered signal involves performing scrambling of symbols
output by the modulating data using a scrambling sequence.
A symbol alphabet of symbols output by scrambling is the
same as a symbol alphabet of symbols output of said
modulating data. The scrambling sequence is predefined and
at least in part defines the transmission resource to be used
by the backscatter device.

[0014] Insome embodiments, the modulating data and the
scrambling are performed in a single step using a load
modulator.

[0015] An advantage of using scrambling is that the
scrambling randomizes interference improving the data
detection, demodulation and decoding performance, in that
the number of backscatter transmission opportunities is
increased. An advantage of restricting the symbol output of
scrambling to be the same as the output of modulation is that
no addition complexity is added in the modulation stage. For
example, the number of impedances in a load modulator
need not be increased due to the inclusion of the scrambling
step.

[0016] In some embodiments, generating the backscat-
tered signal involves performing spreading of symbols out-
put by said modulating data using a spreading sequence. A
symbol alphabet of symbols output by spreading is the same
as a symbol alphabet of symbols output by modulating data.
The spreading sequence is predefined and at least in part
defines the transmission resource.

[0017] An advantage of using spreading is that spreading
allows multi-user separation using a spreading sequence, in
that the number of backscatter transmission opportunities is
increased. An advantage of restricting the symbol output of
spreading to be the same as the output of modulation is that
no addition complexity is added in the modulation stage. For
example, the number of impedances in a load modulator
need not be increased due to the inclusion of the spreading
step.

[0018] In some embodiments, the modulating and the
spreading are performed in a single step using a load
modulator.

[0019] In some embodiments, the method of further
involves the backscatter device using a resistive impedance
in the load modulation to generate a zero output to achieve
sparse spreading in the output of load modulation.

[0020] An advantage of this approach is that sparse
spreading is introduced with only a very small increase in
complexity, namely the introduction of a single resistive
impedance. The inclusion of sparse spreading also helps
interference control and hence better detection, demodula-
tion, data decoding under backscatter transmissions colli-
sions.

[0021] In some embodiments, the method of further
involves the backscatter device performing charging of a
battery of the backscatter device using the received carrier
signal during a time that does not overlap with the time
segment of the transmission resource.
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[0022] An advantage of this approach is that very simple
backscatter devices can be implemented that are able to
charge and transmit, but need not be able to charge and
transmit at the same time. With this approach, there is no
overlap between the two tasks.

[0023] In some embodiments, the method of further
involves the backscatter device performing data reception
using the received carrier signal during a time that does not
overlap with the time segment of the transmission resource.
[0024] According to another aspect of the present disclo-
sure, there is provided an apparatus that has a processor and
a memory. The apparatus is configured to implement a
method that involves receiving a carrier signal from a carrier
communication device, the carrier signal having a start time.
The method further involves producing a backscatter carrier
signal from the received carrier signal. The method further
involves at a time offset relative to the start time, generating
a backscattered signal by modulating data using the backs-
catter carrier signal, and transmitting the backscattered sig-
nal using a transmission resource. The time offset is pre-
defined and at least in part defines a time segment of the
transmission resource.

[0025] In some embodiments, producing a backscatter
carrier signal from the received carrier signal involves
applying a frequency shift to the received carrier signal, the
frequency shift being one of a set of possible frequency
shifts. The set of possible frequency shifts includes a zero
frequency shift i.e., the backscattered signal and received
carrier signal are in the same frequency. The frequency shift
is predefined and at least in part defines the transmission
resource.

[0026] In some embodiments, the apparatus has a load
modulator. In this case, modulating the data is performed
using the load modulator.

[0027] In some embodiments, generating the backscat-
tered signal involves performing scrambling of symbols
output by said modulating data using a scrambling sequence.
A symbol alphabet of symbols output by scrambling is the
same as a symbol alphabet of symbols output of said
modulating data. The scrambling sequence is predefined.
[0028] In some embodiments, the apparatus has a load
modulator, and the modulating data and the scrambling are
performed in a single step using the load modulator.
[0029] In some embodiments, generating the backscat-
tered signal involves performing spreading of symbols out-
put by said modulating data using a spreading sequence. A
symbol alphabet of symbols output by spreading is the same
as a symbol alphabet of symbols output by modulating data.
The spreading sequence is predefined.

[0030] In some embodiments, the apparatus has a load
modulator, and the modulating and the spreading are per-
formed in a single step using the load modulator.

[0031] In some embodiments, the apparatus is further
configured to perform sparse spreading by using a resistive
impedance in the load modulation to generate a zero output
to achieve sparse spreading in the output of the load modu-
lator.

[0032] In some embodiments, the apparatus is further
configured to perform charging of a battery of the backs-
catter device using the received carrier signal during a time
that does not overlap with the time segment of the trans-
mission resource.

[0033] In some embodiments, the apparatus is further
configured to perform data reception using the received
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carrier during a time that does not overlap with the time
segment of the transmission resource.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Embodiments of the disclosure will now be
described with reference to the attached drawings in which:
[0035] FIG. 1A is a block diagram of a communication
system,
[0036]
system,
[0037] FIG. 1C is a block diagram of a communication
system showing a basic component structure of an electronic
device (ED) and a base station;

[0038] FIG. 1D is a block diagram of modules that may be
used to implement or perform one or more of the steps of
embodiments of the application;

[0039] FIG. 1E is a system block diagram for bistatic
backscatter communications;

[0040] FIG. 2 shows an example of backscatter carrier
frequency shift;

[0041] FIG. 3A is a block diagram of an example backs-
catter device;

[0042] FIG. 3B is a block diagram of another example
backscatter device;

[0043] FIG. 4 is an example of a pre-assigned resource
grid for backscatter multiple-access communication;
[0044] FIG. 5 is a block diagram of a load modulator that
has the ability to support sparse sequence generation;
[0045] FIG. 6 depicts two examples of load modulation
constellations with the ability to support sparse sequence
generation;

[0046] FIG. 7 is another example of a pre-assigned
resource grid for backscatter multiple-access communica-
tion;

[0047] FIG. 8 shows an example of backscatter device
frequency band groups;

FIG. 1B is a block diagram of a communication

[0048] FIG. 9 shows an example of inter backscatter burst
gap;
[0049] FIG. 10 shows an example of a periodic or semi-

persistent burst set;

[0050] FIG. 11 shows an example of an aperiodic burst set;
[0051] FIG. 12 shows an example of a burst set with bursts
of differing durations;

[0052] FIG. 13 is another example of a pre-assigned
resource grid for backscatter multiple-access communica-
tion;

[0053] FIG. 14 shows an example of the use of a guard
period to assist with interference mitigation;

[0054] FIG. 15 is a signaling diagram for bistatic backs-
catter communication;

[0055] FIG. 16 is a signaling diagram for ambient back-
scatter communication; and

[0056] FIG. 17 is a signaling diagram for monostatic
backscatter communication.

DETAILED DESCRIPTION

[0057] The operation of the current example embodiments
and the structure thereof are discussed in detail below. It
should be appreciated, however, that the present disclosure
provides many applicable inventive concepts that can be
embodied in any of a wide variety of specific contexts. The
specific embodiments discussed are merely illustrative of
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specific structures of the disclosure and ways to operate the
disclosure, and do not limit the scope of the present disclo-
sure.

[0058] Referring to FIG. 1A, as an illustrative example
without limitation, a simplified schematic illustration of a
communication system is provided. The communication
system 100 comprises a radio access network 120. The radio
access network 120 may be a next generation (e.g. sixth
generation (6G) or later) radio access network, or a legacy
(e.g. 5G, 4G, 3G or 2G) radio access network. One or more
communication electric device (ED) 110a-120; (generically
referred to as 110) may be interconnected to one another or
connected to one or more network nodes (170a, 1705,
generically referred to as 170) in the radio access network
120. A core network 130 may be a part of the communication
system and may be dependent or independent of the radio
access technology used in the communication system 100.
Also the communication system 100 comprises a public
switched telephone network (PSTN) 140, the internet 150,
and other networks 160. Also shown is a backscatter device
(BD) 161 which receives a carrier from network node 170a,
and transmits a backscattered signal that is received by ED
110a. FIG. 3 described below is a block diagram of an
example backscatter device. The backscatter device 161
transmits a backscattered signal using a preassigned
resource as described in detail below. In some embodiments,
the network node 170q is configured to transmit a carrier or
carriers for use with a pre-assigned resource grid for back-
scatter multiple access communication, as detailed below. In
the illustrated example, an ED 110a is the receiver of the
backscatter signal, but any node in the network can function
as such. In the illustrated example, the network node 170a
functions as the carrier communication device, and emits a
carrier for use by the backscatter device. More generally, the
carrier communication device can be any node that transmits
a carrier, and is external to the backscatter device 161.

[0059] FIG. 1B illustrates an example communication
system 100. In general, the communication system 100
enables multiple wireless or wired elements to communicate
data and other content. The purpose of the communication
system 100 may be to provide content, such as voice, data,
video, and/or text, via broadcast, multicast and unicast, etc.
The communication system 100 may operate by sharing
resources, such as carrier spectrum bandwidth, between its
constituent elements. The communication system 100 may
include a terrestrial communication system and/or a non-
terrestrial communication system. The communication sys-
tem 100 may provide a wide range of communication
services and applications (such as earth monitoring, remote
sensing, passive sensing and positioning, navigation and
tracking, autonomous delivery and mobility, etc.). The com-
munication system 100 may provide a high degree of
availability and robustness through a joint operation of the
terrestrial communication system and the non-terrestrial
communication system. For example, integrating a non-
terrestrial communication system (or components thereof)
into a terrestrial communication system can result in what
may be considered a heterogeneous network comprising
multiple layers. Compared to conventional communication
networks, the heterogeneous network may achieve better
overall performance through efficient multi-link joint opera-
tion, more flexible functionality sharing, and faster physical
layer link switching between terrestrial networks and non-
terrestrial networks.
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[0060] The terrestrial communication system and the non-
terrestrial communication system could be considered sub-
systems of the communication system. In the example
shown, the communication system 100 includes electronic
devices (ED) 110a-110d (generically referred to as ED 110),
radio access networks (RANs) 120a-1205, non-terrestrial
communication network 120c, a core network 130, a public
switched telephone network (PSTN) 140, the internet 150,
and other networks 160. The RANs 1204-1204 include
respective base stations (BSs) 170a-1705, which may be
generically referred to as terrestrial transmit and receive
points (T-TRPs) 170a-1705. The non-terrestrial communi-
cation network 120c¢ includes an access node 120¢, which
may be generically referred to as a non-terrestrial transmit
and receive point (NT-TRP) 172.

[0061] Any ED 110 may be alternatively or additionally
configured to interface, access, or communicate with any
other T-TRP 170a-1705 and NT-TRP 172, the internet 150,
the core network 130, the PSTN 140, the other networks
160, or any combination of the preceding. In some
examples, ED 110a¢ may communicate an uplink and/or
downlink transmission over an interface 190a with T-TRP
170a. In some examples, the EDs 110a, 1105 and 1104 may
also communicate directly with one another via one or more
sidelink air interfaces 1905. In some examples, ED 1104
may communicate an uplink and/or downlink transmission
over an interface 190¢ with NT-TRP 172.

[0062] The air interfaces 190a and 1905 may use similar
communication technology, such as any suitable radio
access technology. For example, the communication system
100 may implement one or more channel access methods,
such as code division multiple access (CDMA), time divi-
sion multiple access (TDMA), frequency division multiple
access (FDMA), orthogonal FDMA (OFDMA), or single-
carrier FDMA (SC-FDMA) in the air interfaces 190a and
1905. The air interfaces 190a and 1905 may utilize other
higher dimension signal spaces, which may involve a com-
bination of orthogonal and/or non-orthogonal dimensions.
[0063] The air interface 190c¢ can enable communication
between the ED 1104 and one or multiple NT-TRPs 172 via
a wireless link or simply a link. For some examples, the link
is a dedicated connection for unicast transmission, a con-
nection for broadcast transmission, or a connection between
a group of EDs and one or multiple NT-TRPs for multicast
transmission.

[0064] The RANs 120a and 1204 are in communication
with the core network 130 to provide the EDs 110a 1105,
and 110c¢ with various services such as voice, data, and other
services. The RANs 120a and 1205 and/or the core network
130 may be in direct or indirect communication with one or
more other RANs (not shown), which may or may not be
directly served by core network 130, and may or may not
employ the same radio access technology as RAN 120aq,
RAN 1205 or both. The core network 130 may also serve as
a gateway access between (i) the RANs 120aq and 12056 or
EDs 110a 1105, and 110¢ or both, and (ii) other networks
(such as the PSTN 140, the internet 150, and the other
networks 160). In addition, some or all of the EDs 110a
1105, and 110c¢ may include functionality for communicat-
ing with different wireless networks over different wireless
links using different wireless technologies and/or protocols.
Instead of wireless communication (or in addition thereto),
the EDs 110a 1105, and 110¢ may communicate via wired
communication channels to a service provider or switch (not

May 2, 2024

shown), and to the internet 150. PSTN 140 may include
circuit switched telephone networks for providing plain old
telephone service (POTS). Internet 150 may include a net-
work of computers and subnets (intranets) or both, and
incorporate protocols, such as Internet Protocol (IP), Trans-
mission Control Protocol (TCP), User Datagram Protocol
(UDP). EDs 1104 1105, and 110¢ may be multimode devices
capable of operation according to multiple radio access
technologies, and incorporate multiple transceivers neces-
sary to support such.

[0065] FIG. 1C illustrates another example of an ED 110
and a base station 170a, 1705 and/or 170c. The ED 110 is
used to connect persons, objects, machines, etc. The ED 110
may be widely used in various scenarios, for example,
cellular communications, device-to-device (D2D), vehicle
to everything (V2X), peer-to-peer (P2P), machine-to-ma-
chine (M2M), machine-type communications (MTC), inter-
net of things (I0T), virtual reality (VR), augmented reality
(AR), industrial control, self-driving, remote medical, smart
grid, smart furniture, smart office, smart wearable, smart
transportation, smart city, drones, robots, remote sensing,
passive sensing, positioning, navigation and tracking,
autonomous delivery and mobility, etc.

[0066] Each ED 110 represents any suitable end user
device for wireless operation and may include such devices
(or may be referred to) as a user equipment/device (UE), a
wireless transmit/receive unit (WTRU), a mobile station, a
fixed or mobile subscriber unit, a cellular telephone, a
station (STA), a machine type communication (MTC)
device, a personal digital assistant (PDA), a smartphone, a
laptop, a computer, a tablet, a wireless sensor, a consumer
electronics device, a smart book, a vehicle, a car, a truck, a
bus, a train, or an IoT device, an industrial device, or
apparatus (e.g. communication module, modem, or chip) in
the forgoing devices, among other possibilities. Future gen-
eration EDs 110 may be referred to using other terms. The
base station 170a and 1705 is a T-TRP and will hereafter be
referred to as T-TRP 170. Also shown in FIG. 3, a NT-TRP
will hereafter be referred to as NT-TRP 172. Each ED 110
connected to T-TRP 170 and/or NT-TRP 172 can be dynami-
cally or semi-statically turned-on (i.e., established, acti-
vated, or enabled), turned-off (i.e., released, deactivated, or
disabled) and/or configured in response to one of more of:
connection availability and connection necessity.

[0067] The ED 110 includes a transmitter 201 and a
receiver 203 coupled to one or more antennas 204. Only one
antenna 204 is illustrated. One, some, or all of the antennas
may alternatively be panels. The transmitter 201 and the
receiver 203 may be integrated, e.g. as a transceiver. The
transceiver is configured to modulate data or other content
for transmission by at least one antenna 204 or network
interface controller (NIC). The transceiver is also configured
to demodulate data or other content received by the at least
one antenna 204. Each transceiver includes any suitable
structure for generating signals for wireless or wired trans-
mission and/or processing signals received wirelessly or by
wire. Each antenna 204 includes any suitable structure for
transmitting and/or receiving wireless or wired signals.
[0068] The ED 110 includes at least one memory 208. The
memory 208 stores instructions and data used, generated, or
collected by the ED 110. For example, the memory 208
could store software instructions or modules configured to
implement some or all of the functionality and/or embodi-
ments described herein and that are executed by the pro-
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cessing unit(s) 210. Each memory 208 includes any suitable
volatile and/or non-volatile storage and retrieval device(s).
Any suitable type of memory may be used, such as random
access memory (RAM), read only memory (ROM), hard
disk, optical disc, subscriber identity module (SIM) card,
memory stick, secure digital (SD) memory card, on-proces-
sor cache, and the like.

[0069] The ED 110 may further include one or more
input/output devices (not shown) or interfaces (such as a
wired interface to the internet 150 in FIG. 1). The input/
output devices permit interaction with a user or other
devices in the network. Each input/output device includes
any suitable structure for providing information to or receiv-
ing information from a user, such as a speaker, microphone,
keypad, keyboard, display, or touch screen, including net-
work interface communications.

[0070] The ED 110 further includes a processor 210 for
performing operations including those related to preparing a
transmission for uplink transmission to the NT-TRP 172
and/or T-TRP 170, those related to processing downlink
transmissions received from the NT-TRP 172 and/or T-TRP
170, and those related to processing sidelink transmission to
and from another ED 110. Processing operations related to
preparing a transmission for uplink transmission may
include operations such as encoding, modulating, transmit
beamforming, and generating symbols for transmission.
Processing operations related to processing downlink trans-
missions may include operations such as receive beamform-
ing, demodulating and decoding received symbols. Depend-
ing upon the embodiment, a downlink transmission may be
received by the receiver 203, possibly using receive beam-
forming, and the processor 210 may extract signaling from
the downlink transmission (e.g. by detecting and/or decod-
ing the signaling). An example of signaling may be a
reference signal transmitted by NT-TRP 172 and/or T-TRP
170. In some embodiments, the processor 276 implements
the transmit beamforming and/or receive beamforming
based on the indication of beam direction, e.g. beam angle
information (BAI), received from T-TRP 170. In some
embodiments, the processor 210 may perform operations
relating to network access (e.g. initial access) and/or down-
link synchronization, such as operations relating to detecting
a synchronization sequence, decoding and obtaining the
system information, etc. In some embodiments, the proces-
sor 210 may perform channel estimation, e.g. using a
reference signal received from the NT-TRP 172 and/or
T-TRP 170.

[0071] Although not illustrated, the processor 210 may
form part of the transmitter 201 and/or receiver 203.
Although not illustrated, the memory 208 may form part of
the processor 210.

[0072] The processor 210, and the processing components
of the transmitter 201 and receiver 203 may each be imple-
mented by the same or different one or more processors that
are configured to execute instructions stored in a memory
(e.g. in memory 208). Alternatively, some or all of the
processor 210, and the processing components of the trans-
mitter 201 and receiver 203 may be implemented using
dedicated circuitry, such as a programmed field-program-
mable gate array (FPGA), a graphical processing unit
(GPU), or an application-specific integrated circuit (ASIC).
[0073] The T-TRP 170 may be known by other names in
some implementations, such as a base station, a base trans-
ceiver station (BTS), a radio base station, a network node, a
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network device, a device on the network side, a transmit/
receive node, a Node B, an evolved NodeB (eNodeB or
eNB), a Home eNodeB, a next Generation NodeB (gNB), a
transmission point (TP)), a site controller, an access point
(AP), or a wireless router, a relay station, a remote radio
head, a terrestrial node, a terrestrial network device, or a
terrestrial base station, base band unit (BBU), remote radio
unit (RRU), active antenna unit (AAU), remote radio head
(RRH), central unit (CU), distribute unit (DU), positioning
node, among other possibilities. The T-TRP 170 may be
macro BSs, pico BSs, relay node, donor node, or the like, or
combinations thereof. The T-TRP 170 may refer to the
forging devices or apparatus (e.g. communication module,
modem, or chip) in the forgoing devices.

[0074] In some embodiments, the parts of the T-TRP 170
may be distributed. For example, some of the modules of the
T-TRP 170 may be located remote from the equipment
housing the antennas of the T-TRP 170, and may be coupled
to the equipment housing the antennas over a communica-
tion link (not shown) sometimes known as front haul, such
as common public radio interface (CPRI). Therefore, in
some embodiments, the term T-TRP 170 may also refer to
modules on the network side that perform processing opera-
tions, such as determining the location of the ED 110,
resource allocation (scheduling), message generation, and
encoding/decoding, and that are not necessarily part of the
equipment housing the antennas of the T-TRP 170. The
modules may also be coupled to other T-TRPs. In some
embodiments, the T-TRP 170 may actually be a plurality of
T-TRPs that are operating together to serve the ED 110, e.g.
through coordinated multipoint transmissions.

[0075] The T-TRP 170 includes at least one transmitter
252 and at least one receiver 254 coupled to one or more
antennas 256. Only one antenna 256 is illustrated. One,
some, or all of the antennas may alternatively be panels. The
transmitter 252 and the receiver 254 may be integrated as a
transceiver. The T-TRP 170 further includes a processor 260
for performing operations including those related to: pre-
paring a transmission for downlink transmission to the ED
110, processing an uplink transmission received from the
ED 110, preparing a transmission for backhaul transmission
to NT-TRP 172, and processing a transmission received over
backhaul from the NT-TRP 172. Processing operations
related to preparing a transmission for downlink or backhaul
transmission may include operations such as encoding,
modulating, precoding (e.g. MIMO precoding), transmit
beamforming, and generating symbols for transmission.
Processing operations related to processing received trans-
missions in the uplink or over backhaul may include opera-
tions such as receive beamforming, and demodulating and
decoding received symbols. The processor 260 may also
perform operations relating to network access (e.g. initial
access) and/or downlink synchronization, such as generating
the content of synchronization signal blocks (SSBs), gener-
ating the system information, etc. In some embodiments, the
processor 260 also generates the indication of beam direc-
tion, e.g. BAIL, which may be scheduled for transmission by
scheduler 253. The processor 260 performs other network-
side processing operations described herein, such as deter-
mining the location of the ED 110, determining where to
deploy NT-TRP 172, etc. In some embodiments, the pro-
cessor 260 may generate signaling, e.g. to configure one or
more parameters of the ED 110 and/or one or more param-
eters of the NT-TRP 172. Any signaling generated by the
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processor 260 is sent by the transmitter 252. Note that
“signaling”, as used herein, may alternatively be called
control signaling. Dynamic signaling may be transmitted in
a control channel, e.g. a physical downlink control channel
(PDCCH), and static or semi-static higher layer signaling
may be included in a packet transmitted in a data channel,
e.g. in a physical downlink shared channel (PDSCH).
[0076] A scheduler 253 may be coupled to the processor
260. The scheduler 253 may be included within or operated
separately from the T-TRP 170, which may schedule uplink,
downlink, and/or backhaul transmissions, including issuing
scheduling grants and/or configuring scheduling-free (“con-
figured grant”) resources. The T-TRP 170 further includes a
memory 258 for storing information and data. The memory
258 stores instructions and data used, generated, or collected
by the T-TRP 170. For example, the memory 258 could store
software instructions or modules configured to implement
some or all of the functionality and/or embodiments
described herein and that are executed by the processor 260.
[0077] Although not illustrated, the processor 260 may
form part of the transmitter 252 and/or receiver 254. Also,
although not illustrated, the processor 260 may implement
the scheduler 253. Although not illustrated, the memory 258
may form part of the processor 260.

[0078] The processor 260, the scheduler 253, and the
processing components of the transmitter 252 and receiver
254 may each be implemented by the same or different one
or more processors that are configured to execute instruc-
tions stored in a memory, e.g. in memory 258. Alternatively,
some or all of the processor 260, the scheduler 253, and the
processing components of the transmitter 252 and receiver
254 may be implemented using dedicated circuitry, such as
a FPGA, a GPU, or an ASIC.

[0079] Although the NT-TRP 172 is illustrated as a drone
only as an example, the NT-TRP 172 may be implemented
in any suitable non-terrestrial form. Also, the NT-TRP 172
may be known by other names in some implementations,
such as a non-terrestrial node, a non-terrestrial network
device, or a non-terrestrial base station. The NT-TRP 172
includes a transmitter 272 and a receiver 274 coupled to one
or more antennas 280. Only one antenna 280 is illustrated.
One, some, or all of the antennas may alternatively be
panels. The transmitter 272 and the receiver 274 may be
integrated as a transceiver. The NT-TRP 172 further includes
a processor 276 for performing operations including those
related to: preparing a transmission for downlink transmis-
sion to the ED 110, processing an uplink transmission
received from the ED 110, preparing a transmission for
backhaul transmission to T-TRP 170, and processing a
transmission received over backhaul from the T-TRP 170.
Processing operations related to preparing a transmission for
downlink or backhaul transmission may include operations
such as encoding, modulating, precoding (e.g. MIMO pre-
coding), transmit beamforming, and generating symbols for
transmission. Processing operations related to processing
received transmissions in the uplink or over backhaul may
include operations such as receive beamforming, and
demodulating and decoding received symbols. In some
embodiments, the processor 276 implements the transmit
beamforming and/or receive beamforming based on beam
direction information (e.g. BAI) received from T-TRP 170.
In some embodiments, the processor 276 may generate
signaling, e.g. to configure one or more parameters of the
ED 110. In some embodiments, the NT-TRP 172 implements
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physical layer processing, but does not implement higher
layer functions such as functions at the medium access
control (MAC) or radio link control (RLC) layer. As this is
only an example, more generally, the NT-TRP 172 may
implement higher layer functions in addition to physical
layer processing.

[0080] The NT-TRP 172 further includes a memory 278
for storing information and data. Although not illustrated,
the processor 276 may form part of the transmitter 272
and/or receiver 274. Although not illustrated, the memory
278 may form part of the processor 276.

[0081] The processor 276 and the processing components
of the transmitter 272 and receiver 274 may each be imple-
mented by the same or different one or more processors that
are configured to execute instructions stored in a memory,
e.g. in memory 278. Alternatively, some or all of the
processor 276 and the processing components of the trans-
mitter 272 and receiver 274 may be implemented using
dedicated circuitry, such as a programmed FPGA, a GPU, or
an ASIC. In some embodiments, the NT-TRP 172 may
actually be a plurality of NT-TRPs that are operating
together to serve the ED 110, e.g. through coordinated
multipoint transmissions.

[0082] The T-TRP 170, the NT-TRP 172, and/or the ED
110 may include other components, but these have been
omitted for the sake of clarity.

[0083] One or more steps of the embodiment methods
provided herein may be performed by corresponding units or
modules, according to FIG. 1D. FIG. 1D illustrates units or
modules in a device, such as in ED 110, in T-TRP 170, or in
NT-TRP 172. For example, a signal may be transmitted by
a transmitting unit or a transmitting module. For example, a
signal may be transmitted by a transmitting unit or a
transmitting module. A signal may be received by a receiv-
ing unit or a receiving module. A signal may be processed
by a processing unit or a processing module. Other steps
may be performed by an artificial intelligence (Al) or
machine learning (ML) module. The respective units or
modules may be implemented using hardware, one or more
components or devices that execute software, or a combi-
nation thereof. For instance, one or more of the units or
modules may be an integrated circuit, such as a programmed
FPGA, a GPU, or an ASIC. It will be appreciated that where
the modules are implemented using software for execution
by a processor for example, they may be retrieved by a
processor, in whole or part as needed, individually or
together for processing, in single or multiple instances, and
that the modules themselves may include instructions for
further deployment and instantiation.

[0084] Additional details regarding the EDs 110, T-TRP
170, and NT-TRP 172 are known to those of skill in the art.
As such, these details are omitted here.

[0085] A typical configuration for backscatter communi-
cation is depicted in FIG. 1E. Shown is a carrier commu-
nication device 300, a backscatter device 302, and a back-
scatter receiver 304. The carrier communication device 300
produces a carrier signal 306 which is received by the
backscatter device 302. The backscatter device 302 uses the
carrier signal 306 to modulate its own data and to generate
and transmit a backscattered signal 308 for receipt by the
backscatter receiver 304. The backscatter receiver 304 upon
receiving the backscattered signal demodulates and decodes
the backscatter device data.
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[0086] In a legacy system, such as a UE in NR/LTE, data
and the carrier signal originate from the same device
whereas in a backscatter system, the carrier signal and data
are from two separate nodes/devices in the communication
system. When a dedicated carrier communication device
generates a carrier signal for backscatter devices, such as is
the case for the example of FIG. 1E, such systems are called
bistatic backscatter systems. Alternatively, the backscatter
device can backscatter using an ambient RF signal such as
a Wifi/LTE/NR/television (TV) signal. Such backscatter
systems are known as ambient backscatter systems. In these
systems, an RF source (such as TV transmitter/Wifi access
point, LTE/NR BS etc.) is considered as the carrier emitter/
RF source and the backscatter device is allowed to operate
within the same system utilizing the RF signals whose
primary purpose is to provide service/communicate with
their intended receivers. Furthermore, in an ambient back-
scatter system, there could be another network entity (physi-
cally in the same device as the ambient RF source or
otherwise) to provide control signals.

[0087] There are systems in which the carrier communi-
cation device and the backscatter receiver are the same
device/node, and these are referred to as monostatic back-
scatter systems. In a more typical scenario, the carrier signal
is originated from another device than the backscatter
device, and the backscattered signal will be in the same
frequency as the carrier signal of the carrier communication
device. As a backscatter device does not produce/generate its
own carrier signal, the backscattered signal cannot be in any
desired frequency and bandwidth. However, with RF level
processing of the received signal, the backscatter device can
shift the carrier signal by a certain amount in frequency. As
such, the carrier signal originated from the carrier commu-
nication device may be centered at frequency f; Hz (center
frequency) and the backscattered signal transmitted by the
backscatter device may be centered at frequency f, Hz. This
is the case in the example of FIG. 1E, where f,=f, +KAF
where AF Hz is the granularity of frequency shift for the
backscatter device 302 and K=0, 1, 2, . . . . The backscatter
device 302 capability determines the AF and K values it can
support. In the special case of K=0, the backscattered signal
and carrier signal are in the same frequency, i.e., f;=f, and
the carrier signal is not shifted in frequency by the backs-
catter device 302. Voltage controlled oscillator/phases shifts
provide a low-cost and low-complexity approach to shift the
carrier frequency at the RF level. While this approach can
produce unintended harmonics, they can be controlled by
using a higher number of phase shifts. It should be noted that
using voltage controlled oscillator/phase shifts is not the
only approach for the backscatter device to shift the fre-
quency of the backscattered signal.

[0088] For K=0, the backscattered signal and the carrier
signal frequency are as shown in the FIG. 2, where time is
shown on the horizontal axis, and frequency on the vertical
axis. As shown in FIG. 2, the carrier communication device
generates a carrier signal 400 centered at frequency f,, and
the backscatter device shifts this to produce a backscattered
signal 402 centered at a frequency f,=f,+KAF. The carrier
signal originated from the carrier communication device can
carry a limited amount of data for a backscatter device. The
backscatter device can semi-statically adjust some param-
eters based on the received data. The carrier signal may also
be used for charging the backscatter device battery or as a
power source. However, a given carrier signal which is used
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to carry data and/or transfer power wirelessly to a backs-
catter device may not be optimal for backscattering pur-
poses. Alternatively, one phase of the carrier signal may be
used for wireless power transfer/data reception and another
phase of the carrier signal is used for backscattering, and the
two phases are time domain multiplexed. As the two phases
are time domain multiplexed, the frequency can be the same
for both phases but other properties such as amplitude can be
different. For example, in first phase intended for charging,
a signal with less amplitude fluctuation may be used. In the
second phase for backscattering, less amplitude fluctuation
is not needed. These two phases can also be in two separate
frequencies, in which case, the backscatter device uses a
carrier in one frequency for charging/data reception, and
uses a carrier in another frequency for backscattering.

[0089] In one example, a carrier signal emitted by the
carrier communication device 300 in the charging and/or
data reception phase is different from a carrier signal emitted
by the carrier communication device 300 in the backscatter
phase (i.e., communicating data from the backscatter device
302 to the backscatter receiver 304). For example, during the
charging phase, a carrier signal with constant/less fluctuat-
ing signal envelope/amplitude can be more efficient (for
wireless power transfer). DFT-s-OFDM is one such carrier
waveform with low-PAPR properties. On the other hand,
during the backscatter phase, a carrier signal with a constant/
less fluctuating signal envelope are not necessarily optimal.
In a similar manner, the carrier signal for charging can be
different from the carrier signal for data reception (i.e., data
communicating carrier from the communication device 300
to the backscatter device 302) indicating the existence of
two phases for charging and data reception. The backscatter
device may have the capability to detect the change/data
transition of the carrier signal and therefore, the boundaries
of'the charge and/or data reception phase(s) can be implicitly
known/detected by the backscatter device. On the other
hand, the boundaries of the charging and/or data reception
phase(s) are prior known to the backscatter device (by
specification or control signalling). For example, after a
pre-specified time delay from the beginning of the carrier
signal, backscattering phase starts. In an exemplary sce-
nario, the carrier shift by an amount of KAF Hz where K=0,
1,2, ... is required during the backscattering phase while
the charging/data reception is performed using the received
carrier centered at f, Hz.

[0090] FIG. 3A is a block diagram of an example of a
backscatter device. The device has an antenna 500 for
receiving the carrier signal, and for transmitting the backs-
cattered signal. There is a AF generator 502 for generating
a shift signal having a frequency of KAF Hz where K=0, 1,
2, . ... A specific example of a AF generator 502 is shown
in FIG. 3B. There is a data and/or charging block 504 for
extracting data from the received carrier and/or charging the
device using the received carrier. There is a controller 506
for receiving input from one or more sensors and for
determining if there is data to transmit. The sensors are data
sources that generate small amounts of data. The controller
506 is also connected at 514 to control the AF generator 502
for instructing the AF generator 502 what frequency shift to
be applied so as to generate the carrier frequency preas-
signed to that device. The shift signal output by the AF
generator 502 is multiplied by the received carrier signal to
produce a shifted carrier signal. The controller 506 is
connected at 516 to a load modulator 508. The load modu-
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lator 508 has a number of impedances 540, 542, . . ., 544,
including one or more loads (impedance(s)) to produce each
constellation symbol in the backscattered signal. The load
modulator 508 also has a switch 509, controlled by the
controller 506, which connects one or more of the loads to
the antenna 509.

[0091] Generation of the backscatter signal from the emit-
ted carrier is described in more detail below with reference
to FIGS. 5 and 6. For example, if there is a new input from
one of the sensors, there is data to be transmitted. If the input
from the sensors is a number of bits that matches the
constellation implemented by the load modulator, then the
bits can be mapped directly to the constellation. Otherwise,
the controller may process the input bits from the sensors
and produce a set of bits that can be mapped directly to the
constellation. Such processing of by the controller may
include at least one or more of adding parity check code,
check sum, forward error correction code, error detection,
rate matching, adding redundancy bits, adding filler bits to
have a fixed length, truncating, removing, pruning or punc-
turing bits, segmentation, splitting bits into multiple streams
of bits, bit repetition, bit scrambling, or bit interleaving etc.
When there is data to transmit, based on the data to transmit,
the controller 506 controls switch 509 to connect one of the
impedances to the output. The received carrier signal is
shifted by KAF Hz (where K=0, 1, 2, . . . ) as a result of
multiplication with the output of the AF generator 502. The
shifted carrier reflects off the connected impedance in the
load modulator, and the reflected signal exits the backscatter
device via antenna 500 as a backscatter signal.

[0092] The impedances 540, 542, 544 in the load modu-
lator 508 are matched to a desired set of constellation points.
The bits of data to transmit are used by the controller 506 to
select which impedance is connected in the load modulator
508 such that the corresponding constellation point is pro-
duced at the output of the load modulator. The signal output
by the load modulator 508 may be one symbol or a sequence
of symbols from the constellation implemented by the
impedances in the load modulator. As a result, the backs-
cattered/reflected signal mimics/imitates modulation. This is
a low-complexity/low-cost approach to modulation that
requires only a network of impedances as compared to an
active device with baseband processing and many compo-
nents such as D/A convertor, up-convertor as mentioned
before. A complex constellation of size N requires N imped-
ances. Each impedance Z, is matched to a constellation
point. Therefore, supporting multiple modulation sizes (e.g.
both QPSK and 16-QAM) by the same device is not straight-
forward/cost effective. This is because QPSK has 4 different
constellation points while 16-QAM has 16 different constel-
lation points. A larger number of impedances is needed to
support multiple modulation schemes.

[0093] FIG. 3B is a block diagram of another example of
a backscatter device. The example is similar to FIG. 3A, but
includes details of a specific implementation of a AF gen-
erator, indicated at 602. The AF generator 602 has a base-
band processor 604, digital to analog converter (DAC) 606,
a set of voltage controlled oscillators 608, and switch
mapper 610. The output of the AF generator 602 is con-
nected through a signal blocker 612 to the antenna 500.
[0094] In operation, the AF generator 602 generates a shift
signal as detailed below. This passes through the signal
blocker 612 to the connection point with the antenna 500.
This connection has the effect of multiplying the received
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carrier signal by the shift signal to produce a shifted carrier
signal. The AF generator 602 in combination with the
connection point, which functions as a multiplier, together
form a specific example of a frequency shift circuit for
producing a shifted carrier signal from a received carrier
signal. The shifted carrier signal reflects off a connected
impedance as described before. The signal blocker 612
allows the shift signal to pass from the AF generator 602 to
the antenna 500, but does not allow or minimize the reflected
signal from the load modulator to pass towards the AF
generator 602. The signal blocker 612 may for example be
implemented with diodes and/or transistors or other circuits
and RF components that allow a signal with a frequency AF
to pass through (to generate the shifted carrier), but block
signals at the shifted carrier frequency (to avoid the power
loss in the backscattered/reflected signal).

[0095] Turning now to the specifics of the AF generator, in
the illustrated example, a carrier signal e at frequency f..
is multiplied with a complex signal > generated from
the AF generator, where AF represents a selected frequency
offset. The resulting signal e*"V*AF)* is generated in a band
centered at £ +AF compared to the original signal frequency
f.. Moreover, eV "=cos(2nAF1)+j sin(2nAFt) where j=y-T
and therefore, the synthesis of e*” 7 includes generating
cosine and sine waves. This is achieved/approximated by
combining several phase shifted square waves output by the
VCOs 608. In order to generate a perfect cosine or sine
wave, an infinite (in theory) number of square waves are
required. However, in practice, cosine/sine waves are
approximated by summation/combining a finite number of
square waves. The drawback of such approximation is the
harmonics, i.e., signals in different frequencies other than
the intended frequency.

[0096] Referring again to FIG. 3B, the digital baseband
processor 604 outputs a b-bit signal, determined based on
the control input from the controller 506. The DAC 606
takes this b-bit as input and outputs an analog voltage output
at 2 voltage levels. Each of the VCOs 608 is a device that
outputs a square wave signal (i.e., clock with a frequency)
that is proportional to the input voltage. The analog voltage
output of the DAC 606 controls the frequency of the VCO
output. The sine and cosine signals (i.e., components of a
complex signal such as e*¥*") can be approximated as a
sum of one or more square wave(s) output from the VCOs
610. The manner in which the square waves output by the
VCOs 610 are combined to produce the approximation to
the sine and cosine signals is controlled by switch mapper
610. If the received carrier is a signal € and the frequency
shift circuit generates a signal e*¥** (approximately), the
backscattered signal can be given as e>"Ve+A ity o 2VAF
which is centered at frequency f +AF as compared to the
received carrier at frequency f..

[0097] Although the square wave based technique using
VCO is low-complex/low-power, making it suitable for
backscatter type of devices, this technique of frequency
shifting of incoming signal can create out-of-band harmon-
ics (signals in un-intended frequencies than the intended
shifted frequency). By increasing the voltage levels of the
VCO, the dominant harmonics can be cancelled. To cancel
higher order harmonics, a higher number of voltage levels at
the VCO output can be used which increases complexity.
However, to keep the device power/cost at low, a small
number of square waves can be used which cancels the
dominant power frequencies/harmonics. Other remaining
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frequencies/harmonics exist in the backscattered signal.
Such harmonics are tolerated to keep the device cost less
expensive. A receiver may use some methods to deal with
such frequencies, or the overall system may be designed to
tolerate such harmonics.

[0098] It should also be noted that the constellation sym-
bol (information bearing symbol of the backscattered signal)
can be represented by the amplitude, the phase, frequency or
other such properties of the backscattered signal. As such,
frequency shift circuitry with the load modulator can pro-
duce the backscatter signal where the backscattered signal is
shifted to a different frequency compared to the incoming
signal (source emitted signal) while some unintended har-
monics may exist (in the backscattered signal) due to
imperfect harmonic cancellation. In order to reduce the
harmonics and/or unintended interference in a shifted car-
rier, filters can be used. Such harmonics and/or unintended
interference can be originated from frequency shift opera-
tions or other operations within the backscatter device
including imperfect RF coupling, load impedance mismatch
among others. In one method, the incoming carrier signal is
multiplied by the desired frequency shift signal and the
resulting signal (which consists of some harmonics due to
imperfect frequency shift and other impairments) can be
passed through a filter before entering the load modulator. In
some other methods, a filtering technique can be used after
the load modulator to remove an unintended RF signal in the
backscatter communication system. It should be mentioned
that the interference (generated from the unintended har-
monics or interference due to imperfect filtering etc.) can be
randomized by using the symbol scrambling or spreading as
described herein.

[0099] The VCO based technique and/or signal filtering
techniques are specific examples; there can be many tech-
niques for shifting the frequency of the received carrier to
another frequency in backscatter devices.

[0100] FIG. 5 shows an example of a load modulator, for
example, the load modulator 508. There is a respective
impedance Z,, . . ., Z,,704, 706, . . ., 708 associated with
each constellation point. A load modulator controller 700
controls which impedance is active at a given time. Also
shown is an optional additional resistive impedance Z, 702
for supporting sparsity, as discussed in further detail below.

[0101] A backscatter transmission scheme is provided in
which a carrier signal is transmitted by a carrier communi-
cation device discontinuously as carrier signal bursts. The
carrier signal, while it is on, is divided into carrier time
segments. Hach carrier time segment has a specified time
offset from the beginning of the carrier signal burst. The
different carrier time segments represent different times that
backscatter devices can make backscatter transmissions. In
addition, in some embodiments, a set of frequencies are
available for backscatter transmission. The set of frequen-
cies includes the carrier frequency and a set of frequencies
with respective frequency shifts relative to the carrier fre-
quency. In addition, in some embodiments, a set of spread-
ing (which may be sparse or non-sparse spreading) and/or
scrambling codes are available for backscatter transmission.
The combination of a specific carrier time segment, a
specific frequency shift and a specific spreading/scrambling
code, when used, together constitutes a specific backscatter
transmission opportunity, also referred to herein as a trans-
mission unit (TU) and a backscatter transmission channel.
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[0102] Each backscatter device transmits using a pre-
assigned backscatter transmission opportunity, such that it
transmits during a pre-assigned carrier time segment, using
a pre-assigned frequency shift from the received carrier
signal frequency. In embodiments that include spreading or
scrambling, each backscatter device transmits using a pre-
assigned spreading or scrambling code.

[0103] More generally, a backscatter device receives a
carrier signal from a carrier communication device, the
carrier signal having a start time, which is a time that
transmission of the carrier signal starts. The backscatter
device produces a backscatter carrier signal from the
received carrier signal. At a time offset relative to the start
time, the backscatter device generates and transmits a back-
scattered signal by modulating data using the backscatter
carrier signal. The time offset is predefined for the backs-
catter device and at least in part defines a time dimension of
a transmission resource to be used by the backscatter device.
The above introduced carrier time segments provide a
specific example of a set of possible predefined time offsets.
[0104] In some embodiments, frequency shifts are also
used, as introduced above, and the backscatter device pro-
ducing a backscatter carrier signal from the received carrier
signal also involves applying a frequency shift to the
received carrier signal, the frequency shift being one of a set
of possible frequency shifts, the set of possible frequency
shifts including a zero frequency shift. The frequency shift
is predefined for the backscatter device and at least in part
defines a frequency dimension of the transmission resource
to be used by the backscatter device.

[0105] Exemplarily, the predefined time offset is not ran-
dom, and the predefined frequency shift, when used, is not
random. A predefined time offset and a predefined frequency
shift each encompasses a respective value that is previously
known, non-random, deterministic, a priori derived, explic-
itly informed, implicitly informed, informed, signaled in
advance etc.

[0106] The remainder of this detailed description assumes
the use of predefined time offsets and frequency shifts, but
it should be understood that corresponding embodiments are
contemplated in which the predefined time offsets are imple-
mented, and the frequency shifts are not necessarily imple-
mented.

[0107] The transmission scheme is also referred to herein
as a pre-assigned resource-grid-based backscatter multiple-
access scheme. In some embodiments, the frequency shift,
time-offset and spreading or scrambling code are obtained in
a device specific manner, for example, as a function of the
device ID. The set of possible frequency shifts and time
offsets may include 0. In other words, for a given device, the
time offset from the beginning of the carrier signal burst may
be 0 s and/or the frequency shift from the carrier signal
frequency may be 0 Hz.

[0108] In some embodiments, where linear or non-linear
spreading and/or scrambling is performed, the alphabet of
the spread/scrambled symbol sequence is restricted to the
constellation symbol alphabet, ie. the symbol alphabet
output by modulation. This is referred to herein as restricted
symbol spreading/scrambling. In some embodiments, sparse
spreading is enabled by a single impedance (high resistive)
within a load modulator for generating a sparsity/zero sym-
bol by blocking the reflecting/backscatter signal. As such,
restricted spreading may be used for collision handling
where sparse/non-sparse spreading is enabled by restricted
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load modulation. An advantage of this approach is that
spreading/scrambling can be accommodated without
increasing the number of impedances in the load modulator.
[0109] In some embodiments, the carrier communication
device transmits carrier signal bursts periodically. The peri-
odicity between carrier signal bursts can be determined as a
function of the number of backscatter devices to support,
traffic conditions of the system, or on some other basis.
When the number of backscatter devices is high, or when
there is high traffic demand, the separation between con-
secutive carrier signal bursts, referred to herein as the inter
burst gap, can be very small, including 0 seconds in some
embodiments. In the special case of 0 seconds inter burst
gap, the carrier is emitted continuously, and this can be
considered an always-on carrier. A non-zero inter burst gap
is beneficial in scenarios such as when there is low traffic
demand, or when the number of devices is small. A longer
inter burst gap allows for a relatively longer device cool-off
time duration. In some embodiments, a group of carrier
signal bursts may have the same inter burst gap or may have
different inter burst gaps. Using equal inter burst gaps is
simple in design. In some embodiments, a pre-specified
pattern of inter burst gaps is used by the carrier communi-
cation device, and this can be used by the backscatter
devices to acquire time (time synchronization). In some
scenarios, the carrier communication device may indicate
certain signaling information by the inter burst gap pattern.
For example, a burst group of size 3 (3 carrier signal bursts),
having gaps T,,, T,, (first inter burst gap pattern) could
indicate first signaling information, and a burst group of size
3, having the gaps T,,, T,, (second inter burst gap pattern)
could indicate second signaling information. Such signaling
may be used to convey information such as transmission
mode, where device behavior for a given transmission mode
is pre-specified, or carrier usage, where a less capable device
may be configured to use the carrier in a different manner
from a more capable device etc.

[0110] In a first specific example, the signaling informa-
tion is used to convey transmission mode selection. In a
specific case where there are two transmission modes, a first
inter burst gap pattern is used to convey a first transmission
mode selection, specifying a first associated behavior and a
second inter burst gap pattern is used to convey a second
transmission mode selection, specifying a second associated
behavior.

[0111] In asecond specific example, signaling information
is used to convey carrier usage. For example, a first inter
burst gap pattern is used to instruct less capable devices to
use the carrier with no frequency shift and to instruct more
capable devices use the carrier with some frequency shift. A
second inter burst gap pattern is used to instruct all devices
to use the carrier without a frequency shift.

[0112] FIG. 4 shows a specific example of a pre-assigned
resource grid based multiple access communications
scheme. In FIG. 4, time is along the horizontal axis, fre-
quency is on the vertical axis, and a spreading/scrambling
code dimension is shown pointing into the page. A carrier
signal is transmitted during a carrier signal burst 650. There
is a carrier time segment 652 dedicated to charging and/or
data transmission by the carrier communication device,
referred to herein as a dedicated carrier time segment. This
dedicated carrier time segment may also be used for syn-
chronization (acquire timing), or for device activation (i.e.,
backscatter device to detect the existence of the carrier
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and/or to be ready for communication). More generally, the
backscatter device may perform charging of a battery the
backscatter device and/or perform data reception using the
received carrier signal during a time that does not overlap
with a time segment of the transmission resource used for
backscatter transmission.

[0113] While the dedicated carrier time segment 652 is
dedicated for one or more specific purposes, some backs-
catter devices may be configured with the capability to
backscatter using this dedicated carrier time segment in the
same frequency, or using a shifted frequency. Such trans-
missions may or may not use a spreading/scrambling code to
provide code domain separation. Some backscatter devices
may not have the capability to backscatter using this dedi-
cated carrier time segment. Some backscatter devices may
choose to or be configured to avoid backscattering during
this dedicated carrier time segment. This dedicated carrier
time segment 652 can be at the beginning of a carrier signal
burst 650 (as shown in FIG. 4) or anywhere in the carrier
signal burst. There may be multiple dedicated carrier time
segments within a carrier signal burst.

[0114] In addition to the dedicated carrier time segment,
the carrier signal burst has pre-defined carrier time segments
during which a backscatter device can backscatter. In the
example of FIG. 4, shown is a first carrier time segment 654
and a last carrier time segment 656. There may be additional
carrier time segments, not shown. During the dedicated
carrier time segment 652, and carrier time segments 654, .
. ., 656, the carrier communication device transmits the
carrier signal using a fixed carrier frequency. More gener-
ally, there may be K, time segments available for backscatter
transmission. Each carrier time segment has an associated
time offset from the start time of the carrier signal burst such
that upon receipt of a carrier signal burst by a backscatter
device, the various carrier time segments can be located
relative to the start time of the carrier signal burst.

[0115] In conventional backscatter communications, due
to the complexity of scheduling based transmission for
backscatter devices, randomly selecting the transmission
resource can be thought of as a viable alternative. In the
embodiments provided in the present disclosure, using a
pre-defined/pre-specified resource without using a resource
at random for backscatter communication has many advan-
tages compared to conventional backscatter communica-
tions.

[0116] When a backscatter device in conventional backs-
catter commutations picks a resource at random for its
communication/backscattering, it can lead to a situation of a
large number of devices backscattering within the same
resource simultaneously. If backscatter device detects col-
lision and/or backscatter device decides/knows the commu-
nication is unsuccessful, backscattering can be performed
again (immediately or after a certain time). However, such
mechanism rely on backscatter device being able to detect
collision and/or decide/know (through signaling or other
methods) which are too complex for a low-complexity/low-
cost backscatter devices. As such, backscatter device is
considered incapable of detecting collision (carrier sensing).
Carrier sensing is done by monitoring the signal collision
which is too complex for a backscatter device to perform due
to high device complexity and high cost. On the contrary, in
the embodiments provided in the present disclosure, by
pre-specitying the resources for the backscatter device, the
number of backscatter devices potentially backscatter in a
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given resource can be controlled avoid the need for carrier
sensing/collision detection or knowing the unsuccessful
transmissions making the backscatter communication
devices simple and low-complexity/low-hardware.

[0117] Moreover, if backscatter devices backscatter at
random, it may cause large collisions, and such collisions
make the reception and decoding poor. This may result in the
consumption of additional backscatter device power and the
wasting of carrier resources by repeated backscattering
(until communication is successful). Therefore, life-time for
the backscatter system can be shorter due to a large number
of transmission failures and re-transmissions consuming a
large amount of device power (e.g. processing power, load
modulator controlling functions etc.). However, in the
embodiments provided in the present disclosure, when the
transmission resources are pre-defined, by reducing the
transmission failures, life-time of the communication system
and backscatter power efficiency can be improved.

[0118] In the conventional backscatter commutations,
when there are two backscatter devices backscattering at a
random resource to the same receiver, those receptions can
collide at the receiver end. Due to the weak signal reception
at each backscatter device from each other’s signals, even if
the backscatter device is capable of carrier sensing, each
device may fail to detect the presence of another device (i.e.,
failure to sense the carrier). Such a situation can be consid-
ered as backscatter devices hidden from each other. Hence,
each device will transmit/repeatedly transmit and their trans-
missions will collide repeatedly. To avoid this issue, signal-
ing between the backscatter receiver and backscatter device
can be used. For example, if the receiver determines the
reception failed, receiver indicate (through signaling, for
example) to the backscatter device. In the embodiments of
the present disclosure, having pre-defined resource for back-
scatter devices, hidden backscatter devices can be controlled
at a reasonable levels. In addition, it also may further reduce
the complexity of signaling transmission for reception fail-
ures for backscatter based communication system.

[0119] In the conventional backscatter commutations,
when repeated transmission occur due to repeated collisions
or failures, the low-cost backscatter devices can self-heat
due to more frequent transmission/re-transmission. Keeping
the self-heating low will help the components (e.g. fre-
quency drift of low-cost oscillator) to produce the desired
output without impairments. On the contrary, having pre-
specified resources for low-cost backscatters may reduce the
re-transmission attempt minimizing the self-heating.
[0120] In conventional communications, the backscatter
devices does not generate the carrier signal but rely on a
carrier signal transmitted by an external carrier emitter. For
the device to backscatter at random in a resource, the carrier
emitter needs to have the carrier available when the back-
scatter device accesses the carrier at random. This may
require the system to provide an always-on carrier which
makes the system power inefficient. Unlike the conventional
communications, the present disclosure provides embodi-
ments having a pre-defined resources for backscatter
devices, carrier only be available during the times the
backscatter devices allowed backscattering. This may
improve the system power efficiency, backscatter device
self-life and reduce interference.

[0121] In conventional communications, when the backs-
catter devices transmit at random, the receiver is unaware of
the identity of the backscatter device. As such, if the identity
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of the backscatter device is needed, and the receiver needs
to perform blind decoding with high complexity. If backs-
catter devices transmit at random, any number of devices
can be transmitting simultaneously. Therefore, the receiver
needs to perform device activity/inactivity detection. This is
extra overhead for the receiver and activity detection errors
can lead to a large number of decoding errors, increased
re-transmission etc. In embodiments of the present disclo-
sure, having a pre-defined resources for backscatter devices,
only a known number of devices potentially become active
in a given resource which reduces the complexity for
detecting the device identity and/or device activity/inactiv-
ity.

[0122] In conventional communications, in an implemen-
tation where a backscatter device integrates its identity into
to the payload, this may incur large overhead. Such overhead
can be challenging for low data rate backscatter systems
which aim for small payload transmissions (e.g. sensing
information). In embodiments of the present disclosure, by
allowing a few known set of devices in a given resource by
pre-defined/pre-specified resource grid, integrating the
device identity can be eliminated or number of bits for
device identity can be reduced.

[0123] According the embodiments of the present disclo-
sure, no need to receive a large amount of signaling infor-
mation by the backscatter devices to instruct the devices
which physical resources to use. Thus, the resource effi-
ciency could be improved and the complexity of the system
operation may be reduced. Moreover, the opportunity for
backscattering is increased. The hardware complexity also is
low since no need to make the backscatter device capable of
receiving data from the carrier signal while using the same
carrier for backscattering, which results in lower backscatter
device cost and overall system complexity. Furthermore, the
backscatter devices are capable of generating a backscatter
signal in desired frequency/time resource grid (even if the
device is scheduled in a given resource).

[0124] FIG. 4 shows a set of possibilities for a frequency
to use for backscatter transmission. In the illustrated
example, there are three possibilities for backscatter trans-
mission—one at the received carrier frequency f, one at a
frequency f,, higher than the received carrier frequency, and
one at a carrier frequency f,,, lower than the received carrier
frequency. More generally, there may be L frequency shifts
for use with backscatter transmission, including the O shift.
[0125] FIG. 4 also shows a set of possibilities for a
spreading/scrambling code to use for backscatter transmis-
sion. Transmission resources 660 are associated with a first
spreading/scrambling code C0, and transmission resources
662 are associated with a second spreading/scrambling code.
More generally, there may be M spreading/scrambling
codes.

[0126] Where there are K, carrier time segments available
for backscatter transmission (which may or may not include
one or more dedicated carrier time segments), and L fre-
quency shifts, and M spreading/scrambling codes, it can be
seen that there are K;xLxM permutations (or just K,;xL
where spreading/scrambling is not used), each of which is a
specific backscatter transmission opportunity. K;, I and M
are integers z1.

[0127] Each backscatter device is preassigned one of these
backscatter transmission opportunities. In other words, each
backscatter device has a pre-assigned frequency shift (in-
cluding the possibility of zero), a pre-assigned carrier time
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segment or time offset, and, when spreading/scrambling is
used, a pre-assigned spreading/scrambling code. In some
embodiments, as detailed above, for certain devices, a time
offset of zero from the beginning of the carrier signal burst
is a possibility.

[0128] In operation, a given backscatter device monitors
for the presence of a carrier signal burst transmitted by the
carrier communication device. If the backscatter device has
data to transmit, then during the pre-assigned carrier time
segment, the backscatter device generates a backscattered
signal by frequency shifting the received carrier signal burst
by the pre-assigned amount, modulating the data to send
using the shifted carrier signal and applying the pre-assigned
spreading/scrambling code, and then transmitting the back-
scattered signal. In some embodiments, a given backscatter
device only starts to monitor for the presence of a carrier
signal burst when it has data to transmit. This may occur on
a periodic basis, or on some other basis, for example, when
sensor data is received from one or more sensors. In some
embodiments, sensor data of a given sensor is not transmit-
ted unless it is changed by some minimum threshold amount
from the previously transmitted value. The backscatter
receiver attempts to receive on all of the possible backscatter
transmission opportunities. Alternatively, the backscatter
receiver may have knowledge of which backscatter trans-
mission opportunities have been pre-assigned, and only
attempts to receive the backscatter transmission opportuni-
ties that have been pre-assigned.

[0129] Various advantages of the pre-assigned resource-
grid-based multiple access will now be described.

[0130] Collision/repeated collision mitigation: The back-
scatter receiver does not receive at just any carrier time
segment of the carrier. Pre-assigning which carrier time
segment of the carrier a given backscatter device is allowed
to use for backscatter transmission constrains the number of
backscatter devices accessing the physical resources at a
given time. More specifically, the number of backscatter
devices simultaneously accessing a given carrier time seg-
ment can be managed/controlled to be at tolerable levels.
Therefore, the collisions are within acceptable limits. The
approach does not rely on carrier sensing, or extensive
signaling schemes such as CTS/RTS (clear to send/request
to send). As the number of transmission failures and
repeated transmissions are limited, system life-time is
improved and device processing power is reduced. More-
over, the impact of the hidden terminal issue is reduced by
controlling the number of devices accessing the physical
resources.

[0131] Carrier signal burst that avoids an always-on car-
rier: With the carrier being transmitted as a sequence of
carrier signal bursts, with inter burst gaps, this avoids the
need for an always-on carrier. Having a carrier transmitted
in bursts reduces device/hardware costs, reduces device
self-heating, improves system power efficiency, and reduces
interference.

[0132] Simplified backscatter identification/activity detec-
tion: Only a known number of backscatter devices can be
active in a given transmission opportunity, so all that is
needed is to be able to distinguish between those known
number of backscatter devices.

[0133] Uplink asynchronous transmission support: In
some embodiments, each backscatter device is allocated a
carrier time segment of a carrier signal burst and the
backscatter device transmits its backscattered signal within
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less than the entire pre-assigned carrier time segment, leav-
ing a transmission gap, also referred to as a backscatter gap.
An example is shown in FIG. 4, where there is a backscatter
gap 664 during carrier time segment 654. The inclusion of
such a backscatter gap minimizes the need for tight syn-
chronism among backscatter devices. Moreover, in some
embodiments, a long cyclic prefix (CP) for OFDM type of
carrier is used to mitigate the impact from the asynchronism.
[0134] Improved charging capability: The backscatter
devices can utilize the other carrier time segments (the ones
other than the pre-assigned carrier time segment for a given
device) for wireless power transfer/device charging.

[0135] Simultaneous backscattering and data reception/
charging: When a device backscatters while at the same time
receiving data from the carrier communication device, the
process of receiving data can be interfered by the device’s
own backscattered signal. To avoid this, the backscatter
device can shift the carrier signal to another frequency
different from the incoming carrier signal frequency (i.e.,
pre-assigned frequency shift). This allows the backscatter
device to transmit in a different frequency than the received
carrier signal while at the same time receiving data and/or
charging using the original carrier frequency.

[0136] Device capability dependent resource grid: The
resource grid (i.e. the set of possible opportunities for
backscatter transmission based on a given carrier transmis-
sion) can be defined differently for different devices, for
example, taking into account different capabilities of differ-
ent backscatter devices. In a specific example, there may be
a difference in the ability of devices to implement the carrier
frequency shift. More capable devices may be able to
implement a larger frequency shift relative to less capable
devices. Therefore, multiple constrained resource grids can
be supported from the same carrier signal. This provides the
flexibility to define a resource grid based on the device
capability.

[0137] Better downlink synchronization, channel estima-
tion and link performance: In some embodiments, a dedi-
cated carrier time segment of the carrier signal can be
allocated for specific purposes; this can also be referred to as
a dedicated channel. This can be used, for example, to
disseminate grid information from a carrier communication
device to the backscatter device, and/or for downlink syn-
chronization (device timing acquisition from the carrier
communication device) and and/or for channel estimation.
For example, device and system configuration can be
informed/signaled semi-statically from dedicated channels.
In another example, all devices use the carrier to backscatter
during a dedicated carrier time segment providing an oppor-
tunity for the receiver to acquire timing, estimate the channel
etc.

[0138] While having one or more of the aforementioned
advantages for the system, the pre-assigned resource-grid-
based multiple access limits the number of devices able to
transmit immediately upon receipt of a carrier signal burst
and therefore, such a scheme may not be suitable for
extremely delay sensitive applications or limited memory to
buffer the data while awaiting for the data transmission/
backscatter opportunity. However, by defining a resource
grid with small carrier time segments, and allowing devices
to access the carrier in multiple occasions within a single
carrier signal burst, and by controlling the inter-burst gap to
be small (eg. The periodicity of the bursts transmissions), the
delay can be controlled.
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[0139] In some embodiments, the bandwidth of the carrier
signal (not shown in Figures) and supported frequency shifts
can be such that the two signals (the original carrier signal
and frequency shifted signal) are non-overlapping or over-
lapping in the frequency domain.

[0140] In one example, a carrier communication device
emits a carrier signal at frequency f; Hz with a carrier
bandwidth of 15x2" kHz for a given p where p is one of . .
.,—3,-2,-1,0,1,2,3,...and a backscatter device transmits
a backscattered signal for reception by a backscatter receiver
at frequency f, Hz with a bandwidth 15x2" kHz where f,=n
15x2%+f, and n=0, 1, . . ., n,,,,. Here n,,,, is an integer
relating to the maximum frequency offset AF=n 15x2"
supported by the device/system. Note that the carrier band-
width is the same for the carrier communication device and
backscattered signal transmission, and the granularity of
frequency shift (AF) is the same as the carrier signal and
backscatter signal bandwidth. The difference AF is defined
as the distance between the center frequencies of the carrier
signal and backscattered signal. In this example, the band-
width of f; and AF are the same (i.e., 15%2"). Therefore, in
a situation where n=1, the two bandwidths are adjacent, and
touch in the edges. Note that in the case where n=0, the
carrier center signal frequency f, is the same as backscatter
signal center frequency f,. These are specific examples. But
in the general case, it is not a requirement that AF be equal
to the bandwidth of the carrier signal.

[0141] In another example, f,=n 15x2"+F,+f; and n=0, 1,

., 1, . In this case, there is a guard band F, between the
carrier and backscattered signal bandwidths. F; can be fixed,
or in some embodiments, F can be defined as a function of
n for example where the guard band is not fixed. For
example, due to hardware impairments, as the frequency
shift is higher, a larger guard band may be defined.

[0142] As detailed above, the carrier time segment, fre-
quency shifts, and spreading/scrambling codes define a grid
of backscatter transmission opportunities, or channels. For
example, with K, carrier time segments, L frequency shifts,
and M spreading/scrambling codes, N,,, ,,.=K;xMXxL (assum-
ing all transmission opportunities available for backscatter-
ing, i.e., without dedicated occasions excluded from other
purposes such as charging, receiving data, channel estima-
tion, device time acquisition). These channels can be
indexed from O, . . ., N,,,,—1 where N, is the number of
channels. Each backscatter device is aware of the resource
grid being used, for example from some configurations
received via the carrier signal, from prior knowledge, or
specified some other means. The device finds/accesses its
own pre-assigned channel. In one embodiment, each back-
scatter device has an identity referred to herein as a device
ID, and a channel index is obtained that is a function of
device ID. For example, a channel index may be obtained by
mod(Device ID, N,,,,) where mod(x, y) denotes the x
modulo y. As a result, each backscatter device is pre-
assigned a channel index, based on device ID, and the
backscatter device uses the channel index to obtain the
carrier time segment, frequency shift and spreading/scram-
bling code as among the N, .. possibilities.

[0143] Of course, with this approach, multiple device IDs
may map to the same channel index, and when two or more
devices access the same channel, a backscatter collision
happens. However, including spreading or scrambling can

May 2, 2024

increase the number of channels and reduce the likelihood of
collision and/or provide a mechanism for the receiver 304 to
demodulate/decode the data.

[0144] As detailed above, in some embodiments, spread-
ing and/or scrambling (which may be linear or non-linear) is
implemented using restricted load modulation in which the
alphabet of a spread/scrambled symbol sequence is
restricted to the constellation symbol alphabet. Implement-
ing spreading/scrambling sequences that limit the spread/
scrambled symbols to the same alphabet as the modulation
symbol alphabet does not require any modification to the
load modulator; for example no additional impedances are
required to implement a load modulator used for modulation
and spreading/scrambling compared to an implementation
of a load modulator that is used only for modulation. For
example, in a QPSK constellation, the constellation symbol
alphabet can be given by

L i) et d), == h), —= (1 here i = -1
{ﬁ( +1), E(— +1), ﬁ( — i), E(— —1)} where i =+4-1.
In a situation where each spreading sequence is limited to
the set of {1, —1, i, —i} (with appropriate power scaling), the
alphabet of the spread sequence will also belong to the
constellation symbol alphabet. This is because any constel-
lation symbol of the original constellation symbol alphabet,
multiplied by an element the spreading sequence limited to
the set {1, —1, i, —i} will still be a symbol of the original
constellation symbol alphabet.

[0145] For example, 1/A2[1, 1], 1I/N2[1, —1] are valid
spreading sequences of length 2 in that the alphabet includes
only {1, —1} which is a subset of {1, —1, i, —i}. The symbols
spread by these sequences belong to the original constella-
tion symbol alphabet.

[0146] Similarly, symbol level scrambling can be per-
formed where the scrambling sequence is limited/restricted
such that the scrambled symbol sequence also belongs to the
original constellation symbol alphabet.

[0147] In some embodiments, to achieve reduced com-
plexity in the backscatter device, there is no specific spread-
ing/scrambling block in the transmission chain for backs-
catter device. Rather, spread/scrambled sequences can
directly be defined. For example, a table that shows the
output of combined modulation and spreading/scrambling
can be defined. In this case, the data modulation and
spreading operations can be combined in a single step.
[0148] In some embodiments, sparse spreading is
employed in the backscatter devices. By introducing the
zero symbol to the load modulator, sparse spreading can be
supported. Two examples of constellations with zero sym-
bols are shown in FIG. 6. A 4-QAM constellation with
additional zero symbol is indicated at 800, a 16 QAM
constellation with additional zero symbol is indicated at 802.
In each case, the zero symbol is labelled f,. In a specific
example of how to implement the additional zero symbol, a
single high resistive impedance for generating the zero
constellation point can be used, such that sequences with
“0”s are possible. FIG. 5 shows an example of a load
modulator with additional resistive impedance 702 to sup-
port sparse spreading. A sparsity sequence of zeros and ones
can be implemented by using the resistive impedance 702
for each zero in the sparsity sequence, and using one of the
other impedances 704, 706, . . . 708 for each one in the
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sparsity sequence. While an additional capability for the
load modulator is required (the high resistive load), it is
noted that if multiple modulation types are supported in the
load modulator, only a single mechanism for supporting the
zero symbol is needed and can be used across the different
modulation types. For example, for sparsity support for
4-QAM modulation and 16-QAM modulation, the imple-
mentation of a single zero constellation point is sufficient.

[0149] As described, the restricted symbol spreading,
symbol scrambling or both has low complexity and therefore
can be implemented by realizable hardware such as load
modulation, which is a low-cost implementation, that still
provides some collision handling capability. Moreover, the
hidden terminal interference at the receiver is randomized by
assigning/pre-configured device specific scrambling/spread-
ing sequences. The minimal hardware changes to include
spreading/scrambling provide a flexible and low-cost
approach to support linear/non-linear spreading, scrambling,
and multiple spreading sequences by a single device. Intro-
ducing the zero symbol to the load modulator enables a
low-cost approach to support sparse spreading which is
realized by a single additional resistive impedance for all
modulation schemes. While 4 impedances are needed to
realize 4-QAM, to enable sparsity along with 4-QAM, 5
impedances are needed. Similarly, for 16-QAM constella-
tion requires 16 impedances, to realize sparsity with
16-QAM constellation requires only 17 impedances.

[0150] A specific resource grid example is shown in FIG.
7. In this example, sets of channels 900, 902 are shown for
two spreading/scrambling codes C0 and C1. The channels
within the top set 900 will be described as representative. On
the original carrier frequency F0, there are two dedicated
channels 904, 906 that are used for time acquisition, signal-
ing information, receiving data and charging. The grid has
four carrier time segments, or time slots, T0, T1, T2, T3, and
has frequencies F1 and F2 that are greater than the carrier
frequency F0, and frequencies F3 and F4 which are lower
than the carrier frequency.

[0151] The backscatter device behavior during the dedi-
cated channels 904, 906 can vary. In some configurations, a
backscatter device avoids making backscatter transmissions
during the dedicated channels. In this case, when the dedi-
cated channel carries downlink data (carrier communication
device to backscatter device), if all devices refrain from
backscattering, this will avoid interfering with the data
reception.

[0152] In some configurations, backscattering is manda-
tory during the dedicated channel for all devices. In a
specific example, all devices backscatter the received carrier
signal in the dedicated channel for purposes that may
include one or more of channel estimation, synchronization,
time acquisition. In some configurations, a device that is
capable of backscattering while receiving downlink data
backscatters using the dedicated channel, while other
devices that don’t have this capability refrain from backs-
cattering using the dedicated channel.

[0153] The grid can be used to support diverse and
dynamic traffic conditions as described below. In some
embodiments, there may be one or more backscatter devices
each of which makes its backscatter transmissions in a single
channel in a situation where only a single backscattering
opportunity/channel per device is defined within the carrier
signal burst. For example, the index of the backscatter
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channel may be obtained by mod(UE_ID, N, ..) where N, .
is the size of resources grid and UE_ID is the device
identifier.

[0154] Alternatively, or in addition, there may be one or
more backscatter devices that are given multiple backscat-
tering opportunities within a single carrier signal burst. This
is referred to herein as multi-channel backscattering. For
example, indices of backscatter channels per device may be
obtained by mod(UE_ID+ifloor(N,,,./F), N, . ) where F is
an integer =2 and is the minimum number of backscatter
opportunities within a carrier signal burst and i=0, . . ., F-1.
In some embodiments, some devices backscatter in a single
channel and some devices backscatter in multiple channels
within a single carrier signal burst.

[0155] In some embodiments, the backscatter devices are
configured to perform backscatter channel hopping. When
backscatter channel hopping is configured, a backscatter
device may hop a backscattering channel index (or indices
for multi-channel backscattering) from one carrier signal
burst to a next carrier signal burst. Each backscatter channel
index is associated with one or more of frequency shift, time
offset and spreading/scrambling code, such that hopping the
backscattering channel index can result in a change in one or
more of frequency shift, time offset, and spreading/scram-
bling code.

[0156] The following are some examples of restricted
sparse and non-sparse spreading that may be used with the
embodiments described herein:

[0157] Example 1: Two orthogonal sparse sequences
based on pure resistive impedances are defined [1, 0],
[0, 1]

[0158] Example 2: Two orthogonal non-sparse spread-
ing sequences based on phase changes [1, 1], [1, -1]

[0159] Example 3: Two orthogonal non-sparse spread-
ing sequences based on reactance impedances are
defined Usj]s Us _J]

[0160] Example 4: Modulation dependent restricted
spreading/scrambling: For QPSK or 16-QAM modula-
tions, the alphabet of spreading/scrambling sequence is
restricted to {1, -1, j, =j}. Therefore, [1, 1], [1, -1] are
valid spreading sequences and there are 16 such valid
spreading sequences of length 2 and there are 64 such
valid spreading sequences of length 4.

[0161] The following are example implementations of
sparse spreading:

[0162] Example 1: A resistive impedance (One addi-
tional resistive impedance in the load modulator to
block the backscattering/signal reflection; see previous
description, for example FIG. 5).

[0163] Example 2: Device charging circuit to absorb
and block the backscattering (indirect large resistive
impedance to block reflection).

[0164] The following are example implementations of
non-sparse spreading:

[0165] Example 1: Select the appropriate impedance of
the load modulator by appropriate control functions;

[0166] Example 2: Generate a longer bit sequence and
use the existing load modulator control functions to
emulate/resemble/mimic/imitate the spreading/scram-
bling.

[0167] Insomeembodiments, backscatter devices are con-
figured to perform sequence hopping. Such a backscatter
device hops sparsity sequence, spreading sequence, scram-
bling sequence or a combination thereof in different back-
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scatter channels within the same carrier signal burst. For
example, where a pool of size L. spreading sequences is
defined, a backscatter device may be configured to use
different spreading sequences from one channel use to the
next (within the same burst or multiple bursts). This has the
effect of randomizing the interference. In a specific example,
the sequences in the pool each have a sequence index, and
the sequence index to be used is determined according to
mod(Device_ID+x, L) where x is the channel use index. For
a given device, the channel use index x is the index to the
using of the channel by the device, i.e., for single channel
use, x=0, in multi-channel use scenario, x=0 for the first
channel use and x=1 for the second channel use.
[0168] In some embodiments, frequency resources for
backscatter transmission are defined using frequency band
(FB) groups. A FB group is defined herein as a group/
collection of M frequency sub-bands indexed O, . . ., M-1.
An overall frequency range available for backscatter com-
munication is partitioned/divided into M frequency sub-
bands. A backscatter device, upon receiving a carrier from a
carrier communication device in a sub-band, shifts the
carrier to the pre-defined frequency sub-band as described
earlier. The frequency shift can also be zero, i.e., backscat-
tered in the same frequency as received carrier frequency
without frequency shift. The purpose/motivation is that a FB
group can be assigned/used per use scenario with different
requirements, for example, for long/short coverage, high/
low mobility, traffic load/data rates, device density etc. For
example, a set of narrow sub-bands can be used for large
coverage whereas a set of larger sub-bands can better
mitigate channel variations in time and is suitable for a high
mobility scenario. An example of a backscatter FB group is
shown in FIG. 8.
[0169] Some examples of system properties based on the
FB concept include:
[0170] Example 1: FBs are equal in size, i.e., a FB
group comprises equal size sub-bands;
[0171] Example 2: a FB is a subcarrier in an OFDM
resource grid and one or more of subcarrier(s) form a
FB group;
[0172] Example 3: FBs may or may not be adjacent in
absolute frequency values;
[0173] Example 4: FBs may be equally spaced in fre-
quency.
[0174] In a specific definition:
[0175] FB group: M sub-bands in frequency indexed 0,
..., M-1 where M=z1;
[0176] A sub-band of size AF,, i=0, . . . , M-1 forms a
FB group defined in a band of frequency X, ,**'AF,
[0177] In one alternative, all sub-bands in a FB group are
equal size, i.e., AF=AF, i, jE{0, . . ., M-1}, i=j. For
example, a FB can be a single or multiple or fraction of
subcarrier(s) in an OFDM resource grid.
[0178] In some embodiments, frequency resources for
backscatter transmission are defined using FB group sets. A
FB group set is a set of N=1 FB groups indexed O, . . ., N-1.
FB group bandwidth can be defined according to F,=%, ;"
1AF, V=0, . . ., N-1. In one alternative, group bandwidths
are equal in size, i.e., F,=F,, n, m&{0, N-1}, n=m. In
another alternative, group size are different, i.e., FB groups
of frequency F,, and F,, with sub-bands M,, and M,,,, respec-
tively and M, =M,,,. In another alternative, M,=M,,.
[0179] In one alternative, frequency band size of different
FB groups is not the same. Frequency bands have size AF,""

May 2, 2024

and AF,"” in FB group n and m respectively with n, m&{0,
N-1}, n=m where AF,=AF,“”. In another alternative,
AF,=AF, ™.
[0180] In some embodiments, subcarriers/sub-bands in an
OFDM resource grid form a FB group.
[0181] Insome embodiments, possible subcarrier spacings
include 15-2* kHz, u=0, 1, 2, 3, 4, 5.
[0182] Insome embodiments, possible subcarrier spacings
include 15-27% kHz, u=0, 1, 2, 3, 4.
[0183] Insome embodiments, possible subcarrier spacings
include 1.875, 7.5, 15, 30 kHz.
[0184] Examples of possible FB group sizes include:

[0185] First example: 2™, m=0, 1, 2, 3,4, . ..

[0186] Second example: 2m, m=0, 1, 2, 3, 4, . . .

[0187] Third example: FB group sizes: 2, 4, 8, 12
[0188] In some embodiments, carrier time segments for
backscatter transmission are defined based on a carrier time
segment set. The carrier is transmitted as carrier signal
bursts separated by inter burst gaps. Each carrier signal burst
has a carrier time segment set which is a set of time periods
during which the carrier signal is transmitted and during
which backscattering transmission opportunities exist. From
the perspective of the backscatter devices, a carrier time
segment that is available for backscatter transmission can be
referred to as a backscatter burst (BS burst), and the set of
BS bursts corresponding to a set of carrier time segments
within a carrier signal burst can be referred to as a BS burst
set. The BS burst set may include a subset, or all of the
carrier time segments.
[0189] In a FB group, a carrier time segment set is
transmitted in one or more than one FBs or a carrier time
segment set is transmitted on a sub-set of FBs or FB groups.
For example, if the system is capable of shifting large
frequency ranges or only certain FB groups are active at a
given time (system level requirement), a carrier will be
actually transmitted only on those needed. On the other
hand, if devices have very little or no capability of shifting
frequency, all FBs need to have a carrier transmitted. BS
bursts can be periodic, semi-persistent or aperiodic. An inter
burst gap can be configurable, for example depending on the
power saving requirement and traffic conditions.
[0190] In some embodiments, a BS burst set consists of L
carrier time segments, and transmission units (TUs) and
channels, align in time with these carrier time segments.
Note that the carrier time segments may be equal or unequal
in size (in time). In some embodiments, carrier time seg-
ments in a carrier time segment set are equal in length. This
approach is suitable for uniform traffic conditions and
simple design/implementation. Alternatively, carrier time
segments in a carrier time segment set are not the same
length.
[0191] For example, one or more TUs within the resource
grid may be designated for a specific purpose such as control
information and/or synchronization purposes. There may be
periodic TUs for synchronization and control information.
[0192] FIG. 9 shows an example of BS burst sets. Shown
is a first BS signal burst 1000 composed of a BS burst set
containing [. TUs, and a second BS burst 1002 composed of
a BS burst set containing [. TUs. The two BS bursts 1000,
1002 are separated by an inter BS burst gap. FIG. 9 does not
show code and frequency separation. More generally, within
each carrier time segment of a BS burst set, there can be a
respective TU for each frequency, spreading/scrambling
permutation.
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[0193] One or more burst set(s) form a burst set group
where a burst set group consists of R burst sets.

[0194] In some embodiments, a BS burst set group has a
type that is associated with inter burst gap as follows:

[0195] Periodic burst set: The time gap between con-
secutive burst sets in time is fixed and bursts are
transmitted periodically. This is more suitable for
bistatic/ambient backscatter systems. An example is
shown in FIG. 10;

[0196] Semi-persistent burst set: The time gap between
consecutive burst sets in time is fixed and a finite
number of burst sets are transmitted. This is more
suitable for power saving in monostatic and bistatic
backscatter applications, and for interference control in
ambient backscatter applications;

[0197] Aperiodic burst set: There is no pre-defined/
agreed time gap between consecutive burst sets. Burst
sets are self-contained. This is more suitable for power
saving in monostatic and bistatic backscatter applica-
tions and interference control in ambient backscatter
applications. An example is shown in FIG. 11; or

[0198] Other burst set: One or more burst sets are
transmitted in a pre-defined/prior agreed pattern.

[0199] In a first example of an “other burst set™: the time
gap between first two burst sets is T, and the time gaps of
subsequent burst sets is an integer multiple/fraction of T up
to a maximum of M number of burst sets (T,=a,T; where i=2,
..., M. In some examples, a,=2" or a,=27").

[0200] In a second example of an “other burst set”: The
time between consecutive burst sets is tabulated. An
example of inter burst gap is shown in the Table 1 below.

TABLE 1

Tabulated inter burst gap

Type R Pattern
1 3 T, 2T, 3T
2 4 T, 2T, 4T, 5T
3 2 T, T/2

[0201] Advantages of differing time gaps include:

[0202] Long backscatter communication lifetime by
backscatter transmitter in sleep mode;

[0203] Carrier power saving in monostatic and bistatic
BS systems and controlled or reduced interference in
ambient BS systems; and

[0204] The ability to support different traffic require-
ments.

[0205] The inter burst gap pattern may indicate/signal
certain signaling information. For example, a particular
pattern, say for example T, T/2 indicates that backscatter
transmissions are to be repeated in subsequent bursts by the
devices. This will enable the receiver to decode in a more
reliable manner.

[0206] A burst set group comprises R burst sets. An
example is shown in FIG. 12 for R=3 and burst length
pattern d,, d,, d,.

[0207] In some embodiments, the burst sets in a burst set
group have equal burst set length. In this case, the burst set
length is the same in time for consecutive burst sets. For
example, equal lengths d,=d, 1, j€{0, ..., R-1}, i=j. In other
embodiments, the burst set lengths are unequal.
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[0208] In some embodiments, burst set length is custom-
ized for different traffic conditions and/or the number of
devices or device density. The following is a set of

examples:

[0209] Example 1: Burst set lengths are increasing,
d<d, i<j and i, J€{0, . . ., R-1}

[0210] Example 2: Burst set lengths are decreasing,
d>d, i<j and i, jE{0, . . ., R-1}

[0211] Example 3: Burst set lengths are increasing,
d=ad,, j>1 and jE{1, . . ., R-1} where aj

[0212] Example 4: Burst set lengths are increasing,
d=ad,, j>1 and jE{1, . . ., R-1} where a=Y

[0213] Example 5: Burst set lengths are increasing,
d=ad,, j>1 and jE{1, . . ., R-1} where a,=27

[0214] Example 6: Burst set lengths are provided in a

table. An example format for such a table is shown in
Table 2 below.

TABLE 2

Burst Set Lengths

Burst set group Length pattern of

Type size R the burst set group
1 3 d, 2d, 3d
2 4 d, 2d, 4d, 5d
3 2 d, d2

[0215] The burst length pattern may indicate/signal certain
signaling information. For example, a particular pattern, say
for example d, 2d, 3d may be used to indicate that backs-
catter transmissions be repeated in subsequent bursts by the
devices. This will enable the receiver to decode in a more
reliable manner. Moreover, a combination of the inter burst
gap pattern or burst length pattern may indicate certain
signaling information. In general, the resource grid structure
may indirectly/implicitly define or control the system or
device behavior.

[0216] Insome embodiments, multiplexing based on mul-
tiplexing groups is performed. Multiplexing groups can
include:

[0217] Frequency division multiplexing (FDM) group:
A set of FBs non-overlapping with other FBs in fre-
quency is defined within a single or multiple FB
groups. In a given frequency range, one or more FDM
groups can be defined;

[0218] Time division multiplexing (TDM) group: A set
of TUs non-overlapping with other TUs in time
domain;

[0219] Code division multiplexing (CDM) group: A set
of codes within a same time and frequency resource
allow UE multiplexing with orthogonal code domain
separation.

[0220] In some embodiments, resource sharing based on
multiplexing groups is performed.

[0221] Alternative 1: A receiver specific FDM group is
defined and devices communicating to the same receiver use
the same FDM group. Each device uses a device specific
TUj; device specific TUs are separated using TDM and/or
CDM.

[0222] Alternative 2: A receiver specific TDM group is
defined and devices communicating to the same receiver use
the same TDM group. Each device uses a device specific
TU; device specific TUs are separated by FDM and/or
CDM.
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[0223] Alternative 3: A receiver specific CDM group is
defined and devices communicating to the same receiver use
the same CDM group. Each device uses a device specific
TU; device specific TUs are separated by FDM and/or TDM.

[0224] Alternative 4: A receiver specific group is based on
a combination of one or more of FDM, TDM, CDM and
devices communicating to the same receiver use the same
group.

[0225] In some embodiments, the receiver and/or the
backscatter devices choose the multiplexing group. For
example, multiplexing groups may be indexed from O, . . .
, G-1. The receiver and/or device may obtain the multiplex-
ing group for CDM/FDM/TDM individually or together.
The following is a set of examples:

[0226] Example 1: Multiplexing group for receiver and/
or device is a function of receiver identifier such as
mod(Rx_ID, G). Rx_ID is an identifier for the receiver.
The device knows the Rx_ID (prior information). For
example, the multiplexing group broadcasts Rx_ID
information.

[0227] Example 2: Multiplexing group for receiver and/
or device is a function of device identifier such as
mod(Device_ID, G). Device_ID is identifier for device.

[0228] Example 3: Multiplexing group for receiver and/
or device is selected by a function based on a pseudo
random number. In some examples, both receiver and
devices know the seed of pseudo random number
generator. In a specific example, multiplexing group for
receiver and/or device is obtained by mod(Device_ID+
PN, G) where PN is a random number.

[0229] Example 4: Multiplexing group for receiver and/
or device is selected by a function based on a pseudo
random number and device specific adjustment. In
some embodiments, a device obtains/selects a specific
multiplexing group with an offset, for example, mod
(Device_ID+Offset, G). In some embodiments, a
device obtains/selects a specific multiplexing group by
a pseudo random number and a device specific offset,
for example, mod(Device_ID+Offset+PN, G).

[0230] Various options exist for transmitting the carrier for
use in backscattering.

[0231] In one option, at a given time, a carrier for one
multiplexing group is transmitted. This avoids interference
to other multiplexing groups. During periods that the carrier
is not being transmitted for a given multiplexing group,
devices and/or the receiver of that multiplexing group can
adjust for oscillator drift, make other circuit re-adjustments
and/or simply use the time to cool off.

[0232] In a second option with regards to the carrier
transmission, a respective carrier is simultaneously trans-
mitted for all of the multiplexing groups. A devices can use
other carrier signals (other than the specific carrier or
carriers being used by the device for backscattering)) for
energy harvesting, synchronization purpose etc.

[0233] Multiplexing group structure and implementation
can be optimized for carrier and receiver performance
enhancement.

[0234] In a first example, an FDM group has equally
spaced FBs to reduce transmit power and/or to achieve peak
average power ratio (PAPR) optimization. In a second
example, an FDM group has non-consecutive FBs or TUs to
achieve higher frequency or time diversity.
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[0235] In some embodiments, devices choose TUs within
a multiplexing group that is chosen or otherwise selected/
assigned for a device. TUs in a multiplexing group can be
indexed from O, . . ., T-1.

[0236] In a first example: the TU(s) used for backscatter-
ing (referred to below as backscattering TU(s)) by a given
device is/are a function of device identifier such as mod
(Device_ID, T). Device_ID is an identifier for a device. The
receiver knows the Device_ID so as to perform reception on
the correct TU. Alternatively, the receiver can or perform
reception/decoding in all possible TUs.

[0237] In a second example: backscattering TU(s) is/are a
function of device and/or receiver identifiers such as mod
(Device_ID+Rx_ID, T) or mod(Rx_ID, T).

[0238] In a third example: backscattering TU(s) is/are
selected by a function based on a pseudo random number. In
some examples, both receiver and devices know the seed of
pseudo random number generator. For example, the index
for the TU may be obtained by mod(Device_ID+PN, T)
where PN is a random number.

[0239] In a fourth example: backscattering TU(s) is/are
selected by a function based on a pseudo random number
and a device specific adjustment. In some examples, both
receiver and devices know the seed of pseudo random
number generator and device uses a device specific offset.

[0240] In a fifth example: backscattering TU(s) is/are
selected by a function based on a multiplexing group. In
some examples, the index of the TU may be obtained by
mod(Device_ID+Mux_Group_ID, T) where Mux_Group_
ID is an identifier for multiplexing group.

[0241] In some embodiments, devices may backscatter in
multiple TUs for higher traffic devices to enhance transmis-
sion performance. For example, the indices of backscatter-
ing TUs may be given by mod(Device_ID+i, T) where i
takes more than one value. For example, i=0, 1 indicate that
two TUs for backscattering.

[0242] In some embodiments, for backscatter interference
randomization, a device chooses a TU based on/as a function
of a random number. The seed or the generated random
number can be device specific.

[0243] In some embodiments, receiver multiplexing
occurs through TDM, and backscatter multiplexing occurs
with FDM/CDM. A channel layout based on this approach
is depicted in FIG. 13. In this example, different receivers
use different time carrier time segments; the example of F1G.
13 shows three such carrier time segments 1300, 1302, 1304
also labelled TDMO, TDM1, TDM2 (also T0, T1 and T1 in
the channel layout). With the example of FIG. 13, there are
three frequency options FDMO0, FDM1 and FDM2 (F0, F1
and F2 in the channel layout), and there are two spreading/
scrambling code options CDM0, CDM1 (C0 and C1 in the
channel layout). More generally, a similar approach can be
implemented for any number of time carrier time segments,
frequency options and spreading/scrambling code options.

[0244] In each time carrier time segment, certain TUs of
FDMO0, CDMO0 and CDM1 (i.e., F0, C0/C1) are designated
for channel estimation, synchronization, control information
etc. In each carrier time segment, devices backscatter in TUs
in FDMO0, FDM1, FDM2 and CDMO0, CDM1. This approach
can be suitable for backscatter systems where devices per-
form wireless power harvesting and/or can take advantage of
oscillator drift/circuit cool off time. This approach can be
suitable for high data rate applications (multiple FDMs/
CDMs by backscatter devices/terminals) and/or for high
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mobility scenarios. The specific designated TUs are only an
example; different TUs may be designed in different imple-
mentations.

[0245] In another embodiment, receiver multiplexing (i.e.,
to which receiver the devices will backscatter) is based on
FDM, and backscatter device multiplexing occurs based on
a combination of FDM and CDM. With this approach, each
receiver uses a specific frequency option, for example one of
FDM1, FDM2, FDMS3 in a situation where there are three
such options. As before, TUs of FDM0, CDM0 and CDM1
(i.e., F0, C0/C1) may be designated for channel estimation,
synchronization, control information etc. As before, for this
approach, the number of FDM options, TDM options, and
CDM options can vary from the specific example. The
specific designated TUs are only an example; different TUs
may be designed in different implementations.

[0246] Backscatter devices backscatter in TUs in TDMO,
TDM1, TDM2 and CDMO0, CDML1. If devices do not use
continuous TUs in time, this scheme can be suitable for
wireless power harvesting and/or oscillator drift/circuit cool
off time, and can also be suitable for low mobility scenarios.
[0247] In another embodiment, receiver multiplexing is
based on CDM, and backscatter device multiplexing occurs
based on a combination of FDM and TDM. Different
receivers use CDMO0, CDM1 and devices backscatter in TUs
in FDM0, FDM1, FDM2 and TDMO0, TDM1, TDM3. As
before, for this approach, the number of FDM options, TDM
options, and CDM options can vary from the specific
example.

[0248] TUs of FDM0, CDM0 and CDM1 (i.e., F0, C0/C1)
may be designated for channel estimation, synchronization,
control information etc. The specific designated TUs are
only an example; different TUs may be designed in different
implementations.

[0249] Various approaches may be used to mitigate inter-
ference due to asynchronous transmission.

[0250] In some embodiments, the carrier is OFDM based
and a long CP is used to mitigate the ISI (inter symbol
interference). For example, a CP that is longer than round
trip delay may be used. Example configurations of the CP
include:

[0251] Bistatic/Ambient: for this case, the CP is larger
than the combined path delays from carrier communi-
cation device/ambient RF source to device and device
to receiver;

[0252] Monostatic: for this case, the CP is larger than
the round trip delay from receiver to device (round trip:
receiver to device and device to receiver).

[0253] In some embodiments, backscatter gaps/guard
periods are provided to mitigate interference due to asyn-
chronous transmission. In such embodiments, backscatter
devices backscatter/modulate only a portion of the carrier
within a TU. The percentage of carrier used may be deter-
mined by a level of synchronization expected in the system.
In a first example, guard period/backscatter gap is larger
than the round trip delay. In a second example, guard
period/backscatter gap is larger than a factor a times of the
CP length.

[0254] An example is shown in FIG. 14. Shown are two
TUs TU=0 and TU=1. Backscatter transmission takes place
in a subset of time 1404, 1406 for each of the TUs, leaving
a guard period 1408 between the actual backscatter trans-
missions.
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[0255] As described previously, certain TUs may be dedi-
cated for one or more purposes other than backscatter
communication data transmission. Examples include:

[0256] TUs for channel estimation: Devices backscatter
TU(s) (with known sequence) for receiver to estimate
the channel;

[0257] TUs for time acquisition: Devices receive a
known sequence which backscatter devices use for
estimating the time and/or devices backscatter a known
sequence to the receiver for the receiver to estimate
round trip delay;

[0258] TUs for control information transmission: Infor-
mation such as resource grid parameters are obtained
by devices by receiving these TUs. Some example
information includes frequency domain and time
domain resource grid information, burst slot size, multi
slot enable/disable, inter burst gap, sub-carrier spacing,
multiplexing group related information, hopping
details, receiver identity.

[0259] In some embodiments, backscatter devices find
their corresponding receivers by searching for dedicated
TUs. For example, dedicated TUs may be used to transmit
a specific sequence that devices search to locate receivers
and obtain the backscatter communication information.
[0260] Anexample of signaling between different nodes in
the bistatic system is given in FIG. 15. In step 1501, the
backscatter device is activated. In some examples, a carrier
communication device, a gNB, or a receiver may perform
the activation. In some examples, the activation of the
backscatter device is optional.

[0261] In step 1502, the backscatter receives a carrier
signal. The carrier signal may be transmitted from a carrier
communication device, which could be the carrier commu-
nication device. Alternatively, the carrier communication
device may be a gNB transmitting the carrier signal. The
carrier signal can be received by the backscatter device
before or after the activation of the backscatter device.
[0262] In Process A, the backscatter device obtains the
information regarding the backscatter communication
resource grid structure, corresponding channel or TU, time
acquisition etc. based on details of above embodiments. The
details regarding backscattering opportunity of the backs-
catter device may be provided.

[0263] In step 1503, optionally, the backscatter device
transmits to a receiver backscatter signal that carries a
non-data component, for example, a pilot for channel esti-
mation.

[0264] In step 1504, the backscatter device transmits a
backscatter signal that carries data to the receiver.

[0265] In step 1505, optionally, the receiver may transmit
signals to the gNB.

[0266] Anexample of signaling between different nodes in
an ambient backscatter system is given in the FIG. 16. In
step 1601, the backscatter device is activated. In some
examples, a carrier communication device, a gNB, or a
receiver may perform the activation. In some examples, the
activation of the backscatter device is optional.

[0267] Instep 1602, the backscatter device receives Ambi-
ent RF signal from an ambient RF source. Alternatively,
gNB may be the ambient RF source. It is noted that the
ambient RF signal can be received by the backscatter device
before or after the activation of the backscatter device.
[0268] In Process B, the backscatter device obtains the
information regarding the backscatter communication
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resource grid structure, corresponding channel, time acqui-
sition etc. based on details of above embodiments. The
details regarding opportunity, channel, occasion, or TU for
backscattering of the backscatter device may be provided.
[0269] In step 1603, optionally, the backscatter device
transmits to a receiver backscatter signal that carries non-
data, for example, a pilot for channel estimation.
[0270] Instep 1604, the backscatter device transmits back-
scatter signal that carries data to the receiver.
[0271] In step 1605, optionally, the receiver may transmit
signals to the gNB.
[0272] An example of signaling between different nodes in
the monostatic backscatter system is given in FIG. 17. In
step 1701, the backscatter device is activated. In some
examples, gNB, receiver may perform the activation. In
some examples, the activation of the backscatter device is
optional.
[0273] In step 1702, the backscatter receives a carrier
signal from a carrier communication device. The carrier
signal can be received by the backscatter device before or
after the activation of the backscatter device.
[0274] In Process C, the backscatter device obtains the
information regarding the backscatter communication
resource grid structure, corresponding TU, channel, or time
acquisition etc. based on details of above embodiments. The
details regarding backscattering opportunity of the backs-
catter device may be provided.
[0275] In step 1703, optionally, the backscatter device
transmits to a receiver backscatter signal that carries non-
data, for example, a pilot for channel estimation.
[0276] Instep 1704, the backscatter device transmits back-
scatter signal that carries data to the receiver. In this
example, the receiver is the same device of the carrier
communication device.
[0277] In step 1705, optionally, the receiver may transmit
signals to the gNB.
[0278] The proposed schemes have wide applications. For
example, they can be used by wearable devices, as a part of
NR/LTE UE, machines (smart home), sensors in farm and
industrial settings, loT devices, side link communication.
[0279] The backscatter device can be within a UE, or can
be a wearable device such as smart watch, pet tabs, attaching
device such as bag tag. The device could be integrated to a
sensor device or smart home equipment (refrigerator,
washer, door opener, camera etc.).
[0280] A backscatter receiver can be a UE, wearable
device such as smart watch, base station etc. to name a few
specific examples.
[0281] Numerous modifications and variations of the pres-
ent disclosure are possible in light of the above teachings. It
is therefore to be understood that within the scope of the
appended claims, the disclosure may be practiced otherwise
than as specifically described herein.
1. A method comprising:
a backscatter device receiving a carrier signal from a
carrier communication device, the carrier signal having
a start time;
the backscatter device producing a backscatter carrier
signal from the received carrier signal;
at a time offset relative to the start time, the backscatter
device generating a backscattered signal by modulating
data using the backscatter carrier signal and transmit-
ting the backscattered signal using a transmission
resource; and
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wherein the time offset is predefined and at least in part

defines a time segment of the transmission resource.

2. The method of claim 1 wherein:

the backscatter device producing a backscatter carrier

signal from the received carrier signal comprises apply-
ing a frequency shift to the received carrier signal, the
frequency shift being one of a set of possible frequency
shifts, the set of possible frequency shifts including a
zero frequency shift;

wherein the frequency shift is predefined and at least in

part defines the transmission resource.

3. The method of claim 1 wherein:

modulating data comprises performing load modulation.

4. The method of claim 2 wherein generating the backs-
cattered signal comprises:

performing scrambling of symbols output by said modu-

lating data using a scrambling sequence, wherein a
symbol alphabet of symbols output by scrambling is the
same as a symbol alphabet of symbols output of said
modulating data,

wherein the scrambling sequence is predefined and at

least in part defines the transmission resource to be
used by the backscatter device.

5. The method of claim 4 wherein said modulating data
and said scrambling are performed in a single step using a
load modulator.

6. The method of claim 2 wherein generating the backs-
cattered signal comprises:

performing spreading of symbols output by said modu-

lating data using a spreading sequence, wherein a
symbol alphabet of symbols output by spreading is the
same as a symbol alphabet of symbols output by
modulating data,

wherein the spreading sequence is predefined and at least

in part defines the transmission resource.

7. The method of claim 6 wherein said modulating and
said spreading are performed in a single step using a load
modulator.

8. The method of claim 3 further comprising:

the backscatter device using a resistive impedance in the

load modulation to generate a zero output to achieve
sparse spreading in the output of load modulation.

9. The method of claim 1 further comprising:

the backscatter device performing charging of a battery of

the backscatter device using the received carrier during
a time that does not overlap with the time segment of
the transmission resource.

10. The method of claim 1 further comprising:

the backscatter device performing data reception using the

received carrier during a time that does not overlap
with the time segment of the transmission resource.

11. An apparatus comprising:

a processor and a memory, the apparatus configured to

implement a method comprising:

receiving a carrier signal from a carrier communication

device, the carrier signal having a start time;
producing a backscatter carrier signal from the received
carrier signal;

at a time offset relative to the start time, generating a

backscattered signal by modulating data using the
backscatter carrier signal, and transmitting the backs-
cattered signal using a transmission resource;
wherein the time offset is predefined and at least in part
defines a time segment of the transmission resource.
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12. The apparatus of claim 11 wherein:

producing a backscatter carrier signal from the received
carrier signal comprises applying a frequency shift to
the received carrier signal, the frequency shift being
one of a set of possible frequency shifts, the set of
possible frequency shifts including a zero frequency
shift;

wherein the frequency shift is predefined and at least in

part defines the transmission resource.

13. The apparatus of claim 11 comprising a load modu-
lator, wherein said modulating the data is performed using
the load modulator.

14. The apparatus of claim 12 wherein generating the
backscattered signal comprises:

performing scrambling of symbols output by said modu-

lating data using a scrambling sequence, wherein a
symbol alphabet of symbols output by scrambling is the
same as a symbol alphabet of symbols output of said
modulating data,

wherein the scrambling sequence is predefined and at

least in part defines the transmission resource to be
used by the apparatus.

15. The apparatus of claim 14 further comprising a load
modulator, wherein said modulating data and said scram-
bling are performed in a single step using the load modu-
lator.
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16. The apparatus of claim 12 wherein generating the
backscattered signal comprises:

performing spreading of symbols output by said modu-

lating data using a spreading sequence, wherein a
symbol alphabet of symbols output by spreading is the
same as a symbol alphabet of symbols output by
modulating data,

wherein the spreading sequence is predefined and at least

in part defines the transmission resource.

17. The apparatus of claim 16 further comprising a load
modulator, wherein said modulating and said spreading are
performed in a single step using the load modulator.

18. The apparatus of claim 13, further configured to:

perform sparse spreading by using a resistive impedance

in the load modulation to generate a zero output to
achieve sparse spreading in the output of the load
modulator.

19. The apparatus of claim 11 further configured to:

perform charging of a battery of the backscatter device

using the received carrier during a time that does not
overlap with the time segment of the transmission
resource.

20. The apparatus of claim 11 further configured to:

perform data reception using the received carrier during a

time that does not overlap with the time segment of the
transmission resource.
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