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(57) Abstract: Embodiments of the present disclosure provide methods, apparatuses and computer program for control signal trans-
mission and reception. A method implemented at a network device comprises; determining a first period and a first plurality of can -
didate transmission opportunities within the first period, for transmitting a first control signal through a wireless channel; selecting a
candidate transmission opportunity from the first plurality of candidate transmission opportunities within the first period; and trans -
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METHOD AND APPARATUS FOR CONTROL SIGNAL TRANSMISSION

TECHNICAL FIELD

[0001] The non-limiting and example embodiments of the present disclosure generally
relate to a technical field of wireless communications, and specifically to methods, apparatuses

and computer programs for control signal transmission.

BACKGROUND

[0002] This section introduces aspects that may facilitate a better understanding of the
disclosure. Accordingly, the statements of this section are to be read in this light and are not to
be understood as admissions about what is in the prior art or what is not in the prior art.

[0003] Motivated by massive growth of device number and traffic volume, a next
generation wireless communication network (also referred to as the fifth generation (5G), NX or
NR) is being studied. The next generation wireless communication network aims at enabling a
truly Networked Society, where information can be accessed and data can be shared anywhere
and anytime by anyone and anything. Besides, the next generation wireless communication
network will provide an increasingly wide range of applications which may have variable
requirements and characteristics. Enterprise solution is an important application case for the
5G radio access technology (RAT), which enables a company, a factory or even a householder
to set up a network for serving its private devices. _

[0004] Unlicensed bands are more feasible for the enterprise solutions, since they are shared
bands and allow flexible and independent network deployment. One important requirement for
the enterprise solution to succeed is to enable a standalone operation in the unlicensed band
without assistance from a licensed band. To satisfy such a requirement, reliable signaling
transmission (e.g. synchronization signal, system information, paging, reference signal, and so

on) should be guaranteed.

SUMMARY

[0005] The unlicensed spectrum (e.g., 5G Hz) is a shared spectrum, and then a signal
transmission on a wireless channel from a device may need to be cancelled if the wireless
channel is already occupied by another device, in order to avoid significant interference to/from
the other device. It means that, in such a case, delivery of the signal has to be delayed. This

may result in problems in various aspects, some of which are listed below:
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- If the signal contains system information which is necessary for a network access of a

terminal device, the delay may cause a problem that the terminal device cannot be served in

time;

- If the signal provides synchronization related information, the delay may cause a problem

that a terminal may be un-synchronized with a network and thus lose connection with the

network;

- If the signal carries a trigger for data transmission or reception, the delay may cause

latency for the corresponding data transmission/reception to increase.
[0006] In order to solve at least part of the above problems, methods, apparatuses and
computer programs are provided in the present disclosure. It can be appreciated that
embodiments of the present disclosure are not limited to a wireless system operating in an
unlicensed band, but could be more widely applied to any application scenario where similar
problem exists.
[0007] Various embodiments of the present disclosure mainly aim at providing methods,
apparatuses and computer programs for facilitating reference signal transmission in a wireless
communication network. Other features and advantages of embodiments of the present
disclosure will also be understood from the following description of specific embodiments when
read in conjunction with the accompanying drawings, which illustrate, by way of example, the
principles of embodiments of the present disclosure.
[0008] In a first aspect of the disclosure, there is provided a method implemented at a
network device. The method includes: determining a first period and a first plurality of
candidate transmission opportunities within the first period, for transmitting a first control signal
through a wireless channel; selecting a candidate transmission opportunity from the first
plurality of candidate transmission opportunities within the first period; and transmitting the first
control signal through the wireless channel to a terminal device using the selected candidate
transmission opportunity.
[0009] In one embodiment, the first plurality of candidate transmission opportunities may
be determined by one of: a transmission time window, which indicates a time interval for a
plurality of transmissions of the first control signal, and a plurality of time positions, each of the
plurality of time positions indicating a time position for starting a transmission of the first
control signal.
[0010] In another embodiment, determining the first period and the first plurality of
candidate transmission opportunities may include determining the first period and the first
plurality of candidate transmission opportunities based on at least one ofi a predefined

configuration for the first period and the first plurality of candidate transmission opportunities, a
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type and/or content of the first control signal, a status of the wireless channel, and a quality of
service (QoS) requirement of the device.

[0011] In some embodiments, the method may further include incorporating an indication
into the first control signal before the transmitting, for indicating a time offset of the selected
candidate transmission opportunity within the first period. In one embodiment, incorporating
the indication into the first control signal may include at least one of: including the indication as
a part of a payload of the first control signal; and selecting a transmission configuration from a
first set of transmission configurations based on the selected candidate transmission opportunity,
wherein each transmission configuration of the first set of transmission configurations is mapped
to a candidate transmission opportunity of the first plurality of candidate transmission
opportunities.

[0012] In one embodiment, the method may further include detecting availability of the
wireless channel before transmitting the first control signal; and wherein said selecting a
candidate transmission opportunity from the first plurality of candidate transmission
opportunities within the first period may include selecting the candidate transmission
opportunity based on a result of the detection, such that the wireless channel is available during
the selected candidate transmission opportunity. In another embodiment, detecting availability
of the wireless channel before transmitting the first control signal may include starting the
detection before the first candidate transmission opportunity of the first plurality of candidate
transmission opportunities. In an embodiment, a time period from starting the detection to the
first candidate transmission opportunity may depend on a probability of the wireless channel
being detected as available.

[0013] In still another embodiment, the method may further include determining a second
period and a second plurality of candidate transmission opportunities within the second period,
for transmitting a second control signal through the wireless channel; selecting a further
candidate transmission opportunity from the second plurality of candidate transmission
opportunities within the second period; and transmitting the second control signal through the
wireless channel to the device using the selected further candidate transmission opportunity. In
one embodiment, selecting the further candidate transmission opportunity may be based on the
selected candidate transmission opportunity for the first control signal.

[0014] In a second aspect of the disclosure, there is provided a method implemented in a
terminal device. The method includes determining a first period and a first plurality of
candidate transmission opportunities within the first period, for receiving a first control signal
through the wireless channel; and detecting the first control signal from a network device within

the first period according to the determination.
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[0015] In one embodiment, the first plurality of candidate transmission opportunities may
be determined by one of: a transmission time window, which indicates a time interval for a
plurality of transmissions of the first control signal, and a plurality of time positions, each of the
plurality of time positions indicating a start time position for transmission of the first control
signal.

[0016] In one embodiment, the method may further include obtaining an indication from the
detected first control signal, the indication indicating a time offset of the detected first control
signal within the first period.

[0017] In another embodiment, the method may further include synchronizing with the
network device at least partly based on the obtained indication. In still another embodiment,
obtaining an indication from the detected first control signal may include at least one of:
extracting the indication from a payload of the first control signal, and obtaining the indication
based on a transmission configuration of the detected first control signal.

[0018] In a third aspect of the disclosure, there is provided a network device. The network
device includes a first determination unit, configured to determine a first period and a first
plurality of candidate transmission opportunities within the first period, for transmitting a first
control signal through a wireless channel; a first opportunity selection unit, configured to select
a candidate transmission opportunity from the first plurality of candidate transmission
opportunities within the first period; and a first transmitting unit, configured to transmit the first
control signal through the wireless channel to a terminal device using the selected candidate
transmission opportunity.

[0019] In a fourth aspect of the disclosure, there is provided a terminal device. The
terminal device includes a third determination unit, configured to determine a first period and a
first plurality of candidate transmission opportunities within the first period, for receiving a first
control signal through a wireless channel; and a first detection unit, configured to detect the first
control signal from a network device within the first period according to the determination.
[0020] In a fifth aspect of the disclosure, there is provided a network device. The network
device includes a processor and a memory, said memory containing instructions executable by
said processor, and said processor being configured to cause the network device to perform a
method according the first aspect of the present disclosure.

[0021] In a sixth aspect of the disclosure, there is provided a terminal device. The terminal
device includes a processor and a memory, said memory containing instructions executable by
said processor and said processor being configured to cause the terminal device to perform a

method according the second aspect of the present disclosure.
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[0022] In a seventh aspect of the disclosure, there is provided a computer program,
comprising instructions which, when executed on at least one processor, cause the at least one
processor to carry out a method according to the first aspect of the present disclosure.

[0023] In an eighth aspect of the disclosure, there is provided a computer program,
comprising instructions which, when executed on at least one processor, cause the at least one
processor to carry out a method according to the second aspect of the present disclosure.

[0024] According to the various aspects and embodiments as mentioned above, control

signal transmission can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other aspects, features, and benefits of various embodiments of the
present disclosure will become more fully apparent, by way of example, from the following
detailed description with reference to the accompanying drawings, in which like reference
numerals or letters are used to designate like or equivalent elements. The drawings are
illustrated for facilitating better understanding of the embodiments of the disclosure and not
necessarily drawn to scale, in which:

[0026] FIG. 1 illustrates an example wireless communication network 100 in which
embodiments of the disclosure may be implemented,;

[0027] FIG. 2 illustrates an example of a listen before talk procedure in a Wireless Fidelity
(WiFi) system,;

[0028] FIG. 3 illustrates conventional transmission of an access information table (AIT) and
a system signature sequence index (SSI) signal;

[0029] FIG. 4 illustrates an example for paging signal transmission and monitoring;

[0030] FIGs. 5a-5d illustrate flowcharts of a method implemented at a network device
according to an embodiment of the present disclosure;

[0031] FIG. 6a-6d illustrate examples of transmitting control signals according to
embodiments of the present disclosure;

[0032] FIGs. 7a-7c illustrate flowcharts of a method implemented at a terminal device
according to an embodiment of the present disclosure;

[0033] FIG. 8 illustrate flowcharts of a method implemented at a terminal device according
to another embodiment of the present disclosure;

[0034] FIG. 9 illustrates a schematic block diagram of an apparatus 900 implemented as/in a
network device according to an embodiment of the present disclosure;

[0035] FIG. 10 illustrates a schematic block diagram of an apparatus 1000 implemented

as/in a terminal device according to an embodiment of the present disclosure; and
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[0036] FIG. 11 illustrates a simplified block diagram of an apparatus 1110 that may be
embodied as/in a network device, and an apparatus 1120 that may be embodied as/in a terminal

device.

DETAILED DESCRIPTION

[0037] Hereinafter, the principle and spirit of the present disclosure will be described with
reference to illustrative embodiments. It should be understood, all these embodiments are
given merely for one skilled in the art to better understand and further practice the present
disclosure, but not for limiting the scope of the present disclosure. For example, features
illustrated or described as part of one embodiment may be used with another embodiment to
yield still a further embodiment. In the interest of clarity, not all features of an actual

implementation are described in this specification.

b3 W«

[0038] References in the specification to “one embodiment,” “an embodiment,” “an
example embodiment,” etc. indicate that the embodiment described may include a particular
feature, structure, or characteristic, but it is not necessary that every embodiment includes the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature, structure, or characteristic in
connection with other embodiments whether or not explicitly described.

[0039] It shall be understood that, although the terms “first” and “second” etc. may be used
herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and similarly, a second element could be termed a
first element, without departing from the scope of example embodiments. As used herein, the
term “and/or” includes any and all combinations of one or more of the associated listed terms.
[0040] The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be liming of example embodiments. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises”,
“comprising”, “has”, “having”, “includes™ and/or “including”, when used herein, specify the
presence of stated features, elements, and/or components etc., but do not preclude the presence

or addition of one or more other features, elements, components and/ or combinations thereof.
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[0041] In the following description and claims, unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary
skills in the art to which this disclosure belongs.

[0042] As used herein, the term “wireless communication network™ refers to a network
following any suitable wireless communication standards, such as LTE-Advanced (LTE-A),
LTE, Wideband Code Division Multiple Access (WCDMA), High-Speed Packet Access
(HSPA), and so on. Furthermore, the communications between network devices in the wireless
communication network may be performed according to any suitable generation communication
protocols, including, but not limited to, the first generation (1G), the second generation (2G),
2.5G, 2.75G, the third generation (3G), the fourth generation (4G), 4.5G, the future fifth
generation (5G) communication protocols, and/or any other protocols either currently known or
to be developed in the future.

[0043] As used herein, the term “network device” refers to a device in a wireless
communication network via which a terminal device accesses the network and receives services
therefrom. The network device may refer to a base station (BS) or an access point (AP), for
example, a node B (NodeB or NB), an evolved NodeB (¢NodeB or eNB), a Remote Radio Unit
(RRU), a radio header (RH), a remote radio head (RRH), a relay, a low power node such as a
femto, a pico, and so forth.

[0044] The term “terminal device” refers to any end device that can access a wireless
communication network and receive services therefrom. By way of example and not limitation,
a terminal device may be a user equipment (UE), which may be a Subscriber Station (SS), a
Portable Subscriber Station, a Mobile Station (MS), or an Access Terminal (AT). The terminal
device may include, but not limited to, a mobile phone, a cellular phone, a smart phone, a tablet,
a wearable device, a personal digital assistant (PDA), portable computers, image capture
terminal devices such as digital cameras, gaming terminal devices, music storage and playback
appliances, wearable terminal devices, vehicle-mounted wireless terminal devices and the like.
[0045] In the following description, the terms “terminal device”, “terminal”, “user
equipment” and “UE” may be used interchangeably.

[0046] FIG. 1 illustrates an example wireless communication network 100 in which
embodiments of the disclosure may be implemented. As shown in FIG. 1, the wireless
communication network 100 may include one or more network device, for example network
device 101, which may be in the form of an eNB. It will be appreciated that the network
device 101 could also be in a form of a Node B, BTS (Base Transceiver Station), and/or BSS
(Base Station Subsystem), access point (AP) and the like. The network device 101 provides

radio connectivity to a plurality of terminal devices for example UEs 102-103 within its
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coverage. A downlink transmission from the base station to UE may carry data/control signals
dedicated to the UE, or common control signals to all or a group of UEs.

[0047] As discussed above, to support a standalone wireless system in an unlicensed band,
reliable signaling transmission, especially transmission of a common control signal, such as
synchronization signal, system information, paging and reference signal, needs to be provided.
In the unlicensed band, the reliable signaling transmission may subject to a listen before talk
(LBT) constraint.

[0048] The key idea of LBT is that a source node (SN) listens to check status of a channel
before it actually transmits to a destination node (DN) in the channel. In other words, a default
mode of the LBT for the SN is ‘not to send’, and data is sent by the SN only when the channel is
determined as available by listening. Here ‘available’ means that a planned transmission in this
channel will neither interfere nor be interfered by a current ongoing transmission. Herein,
“listening” and “listen” may also be referred to as “sensing” or “detecting” or “sense” or
“detect” separately. For LBT, it should also be considered that how long a time duration
should be used for listening before a transmission. For this purpose, a back-off counter is
introduced for LBT. The counter is generated randomly when the SN plans to transmit data,
and decreases if the channel is sensed as idle. The SN regards the channel as idle when the
counter expires, and may start to transmit data in the channel. One example of LBT operations
in a WiFi system is given in FIG. 2.

[0049] In this example, user A’s data arrives at Time T1, then user A plans to transmit the
data and starts sensing the channel. If the channel is idle/available, user A may transmit its
data after a DIFS time period. After a time period of SIFS following its data transmission, user
A transmits ACK. As shown in FIG. 2, user C’s data arrives at time T2 during user A
transmits data. User C senses the channel and finds that the channel is busy, and then it defers
its data transmission till user A completes its ACK transmission at time T3. Then both user A
and user C sense the channel and find that the channel is idle. They defer their transmission for
a time period of DIFS, and after that each of the user A and the user C starts a back-off counter
to determine when to start data transmission. In this example, the back-off counter of user C
expires earlier than that of user A, and then user C gets a transmission opportunity and starts its
transmission at time T4.

[0050] To reduce energy consumption in the network and to fully enable utilizing high gain
beam forming or other multi-antenna techniques, a concept has been defined separating the
system control plane from the data plane for the next generation wide arca networks. The
system information can be carried by, for example, a broadcasted access information table (AIT)

and system signature sequence index (SSI), as shown in FIG. 3, where the AIT may indicate a
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plurality of configuration indexes and corresponding configuration associated with each of the
plurality of configuration indexes, while the SSI may include an index which can be used to
retrieve information from the broadcasted AIT. To reduce network energy consumption, the
broadcast signals, such as AIT and/or SSI, are expected to be infrequent compared to current
reference signals in cellular systems. For example, the AIT may be typically transmitted with a
long periodicity (e.g., from 1.024s up to 10.24s). The SSI may be transmitted more often than
the AIT, as shown in FIG. 3. For example, the SSI can be transmitted every 100 ms. An AIT
would provide initial access related parameters and relevant system information (e.g., similar
information as system information block 1 or system information block 2 (SIB1/SIB2) in LTE)
for one or more areas. The SSI provides time/frequency synchronization as well as a mapping
to a table entry in the AIT. A received SSI is used by the receiver for deriving access
information from the table, and the received power of the SSI is used for layer selection and
open-loop power control. The received SSI timing may be used for determining the physical
random access channel (PRACH) transmission timing window.

[0051] Besides system information which can be carried by, for example, the AIT and the
SSI, a paging signal is another important control signal. If there is downlink data for an idle
terminal device, the network device can send a paging signal to wake up the terminal device for
data reception. A general principle for paging signaling design is to enable reception with
minimal energy consumption at the terminal device side, and achieve resource-efficiency for the
network. For example, when possible, a solution for the paging signaling design should make
it sufficient for the terminal device to know whether it has been paged by reading a single signal.
One example is given in FIG. 4. Different terminal devices could be configured to wake up at
different time position to receive the paging signal. The paging signal position for one terminal
device may appear periodically, as shown in FIG. 4.

[0052] Since unlicensed spectrum (e.g., 5G Hz) is a shared spectrum, then for signal
transmission over the unlicensed spectrum, LBT may be required in some areas such as Europe
and Japan. This requirement applies to both data transmission and control signal (such as AIT,
SSI, paging signal, etc.) transmission. Therefore, when a NX system is operated standalone
over the unlicensed spectrum, it means that a control signal (e.g., ATI/SSI/TRA/Paging signal)
can be transmitted only when the channel is sensed/detected as idle.

[0053] One simple way is to perform channel sensing for certain time period before a
predetermined control signal transmission. The problem here lies in that there is a high
probability that a control signaling transmission has to be cancelled due to a fact that the channel
is detected as unavailable. In such a case, the control signaling transmission has to be delayed.

This may result in problems in different aspects, some of which are listed below:
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- If AIT containing access-related information is not transmitted for a long time period,

some UEs may have problem in being served due to failing to get information on access

configuration;

- If SSI which provides synchronization and access index is not transmitted, UEs may not

be synchronized with network and thus lose connection;

- If paging signal is not transmitted when DL data transmitted, delay of data transmission

would be significantly increased.
[0054] Therefore solutions should be provided to ensure/increase a transmission opportunity
for control signals (for example, ATI and/or SSI, and /or Paging signal) in the unlicensed band,
and it is vital to keep as good a performance for a NX systems as that for a licensed carrier.
[0055] In order to solve at least part of the above problems, methods, apparatuses and
computer programs have been proposed herein. It should be appreciated that embodiments of
the disclosure are not limited to a wireless system operating in an unlicensed band, but could be
more widely used to any application scenario where similar problem exists.
[0056] Reference is now made to FIGs. 5a-5d, which show flowcharts of a method 500 in a
wireless communication network (e.g., the wireless communication network 100 shown in FIG.
1), for communicating with a terminal device (e.g., terminal device 102 or 103 of FIG. 1). In
one embodiment, the method 500 may be implemented by a network device, for example the
network device 101 as shown in FIG. 1.
[0057] As illustrated in FIG. 5a, the method 500 includes determining, at block 510, a first
period and a first plurality of candidate transmission opportunities within the first period, for
transmitting a first control signal through a wireless channel. The first period indicates
periodicity for transmitting the first control signal, and each of the first plurality of candidate
transmission opportunities refers to a candidate resource for transmitting the first control signal.
At block 520, a candidate transmission opportunity is selected from the first plurality of
candidate transmission opportunities within the first period. At block 530, the first control
signal is transmitted through the wireless channel to the terminal device (e.g., terminal device
102 or 103 shown in FIG. 1) using the selected candidate transmission opportunity.
[0058] With the method 500, probability for a control signal transmission to succeed is
increased, and correspondingly user experience can be improved.
[0059] In one embodiment, the first control signal can be a common control signal, for
example an AIT, or a SSI, or other control signal indicating system information which may be
used by a group of UEs. In another embodiment, the first control signal may be a control
signal targeted for reception by a specific terminal device. For example, it may be a paging

signal or any other dedicated signals. It will be appreciated that, in some embodiments, the
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first control signal may include both common control and dedicated control signals. In a
further embodiment, the first control signal can be replaced by user data.

[0060] As one alternative, in one embodiment, the first plurality of candidate transmission
opportunities determined at block 510 can be provided by a transmission time window. The
transmission window indicates a time interval for a plurality of transmissions of the first control
signal. That is, a definition for any discrete starting position of a transmission may not be
required (but also not excluded) in this embodiment. The transmission of the first control
signal may starts at any selected time point within the transmission window and completes
within the transmission window. An example is shown in FIG.6a, where the selected
transmission opportunity can occur at any time point of the transmission window with a time
offset relative to the starting point of the transmission window.

[0061] In another embodiment, the first plurality of candidate transmission opportunities
can be provided by a plurality of time positions, each of the plurality of time positions indicating
a time position for starting the transmission of the first control signal. An example is shown in
FIG.6b where three candidate transmission opportunities are illustrated. In this example, the
first candidate transmission opportunity is selected for transmitting the first control signal in the
ith period, and in the (i+1)th period, a different second candidate transmission opportunity is
selected.

[0062] The above embodiments may be implemented in a NX system operating in an
unlicensed band, for example, to ensure/increase transmission opportunity of a control signal
transmission (e.g., ATI/SSI/Paging signal) or data transmission, over unlicensed spectrum, a
plurality of candidate positions in one transmission (TX) period could be configured compared
to corresponding predetermined transmission time positions for the NX system in a licensed
carrier.

[0063] In some embodiments, at block 510, the network device may determine the first
period and/or the first plurality of candidate transmission opportunities based on status of the
wireless channel, and/or a quality of service (QoS) requirement of the device. For example, if
the channel often is busy/crowed, or in other words, probability of a successful transmission is
low, the network device may determine to configure more candidate transmission opportunities
in the first period. As another example, if the terminal device is delay tolerant, a small number
of candidate transmission opportunities may be configured in the first period, since the terminal
device may receive the first control signaling in next transmission period if the network device
fails to transmit in current period/cycle, and it may not impact the QoS of the terminal device

significantly.
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[0064] Alternatively or additionally, in another embodiment, at block 510, the network
device may determine the first period based on a type and/or content of the first control signal.
For example, if the first control signal contains information which needs to be updated
frequently, the first period (i.e., transmission period of the first control signal) may be
determined to be small. These embodiments provide increased configuration flexibility for the
transmission of the control signal, and facilitate obtaining a balance between performance and
power consumption of a receiver (i.e., a terminal device).

[0065] In some embodiments, a configuration for the first period and/or number of
candidate transmission opportunities of the first control signal may be predefined, for example,
specified in a communication standard, and then at block 510, the network device may
determine based on the predefined configuration.

[0066] In some other embodiment, the determination at block 510 may be based on both a
predefinition and at least one of the factors mentioned above. For example, there can be a
predefined set of configurations for the first period and/or the plurality of candidate transmission
opportunities, and the network device may determine at block 510 by selecting a suitable
configuration to use from the predefined set, based on a QoS requirement, and/or a type and/or
content of the first control signal, and/or channel status.

[0067] Optionally, as shown in FIG. 5b, the method may include a block 570, where the
network device may transmit information indicating a configuration for at least one of the first
period and the first plurality of candidate transmission opportunities to a terminal device. It
can be appreciated that if the configuration for the first period and/or the first plurality of
candidate transmission opportunities is predefined or can be obtained by the terminal device
implicitly, the block 570 may be omitted.

[0068] In one embodiment, the method 500 may optionally include a block 540, as shown in
FIG. 5a. At block 540, the network device may incorporate an indication into the first control
signal before the transmitting at block 530. The indication is used for indicating a time offset
of the selected candidate transmission opportunity within the first period, for example, a time
offset of the selected candidate transmission opportunity relative to a reference time point. The
reference time point may be, for example, a starting point of a transmission window, an end
point of the transmission window, or any other predetermined time point within the first period.
[0069] Some example embodiments of the block 540 are illustrated in FIG. 5c. In one
embodiment, block 540 may include a sub-block 5401 where the network device may include
the indication as a part of a payload of the first control signal. ~Alternatively or additionally, in
another embodiment, the network device may incorporate the indication to the first control

signal implicitly. For example, the block 540 may include a sub-block 5402, where the
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network device may select a transmission configuration from a first set of transmission
configurations based on the sclected candidate transmission opportunity, wherein each
transmission configuration of the first set of transmission configurations is mapped to a
candidate transmission opportunity of the first plurality of candidate transmission opportunities.
In this way, the selected candidate transmission opportunity and its time offset can be indicated
by the selected transmission configuration for the first control signal without additional
signaling overhead.

[0070] In some embodiments, the transmission configuration may be a configuration for a
sequence used by the first control signal, and/or, a cyclic shift of a sequence for the first control
signal, and/or, an orthogonal cover code (OCC) to be used for the first control signal.
Correspondingly, the first set of transmission configurations may include at least one of the
following for transmitting the first control signal: a set of sequences, a set of cyclic shifts of a
sequence, and a set of orthogonal cover codes.

[0071] A mapping between a transmission configuration for the first control signal and a
candidate transmission opportunity of the first plurality of candidate transmission opportunities
may be predefined, in one embodiment. In another embodiment, the mapping may be
transmitted to the device via a message at block 550, as shown in FIG. 5b. The message may
be a physical layer message or a higher layer message, and embodiments of the present
disclosure are not limited to any specific message for conveying the indication.

[0072] In some embodiments, before transmitting the first control signal at block 530, the
network device may detect availability of the wireless channel at block 560. The detection
may be performed according to a predefined LBT principle. In one embodiment, block 520
may include a sub-block 5201, where the network device may select the candidate transmission
opportunity based on a result of the detection at block 560, such that the wireless channel is
available during the selected candidate transmission opportunity, as shown in FIG. 5b. Some
examples are illustrated in FIG.6a-6d.

[0073] In an example shown in FIG. 6a, the method 500 may be used for an AIT
transmission and one TX window is configured in each transmission period, i.e. the AIT is only
allowed to be transmitted within this time window in each period. This transmission window
(i.e. maximum offset) may be predefined or indicated to a terminal device via signaling for
scanning AIT blindly. The eNB may start LBT before a periodical AIT transmission (e.g.
every 10s). When the LBT succeeds in this TX window, the AIT may be transmitted as early
as possible, as shown in FIG.6a. A time offset of the transmission (e.g., with respect to the
starting position of the TX window) may be included in the content of AIT. Besides the time

offset, System Frame Number (SFN)/Timing information may also be provided in the AIT
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content. The SFN/Timing may indicate the time in the granularity of 10ms in a NX system
instead of a Ims used in LTE. The AIT transmission offsets may be indicated with a ms-level
(less than 10ms) granularity. Finally, a real AIT transmission time can be obtained at the
receiver side based on a combination of SFN/Timing and ms-level time offset.

[0074] In another example, the method 500 may be used for a SSI transmission. In a NX
system designed for a licensed band, a SSI transmission is periodical signal sequence (e.g. every
100ms) to provide synchronization. Besides, the sequence is allocated in a pre-defined group
of subcarriers, e.g., a small number of possible positions of the working carrier. However,
operating a NX system in an unlicensed band may face many challenges. First, a large number
of candidate SS sequences are needed to reduce the possibility that SSIs from different
un-coordinated network nodes are same. The actual size of SSI bits is for future study.
Second, LBT may be performed in the process of SSI transmission. In particular, the eNB may
start listening certain time (e.g. 4 subframes) before a periodical SSI transmission. When the
randomly generated back-off counter expires, reservation signal may be inserted until SSI
transmission starts to avoid other users to jump in. In order to prioritize SSI transmission
compared to data transmission, shorter contention window than for data transmission will be
used, e.g. maximally Q=8 slots for SS and maximally Q=20 slots for data, where [0, Q] is the
range for random back off counter. Since SSI transmission is only located in a small number
of possible positions in the carrier, DL data transmission or dummy signals may be transmitted
in other subcarriers at the same time, so that other listening devices can regard this carrier as
busy (i.e. occupied) by energy sensing. The AIT or other useful system information could be
put here as well. It is possible that the LBT fails at the transmission time of SSI, in such a case,
the SSI transmission has to be delayed. To alleviate such problem, multiple candidate
positions for SSI transmission may be predefined. In the example shown in FIG.6b, three
candidate transmission positions are configured for SSI transmission in a transmission period.
If the LBT fails until starting point of the first candidate transmission position, the network
device may continue to monitor the channel and seeks opportunity to transmit SSI in the second
or third candidate positions. The network device needs to perform channel sensing before each
candidate position. If the LBT succeeds prior to the starting point of the first candidate
transmission position, as shown in FIG.6b, the network device may try to transmit the SSI using
the first candidate transmission opportunity. Optionally, as shown in FIG.6b, to avoid the
wireless channel being occupied by other users before the SSI transmission, the network device
may insert some reservation signals to the wireless channel to prevent the channel from being
detected as idle. Further, as described above, depending on the selected candidate transmission

opportunity, the network device may use a corresponding sequence for the SSI transmission,
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thereby indicating a time offset of the SSI transmission with respect to a reference time position.
That is, one sequence set may be predefined and the sequences are mapped to the candidate
transmission positions according to predefined rules. Such predefined mapping relationships
help the terminal device to derive the radio frame/subframe timing in practice. ~Altematively, a
same SS sequence with different cyclic shifts (CS) may be used for different candidate
transmission positions. Likewise, the cyclic shift to candidate position mapping may be
predefined. As another option, a same SS sequence with different orthogonal cover codes
(OCC) may be used for different candidate transmission positions. The orthogonal codes to
candidate position mapping may be predefined. In some embodiments, these mapping may be
indicated to UEs via a signaling, as described with reference to block 550.

[0075] FIG. 6¢c provides another example, where a NX operator 1 (denoted as OP1 in
FIG.6¢) and a NX operator 2 (denoted as OP2 in FIG.6¢) have different back-off counters.
Both the OP1 and the OP2 start listening (also referred to as sensing or detecting) the channel at
time t1, and they both detected at time t2 that the channel is idle. When the OP1’s back-off
counter expires, it will transmit. In this example, OP1 starts to transmit the reservation signals
at time t3 and then transmit the SSI at the second transmission opportunity. The OP2 considers
this channel as busy and stops back-off at t3. When SSI transmission of OP1 ends, OP2
resumes its counter to finish the rest back-off time at t4 and then transmits the SSI using the
third candidate transmission opportunity. In this example, thanks to the multiple candidate
transmission opportunities, both the OP1 and the OP2 find a chance for the SSI transmission in a
transmission period.

[0076] In still another example, the method 500 may be applied to a paging signal
transmission, as shown in FIG. 6d. A network device could configure multiple time positions
for paging signal transmission. For example, the network device may configure multiple ( two
for terminal device 1 and three for terminal device 2 in this example) adjacent time durations
(e.g. frames) for one terminal device’s paging signal monitoring in one period as shown in
FIG.6d. The number of candidate time positions may be terminal device-specific, e.g., a
delay-tolerant terminal device could be configured with a smaller number of candidate positions
since it may receive paging in next transmission period when paging transmission fails in
current transmission period, without impacting its QoS much, while a delay-sensitive terminal
devices would be configured with more candidate positions to reduce data transmission latency.
The network device may start LBT before a paging transmission period for an intended terminal
device and transmit paging signal in one of the multiple candidate positions when it succeeds.
[0077] Embodiments of the present disclosure are not limited to any specific algorithm/rules

for selecting a candidate transmission opportunity, and any specific operation performed at
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block 520 for this purpose. Just for illustrative purpose, in FIG. 5¢, some example operations
that may be performed at the sub-block 5201 are provided. For example, the network device
may start a timer at a sub-block 5201-1 when the wireless channel is detected as available, and
then select an earliest candidate transmission opportunity when the timer expires at a sub-block
5202.

[0078] In another embodiment, block 5201 may include a sub-block 5201-3 and another
sub-block 5201-4. At 5201-3, the network device may suspend the timer when the wireless
channel is detected as being occupied before the timer expires; and at block 5201-4, the network
device resumes the timer when the wireless channel is detected as available again. One
example can be found in FIG.6¢c, where the OP2 suspends its counter when the OP1 starts its
transmission at t3 and resumes its counter when the OP1 completes its transmission.

[0079] In one embodiment, the detection performed at block 560 may continue before the
timer expires, as shown in FIG. 5b as a sub-block 5601. Altematively or additionally, in
another embodiment, at block 560, the network device may start the detection before the first
candidate transmission opportunity of the plurality of candidate transmission opportunities in the
first period, as shown in FIG. 5b as a sub-block 5602. Examples of such a detection operation
are also illustrated in FIG.6b-6c¢.

[0080] In a further embodiment, a time period from starting the detection (or, in other words,
starts the listening or channel sensing) to the first candidate transmission opportunity, i.e., a time
gap between the starting of the detection and the first candidate opportunity, may depend on a
probability of the wireless channel being detected as available. In one embodiment, the time
period (or, time gap) may be configured by the network device adaptively according to a
probability for failing to obtain a transmission opportunity in the channel, or a probability for
obtaining a transmission opportunity in the channel successfully. For example, the time period
may be configured longer when in last transmission period, the network device fails to transmit
the AIT successfully. In this way, the network device may sense the channel more efficiently,
and amount of reservation signals to be inserted (e.g., the reservation signal shown in FIG. 6c)
before transmitting the first control signal can be kept at a reasonable level.

[0081] The principle of providing a plurality candidate transmission opportunities for
selection in a transmission period to increase probability of successful transmission may be
applied to transmission of a plurality of control signals. For example, in one embodiment, the
method may further include blocks 580, 590 and 5A0, as shown in FIG. 5d. At block 580, the
network device may determine a second period and a second plurality of candidate transmission
opportunities within the second period, for transmitting a second control signal through the

wireless channel. At block 590, the network device may select a further candidate transmission
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opportunity from the second plurality of candidate transmission opportunities within the second
period. At block 5A0, the network device may transmit the second control signal through the
wireless channel to the terminal device using the selected further candidate transmission
opportunity. In one embodiment, the first control signal may be an AIT, and the second control
signal may be a SSI, or vice versa. In another embodiment, the second control signal may be a
paging signal. In other embodiments, the second control signal can be any suitable control
signal.

[0082] In an embodiment where both a first control signal and a second control signal are
provided a plurality of candidate transmission opportunities, at block 590, the network device
may select the further candidate transmission opportunity for the second control signal based on
the selected candidate transmission opportunity for the first control signal. For example, the
candidate transmission opportunities (e.g., candidate transmission positions, and/or a
transmission window) for AIT transmission may be predefined with respect to the candidate
positions of the SSI transmissions. The SSI and the AIT can either be transmitted in parallel or
sequentially. In this embodiment, the network device may not perform LBT for SSI and AIT
transmissions separately. Instead, when the LBT for a SSI transmission succeeds, the network
device may start transmitting the AIT and the SSI simultaneously, e.g., by using different
frequency or code resource. Alternatively, when the LBT for a SSI transmission succeeds, the
network device may start transmitting one of the AIT and the SSI, and transmits the other after
completing transmission of the one of the AIT and the SSI. It should be appreciated that since
the AIT transmission cycle may be larger than the SSI TX cycle, the two control signals may not
always be transmitted together, for example, there may be no AIT transmission in some SSI
transmission cycles. In this embodiment, detection at the terminal device side can be
simplified.

[0083] Alternatively or additionally, in another embodiment, the first control signal
transmitted at block 530 may include configuration information for transmitting the second
control signal. For example, the first control signal may include information indicating at least
one of the following: a mapping between a transmission configuration for the second control
signal and a candidate transmission opportunity of the second plurality of candidate transmission
opportunities, configuration for the second period, and configuration for the second plurality of
candidate transmission opportunities. This embodiment allows the network device to configure
the transmission of the second control signal adaptively. For example, when it is determined
that the wireless channel is less crowded, the number of candidate position could be configured
smaller via the first control signal. It can be appreciated that the configuration for the second

control signal can also be predefined, for example, hard coded in standardization.
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[0084] Reference is now made to FIGs.7a-7¢, which show flowcharts of a method 700
implemented at a terminal device (e.g., terminal device 102 or 103 of FIG. 1) for receiving a
first control signal through a wireless channel in a wireless communication network (e.g., the
wireless communication network 100 shown in FIG. 1).

[0085] As illustrated in FIG.7a, the method 700 includes determining, at block 710, a first
period and a first plurality of candidate transmission opportunities within the first period, for
receiving the first control signal through the wireless channel; and detecting, at block 720, the
first control signal from a network device within the first period according to the determination.
In some embodiments, detecting the first control signal may include receiving the first control
signal and processing the received first control signal. It can be appreciated that the processing
may include, but not limited to, demodulating and/or de-correlating, and the processing
operation may vary depending on the technique used at the transmitter side (i.e., the network
device).

[0086] With the method 700, a plurality of candidate transmission opportunities are
provided for transmitting the first control signal, and therefore probability for a successful
transmission of the first control signal is increased.

[0087] In one embodiment, the first control signal detected by the terminal device at block
720 may be transmitted by a network device at block 530 according to method 500. Therefore,
descriptions with respect to the first control signal provided with reference to method 500 also
apply here and details will not be repeated. For example, the first control signal may include at
least one of an AIT, a SSI, and a paging signal. The first control signal may include additional
or different signal in another embodiment, for example, it may include a Track Area Signal
(TRAS).

[0088] Likewise, descriptions with respect to the first period and the first plurality of
candidate transmission opportunities provided with reference to method 500 may also apply here.
For example, the first plurality of candidate transmission opportunities may be provided by a
transmission time window, which indicates a time interval for a plurality of transmissions of the
first control signal, or a plurality of time positions, each of the plurality of time positions
indicating a start time position for transmission of the first control signal.

[0089] In one embodiment, the configuration for the first period and the first plurality of
candidate transmission opportunities may be signaled to the terminal device, and in another
embodiment, at least part of the configuration may be predefined or known by the terminal
device implicitly. Then in some embodiments, at block 710, the terminal device may
determine the first period and the first plurality of candidate transmission opportunities based on

at least one of> a message from the network device and a predefined configuration. The
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message may be transmitted by the network device at block 570 according to method 500, and
may be received by the terminal device, at block 750. The message includes information
indicating a configuration for at least one of the first period and the first plurality of candidate
transmission opportunities.

[0090] In an embodiment, as shown in FIG.7a, the method 700 may further include
obtaining, at block 730, an indication from the detected first control signal and the indication
indicates a time offset of the detected first control signal within the first period. FIG.7b
provides some examples for the operations performed at block 730. In one example, the
indication of the time offset may be included as part of a payload of the first control signal, and
in this example, the block 730 may include a sub-block 7301, where the terminal device extracts
the indication from the payload of the first control signal. In another embodiment, alternatively
or additionally, the indication may be provided implicitly by the transmission configuration of
the first control signal, and in this embodiment, the terminal device may obtain the indication at
block 7302 implicitly based on a transmission configuration of the detected first control signal.
The transmission configuration may include at least one of the following for the detected first
control signal: a sequence, a cyclic shift (CS) of a sequence, and an orthogonal cover code
(OCC). That is, at block 7302, the terminal device may obtain the indication of the time offset
based on a sequence/cyclic shift/OCC or a combination thereof used by the detected first control
signal. It should be appreciated that in other embodiments, the terminal device may obtain the
indication implicitly based on other factors.

[0091] In another embodiment, the time offset (or, the transmission position of the first
control signal) may be used by the terminal device for synchronization, and in this embodiment,
the method 700 may further include synchronizing with the network device, at block 740, at
least partly based on the obtained indication. In still another embodiment, the synchronization
may be performed based on both the indication and other information contained in the first
control signal or another control signal.

[0092] In some embodiment, the terminal device may also receive a second control signal
which is transmitted by the network device in a similar way as that of the first control signal.
Then in some embodiments, as shown in FIG.7¢, the method 700 may further include
determining, at block 760, a second period and a second plurality of candidate transmission
opportunities within the second period, for receiving a second control signal through the
wireless channel; and detecting at block 770 the second control signal from the network device
within the second period according to the determination.

[0093] In one embodiment, the network device may transmit the first control signal and the

second control signal simultaneously or sequentially. That is, the transmission time position
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for the second control signal may be related to that for the first control signal, and in this
embodiment, the terminal device may detect the second control signal at block 760 at least
partly based on a time position where the first control signal is detected.

[0094] In another embodiment, the first control signal detected at block 720 may include
configuration information for the second control signal. For example, the first control signal
may include information indicating at least one of: a mapping between a transmission
configuration for the second control signal and a candidate transmission opportunity of the
second plurality of candidate transmission opportunities, configuration for the second period,
and configuration for the second plurality of candidate transmission opportunities.

[0095] In still another embodiment, the detection for the second control signal at block 770
may be triggered by content of the detected first control signal. An example is shown in FIG. 8
which illustrates a procedure for the first and second control signal detection. In this example,
the first control signal is a SSI signal and the second control signal is an AIT signal. Both the
SSI and the AIT are transmitted periodically, and the period of the AIT may be longer than that
of the SSI. That is, the SSI may be transmitted more frequently than the AIT. The terminal
device searches for the SSI and the AIT to update system information needed for initial access.
After power up at block 810, a terminal device scans the SSI at block 820 first to determine
which node can be accessed. From the SSI detection, the terminal device can get time offset of
the SSI transmission at block 830, which can be used for synchronization complementation at
block 840, by adjusting SSI transmission time offset indicated, for example, by the SS sequence
ID/CS/OCC. The synchronization information can be used by the terminal device at block 850
for an initial access. In one example, at block 830, the terminal device may determine whether
a local AIT (i.e., an AIT previously detected and stored locally at the terminal device) has
needed information corresponding to the detected SSI content, and if not, it may trigger the
terminal device to scan the AIT at block 860, for example, by detecting a self-contained
sequence in the AIT. The real global time can be calculated based on the detected AIT, for
example, by adding global time field contained in the AIT and time offset, for further use. The
terminal device may record the updated global time at block 870. By referring to terminal
device access procedure in licensed spectrum, the terminal device access procedure may be
updated with the offset indication for a shared spectrum. The key difference with licensed
operation is that synchronization offset should be obtained from the SSI detection and thus
synchronization for further processing may be obtained by complementing the detected offset.
Besides, an accurate global time from AIT detection may be obtained by considering AIT offset

field as well, which may be used for next SSI scanning.
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[0096] If an SS/AIT is detected in a candidate position within a transmission period (or,
transmission cycle), the terminal device may not monitor the other candidate positions within
the same SS/AIT transmission period.

[0097] As described with reference to FIG. 8, and as shown in FIG.7c, in some
embodiments, the method 700 may further include obtaining, at 780, a further indication from
the detected second control signal, the further indication indicating a time offset of the detected
second control signal within the second period. It should be appreciated that, the block 780 is
not needed if the second control signal is not used for synchronization.

[0098] Reference is now made to FIG. 9, which illustrates a schematic block diagram of an
apparatus 900 in a wireless communication network (e.g., the wireless communication network
100 shown in FIG. 1) for communicating with a terminal device (e.g., terminal device 102 or
103 shown in FIG. 1). The apparatus may be implemented as/in a network device, e.g., the
network device 101 shown in FIG. 1. The apparatus 900 is operable to carry out the example
method 500 described with reference to FIGs. 5a-5d and possibly any other processes or
methods. It is also to be understood that the method 500 is not necessarily carried out by the
apparatus 900. At least some steps of the method 500 can be performed by one or more other
entities.

[0099] As illustrated in FIG. 9, the apparatus 900 includes a first determination unit 901,
configured to determine a first period and a first plurality of candidate transmission
opportunities within the first period, for transmitting the first control signal through the wireless
channel; a first opportunity selection unit 902, configured to select a candidate transmission
opportunity from the first plurality of candidate transmission opportunities within the first period;
and a first transmitting unit 903, configured to transmit the first control signal through the
wireless channel to a device (e.g., terminal device 102 or 103 shown in FIG. 1) using the
selected candidate transmission opportunity.

[00100] In one embodiment, units 901,902 and 903 can be configured to perform the
operations of blocks 510, 520 and 530 of method 500, respectively, and therefore, descriptions
with respect to blocks 510, 520 and 530 provided with reference to method 500 and FIGs. 5a-5d
also apply here and details will not be repeated. Likewise, descriptions with respect to the first
control signal, the first period and the first plurality of candidate transmission opportunities
provided with reference to method 500 may also apply here in some embodiments, and therefore
details will not be repeated. For example, the first control signal may include at least one of an
AIT, a SSI and a paging signal. In another embodiment, the first plurality of candidate
transmission opportunities may be provided by one of: a transmission time window, which

indicates a time interval for a plurality of transmissions of the first control signal; and a plurality
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of time positions, each of the plurality of time positions indicating a start time position for
transmission of the first control signal.

[00101] Similar as that described with reference to block 510 of method 500, the first
determination unit 901 may be configured to determine the first period and/or the first plurality
of candidate transmission opportunities based on at least one of: a predefined configuration for
the first period and the first plurality of candidate transmission opportunities, type and/or content
of the first control signal, status of the wireless channel, and a QoS requirement of the device.
[00102] In another embodiment, the apparatus 900 may optionally further include an
indication unit 904, configured to incorporate an indication into the first control signal for
indicating a time offset of the selected candidate transmission opportunity within the first period.
In one embodiment, the indication unit 904 may be configured to incorporate the indication into
the first control signal by at least one of: including the indication as a part of a payload of the
first control signal; and selecting a transmission configuration from a first set of transmission
configurations based on the selected candidate transmission opportunity, wherein each
transmission configuration of the first set of transmission configurations is mapped to a
candidate transmission opportunity of the first plurality of candidate transmission opportunities.
In some embodiments, the first set of transmission configurations may include at least one of the
following for transmitting the control signal: a set of sequences, a set of cyclic shifts of a
sequence, and a set of orthogonal cover codes. That is, in some embodiments, the indication
unit 904 may indicate the time offset of the selected candidate transmission opportunity to the
terminal device implicitly by using a corresponding sequence/cyclic shift/OCC for transmitting
the first control signal.

[00103] In one embodiment, to facilitate the terminal device obtaining the time offset based
on the transmission configuration of the first control signal, the network device may include a
second transmitting unit 905, configured to transmit a message to the terminal device, the
message indicating a mapping between a transmission configuration for the first control signal
and a candidate transmission opportunity of the second plurality of candidate transmission
opportunities.

[00104] In another embodiment, the apparatus 900 may further include a detection unit 906,
configured to detect availability of the wireless channel before the first control signal is
transmitted by the first transmitting unit 903. In still another embodiment, the first opportunity
selection unit 902 may be configured to select the candidate transmission opportunity from the
first plurality of candidate transmission opportunities based on a result of the detection of the
wireless channel made by the detection unit 906, such that the wireless channel is available

during the selected candidate transmission opportunity.
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[00105] In some embodiments, the first opportunity selection unit 902 includes a timer
control unit 9021 and a selection unit 9022. The timer control unit 9021 may be configured to
start a timer when the wireless channel is detected as available, and a selection unit 9022 may be
configured to select an earliest candidate transmission opportunity when the timer expires.
Examples for the operations of 9021 and 9022 can be found in FIGs. 6b.

[00106] In one embodiment, the detection unit 906 may be configured to continue the
detection of the availability of the wireless channel before the timer expires. In another
embodiment, the timer control unit 9021 may be configured to suspend the timer when the
wireless channel is detected as being occupied before the timer expires and to resume the timer
when the wireless channel is detected as available. An example for such operation can also be
found in FIG.6c.

[00107] In another embodiment, the detection unit 906 may be configured to start the
detection before the first candidate transmission opportunity of the plurality of candidate
transmission opportunities. In one embodiment, the first candidate transmission opportunity of
the plurality of candidate transmission opportunities may be configured to occur at a time
position where a conventional transmission of a control signal is scheduled. For example, in
one embodiment, the first candidate transmission opportunity for an AIT may coincide with a
conventional predetermined transmission of an AIT as shown in FIG. 3.

[00108] In one embodiment, a time period (or time gap) from starting the detection to the
first candidate transmission opportunity depends on a probability of the wireless channel being
detected as available. That is, the time period may be configured adaptively according to a
probability for failing to obtain a transmission opportunity in the channel, or a probability for
obtaining a transmission opportunity in the channel successfully. For example, the time period
may be configured to be longer when AIT transmission failed in last transmission period/cycle.
[00109] In some embodiments, the apparatus 900 may further include a third transmitting
unit 907, configured to transmit information to the terminal device, the information indicating a
configuration for at least one of the first period and the first plurality of candidate transmission
opportunities. It should be appreciated that in some other embodiments, the configuration for
the first period and the first plurality of candidate transmission opportunities may be predefined,
and in these embodiments, no signaling is needed for this purpose and the third transmitting unit
907 can be omitted.

[00110] In a further embodiment, the apparatus 900 may include a second determination
unit 908, configured to determine a second period and a second plurality of candidate
transmission opportunities within the second period, for transmitting a second control signal

through the wireless channel; a second opportunity selection unit 909, configured to select (590)
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a further candidate transmission opportunity from the second plurality of candidate transmission
opportunities within the second period; and a fourth transmitting unit 910, configured to transmit
(5A0) the second control signal through the wireless channel to the terminal device using the
selected further candidate transmission opportunity.

[00111] These units 908-910 enable the network device to increase probability of a
successful transmission of the second control signal. In some embodiments, the transmission
time for the first control signal and the second control signal may be related, and in these
embodiments, the second opportunity selection unit 909 may be configured to select the further
candidate transmission opportunity for the second control signal based on the selected candidate
transmission opportunity for the first control signal.

[00112] In one embodiment, the first control signal may include information indicating
configuration(s) for the second control signal. For example, the first control signal may
include information indicating at least one of: a mapping between a transmission configuration
for the second control signal and a candidate transmission opportunity of the second plurality of
candidate transmission opportunities, configuration for the second period, and configuration for
the second plurality of candidate transmission opportunities.

[00113] In some embodiments, the units 901 to 910 can be configured to perform the
operations of block 510 to 5A0 of method 500, respectively, and therefore, descriptions
provided with reference to method 500 and FIGs.5a-5d also apply here.

[00114] FIG. 10 illustrates a schematic block diagram of an apparatus 1000. The
apparatus 1000 may be implemented as/in a terminal device, for example the terminal device
102 or 103 shown in FIG. 1. The apparatus 100 may be operable to carry out the example
method 700 described with reference to FIGs.7a-7c and possibly any other processes or methods.
It is to be understood that the method 700 is not necessarily carried out by the apparatus 1000.
At least some steps of the method 700 may be performed by one or more other entities.

[00115] Particularly, as illustrated in FIG. 10, the apparatus 1000 includes a third
determination unit 1001, configured to determine a first period and a first plurality of candidate
transmission opportunities within the first period, for receiving the first control signal through
the wireless channel; and a first detection unit 1002, configured to detect the first control signal
from a network device (e.g., network device 101 shown in FIG. 1)) within the first period
according to the determination. In some embodiments, detecting the first control signal may
include receiving the first control signal and processing the received first control signal. It can
be appreciated that the processing may include, but not limited to, demodulating and/or
de-correlating, and the processing operation may vary depending on the technique used at the

transmitter side (i.e., the network device).
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[00116] In some embodiments, the apparatus 1000 may be operable to carry out the
example method 700 described with reference to FIGs.7a-7c, and therefore, descriptions with
respect to the first control signal, the first period, and the first plurality of candidate transmission
opportunities provided with reference to method 700 also apply here. For example, the first
plurality of candidate transmission opportunities may be provided by one of: a transmission time
window, which indicates a time interval for a plurality of transmissions of the first control signal,
and a plurality of time positions, each of the plurality of time positions indicating a start time
position for transmission of the first control signal.

[00117] In one embodiment, the first detection unit 1002 may be configured to determine
the first period and the first plurality of candidate transmission opportunities based on at least
one of: a message from the network device, and a predefined configuration.

[00118] In another embodiment, the apparatus 1000 may further include a first obtaining
unit 1003, configured to obtain an indication from the detected first control signal, the indication
indicating a time offset of the detected first control signal within the first period. For example,
the first obtaining unit 1003 may be configured to obtain the indication by extracting the
indication from a payload of the first control signal directly, and/or obtain the indication
implicitly based on a transmission configuration of the detected first control signal, wherein the
transmission configuration is mapped to a candidate transmission opportunity of the first
plurality of candidate transmission opportunities. In some embodiments, the transmission
configuration includes at least one of a sequence, a cyclic shift of a sequence, and an OCC used
by the detected first control signal. It should be appreciated that other transmission
configurations which may be used for implicitly indicating the time offset are not excluded.
[00119] In some embodiments, the apparatus 1000 may further include a synchronization
unit 1004, configured to synchronize with the network device at least partly based on the
obtained indication. For example, the synchronization unit 1004 may be configured to get an
accurate global timing based on the time offset indicated by the indication and other information
contained in the first control signal or another control signal.

[00120] Optionally, in one embodiment, the apparatus 1000 may include a receiving unit
1005, configured to receive information from the network device, the information indicating a
configuration for at least one of the first period and the first plurality of candidate transmission
opportunities. It should be appreciated that in another embodiment where the configuration for
the first period and the first plurality of candidate transmission opportunities may be predefined
or may be obtained by the terminal device implicitly and therefore the receiving unit 1005 may

be omitted from the apparatus 1000.
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[00121] As shown in FIG. 10, the apparatus 1000 may optionally include a fourth
determination unit 1006, configured to determine a second period and a second plurality of
candidate transmission opportunities within the second period, for receiving a second control
signal through the wireless channel, and a second detection unit 1007, configured to detect (770)
the second control signal from the network device within the second period according to the
determination.

[00122] In some embodiments, the detection unit 1007 may be configured to detect the
second control signal at least partly based on a time position where the first control signal is
detected.

[00123] In one embodiment, the first control signal may include information indicating
configuration for the second control signal. For example, the first control signal may include
information indicating at least one of: a mapping between a transmission configuration for the
second control signal and a candidate transmission opportunity of the second plurality of
candidate transmission opportunities, configuration for the second period, and configuration for
the second plurality of candidate transmission opportunities.

[00124] In another embodiment, the detection by the second detection unit 1007 may be
triggered by content of the detected first control signal. For example, the first control signal
and the second control signal may be transmitted periodically, and if the terminal device finds
based on the content of the first control signal that information of the second control signal
recorded at the terminal device side is not the latest, the second detection unit 1007 may be
triggered to detect the second control signal again. An example for this is provided in FIG. 8.
[00125] In a further embodiment, the apparatus 1000 may further include a second
obtaining unit 1008, configured to obtain a further indication from the detected second control
signal, the further indication indicating a time offset of the detected second control signal within
the second period.

[00126] FIG. 11 illustrates a simplified block diagram of an apparatus 1110 that may be
embodied in/as a network device, e.g., the network device 101 shown in FIG. 1, and an
apparatus 1120 that may be embodied in/as a terminal device, e.g., one of the terminal devices
102 and 103 shown in FIG. 1.

[00127] The apparatus 1110 may include at least one processor 1111, such as a data
processor (DP) and at least one memory (MEM) 1112 coupled to the processor 1111. The
apparatus 1110 may further include a transmitter TX and receiver RX 1113 coupled to the
processor 1111,  The MEM 1112 may be non-transitory machine readable storage medium and
it may store a program (PROG) 1114. The PROG 1114 may include instructions that, when

executed on the associated processor 1111, enable the apparatus 1110 to operate in accordance
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with the embodiments of the present disclosure, for example to perform the method 500. A
combination of the at least one processor 1111 and the at least one MEM 1112 may form
processing means 1115 adapted to implement various embodiments of the present disclosure.
[00128] The apparatus 1120 includes at least one processor 1121, such as a DP, and at least
one MEM 1122 coupled to the processor 1121. The apparatus 920 may further include a
suitable TX/ RX 1123 coupled to the processor 1121. The MEM 1122 may be non-transitory
machine readable storage medium and it may store a PROG 1124. The PROG 1124 may
include instructions that, when executed on the associated processor 1121, enable the apparatus
1120 to operate in accordance with the embodiments of the present disclosure, for example to
perform the method 700. A combination of the at least one processor 1121 and the at least one
MEM 1122 may form processing means 1125 adapted to implement various embodiments of the
present disclosure.

[00129] Various embodiments of the present disclosure may be implemented by computer
program executable by one or more of the processors 1111 and 1121, software, firmware,
hardware or in a combination thereof.

[00130] The MEMs 1112 and 1122 may be of any type suitable to the local technical
environment and may be implemented using any suitable data storage technology, such as
semiconductor based memory terminal devices, magnetic memory terminal devices and systems,
optical memory terminal devices and systems, fixed memory and removable memory, as
non-limiting examples.

[00131] The processors 1111 and 1121 may be of any type suitable to the local technical
environment, and may include one or more of general purpose computers, special purpose
computers, microprocessors, digital signal processors DSPs and processors based on multicore
processor architecture, as non-limiting examples.

[00132] Although some of the above description is made in the context of a wireless system
operating in an unlicensed band, it should not be construed as limiting the spirit and scope of the
present disclosure. The principle and concept of the present disclosure may be more generally
applicable to other wireless systems.

[00133] In addition, the present disclosure may also provide a memory containing the
computer program as mentioned above, which includes machine-readable media and
machine-readable transmission media. The machine-readable media may also be called
computer-readable media, and may include machine-readable storage media, for example,
magnetic disks, magnetic tape, optical disks, phase change memory, or an electronic memory
terminal device like a random access memory (RAM), read only memory (ROM), flash memory

devices, CD-ROM, DVD, Blue-ray disc and the like. The machine-readable transmission
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media may also be called a carrier, and may include, for example, electrical, optical, radio,
acoustical or other form of propagated signals — such as carrier waves, infrared signals, and the
like.

[00134] The techniques described herein may be implemented by various means so that an
apparatus implementing one or more functions of a corresponding apparatus described with an
embodiment includes not only prior art means, but also means for implementing the one or more
functions of the corresponding apparatus described with the embodiment and it may include
separate means for each separate function, or means that may be configured to perform two or
more functions. For example, these techniques may be implemented in hardware (one or more
apparatuses), firmware (one or more apparatuses), software (one or more modules), or
combinations thereof. For a firmware or software, implementation may be made through
modules (e.g., procedures, functions, and so on) that perform the functions described herein.
[00135] Example embodiments herein have been described above with reference to block
diagrams and flowchart illustrations of methods and apparatuses. It will be understood that
each block of the block diagrams and flowchart illustrations, and combinations of blocks in the
block diagrams and flowchart illustrations, respectively, can be implemented by various means
including computer program instructions. These computer program instructions may be loaded
onto a general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions which execute on the
computer or other programmable data processing apparatus create means for implementing the
functions specified in the flowchart block or blocks.

[00136] Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or in
sequential order, or that all illustrated operations be performed, to achieve desirable results. In
certain circumstances, multitasking and parallel processing may be advantageous. Likewise,
while several specific implementation details are contained in the above discussions, these
should not be construed as limitations on the scope of the subject matter described herein, but
rather as descriptions of features that may be specific to particular embodiments. Certain
features that are described in this specification in the context of separate embodiments can also
be implemented in combination in a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination. Moreover, although features may
be described above as acting in certain combinations and even initially claimed as such, one or

more features from a claimed combination can in some cases be excised from the combination,
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and the claimed combination may be directed to a sub-combination or variation of a
sub-combination.

[00137] It will be obvious to a person skilled in the art that, as the technology advances, the
inventive concept can be implemented in various ways. The above described embodiments are
given for describing rather than limiting the disclosure, and it is to be understood that
modifications and variations may be resorted to without departing from the spirit and scope of
the disclosure as those skilled in the art readily understand. Such modifications and variations
are considered to be within the scope of the disclosure and the appended claims. The

protection scope of the disclosure is defined by the accompanying claims.



10

15

20

25

30

WO 2017/063359 PCT/CN2016/081731
30

WHAT IS CLAIMED IS:

1. A method (500) implemented at a network device (101), comprising:

determining (510) a first period and a first plurality of candidate transmission
opportunities within the first period, for transmitting a first control signal through a wireless
channel;

selecting (520) a candidate transmission opportunity from the first plurality of candidate
transmission opportunities within the first period; and

transmitting (530) the first control signal through the wireless channel to a terminal

device (102, 103) using the selected candidate transmission opportunity.

2. The method according to Claim 1, wherein the first plurality of candidate
transmission opportunities are determined by one of:

a transmission time window, which indicates a time interval for a plurality of
transmissions of the first control signal, and

a plurality of time positions, each of the plurality of time positions indicating a time

position for starting a transmission of the first control signal.

3. The method according to Claim 1, wherein said determining (510) the first period and
the first plurality of candidate transmission opportunities comprises determining the first period
and the first plurality of candidate transmission opportunities based on at least one of:

a predefined configuration for the first period and the first plurality of candidate
transmission opportunities,

a type and/or content of the first control signal,

a status of the wireless channel, and

a quality of service (QoS) requirement of the device.

4. The method according to Claim 1,further comprising:
incorporating (540) an indication into the first control signal before the transmitting
(540), for indicating a time offset of the selected candidate transmission opportunity within the

first period.

5.  The method according to Claim 4, wherein said incorporating (540) the indication
into the first control signal comprises at least one of:

including (5401) the indication as a part of a payload of the first control signal; and
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selecting (5402) a transmission configuration from a first set of transmission
configurations based on the selected candidate transmission opportunity, wherein each
transmission configuration of the first set of transmission configurations is mapped to a

candidate transmission opportunity of the first plurality of candidate transmission opportunities.

6. The method according to Claim 1, further comprising;:
detecting (560) availability of the wireless channel before transmitting (530) the first
control signal; and
wherein said selecting (520) a candidate transmission opportunity from the first plurality
of candidate transmission opportunities within the first period comprises:
selecting (5201) the candidate transmission opportunity based on a result of the
detection, such that the wireless channel is available during the selected candidate

transmission opportunity.

7.  The method according to Claim 6, wherein said detecting (560) availability of the
wireless channel before transmitting (530) the first control signal comprises:
starting (5602) the detection (560) before the first candidate transmission opportunity of

the first plurality of candidate transmission opportunities .

8.  The method according to Claim 7, wherein a time period from starting the detection
(560) to the first candidate transmission opportunity depends on a probability of the wireless

channel being detected as available.

9.  The method according to Claim 1, further comprising:

determining (580) a second period and a second plurality of candidate transmission
opportunities within the second period, for transmitting a second control signal through the
wireless channel;

selecting (590) a further candidate transmission opportunity from the second plurality of
candidate transmission opportunities within the second period; and

transmitting (5A0) the second control signal through the wireless channel to the device
using the selected further candidate transmission opportunity;

wherein said selecting (590) the further candidate transmission opportunity is based on

the selected candidate transmission opportunity for the first control signal.

10. A method (600) implemented at a terminal device (102, 103), comprising:
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determining (610) a first period and a first plurality of candidate transmission
opportunities within the first period, for receiving a first control signal through a wireless
channel; and

detecting (620) the first control signal from a network device (101)within the first period

according to the determination.

11. The method according to Claim 18, wherein the first plurality of candidate
transmission opportunities are determined by one of:

a transmission time window, which indicates a time interval for a plurality of
transmissions of the first control signal, and

a plurality of time positions, each of the plurality of time positions indicating a start time

position for transmission of the first control signal.

12. The method according to Claim 10, further comprising:
obtaining (630) an indication from the detected first control signal, the indication

indicating a time offset of the detected first control signal within the first period.

13. The method according to Claim 12, further comprising:
synchronizing (640) with the network device at least partly based on the obtained

indication.

14. The method according to Claim 12, wherein said obtaining (630) an indication
from the detected first control signal comprises at least one of:
extracting (6301) the indication from a payload of the first control signal, and
obtaining (6302) the indication based on a transmission configuration of the detected first

control signal.

15. A network device (900), comprising:

a first determination unit (901), configured to determine a first period and a first plurality
of candidate transmission opportunities within the first period, for transmitting a first control
signal through a wireless channel;

a first opportunity selection unit (902), configured to select a candidate transmission
opportunity from the first plurality of candidate transmission opportunities within the first period;

and
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a first transmitting unit (903), configured to transmit the first control signal through the
wireless channel to a terminal device (102, 103) using the selected candidate transmission

opportunity.

16. The network device according to Claim 15, wherein the first plurality of candidate
transmission opportunities are determined by one of:

a transmission time window, which indicates a time interval for a plurality of
transmissions of the first control signal, and

a plurality of time positions, each of the plurality of time positions indicating a start time

position for transmission of the first control signal.

17.  The network device according to Claim 15, wherein the first determination unit
(901) is configured to determine the first period and the first plurality of candidate transmission
opportunities based on at least one of:

a predefined configuration for the first period and the first plurality of candidate
transmission opportunities,

a type and/or content of the first control signal,

a status of the wireless channel, and

a quality of service (QoS) requirement of the device.

18. The network device according to Claim 15, further comprising:
an indication unit (904), configured to incorporate an indication into the first control
signal for indicating a time offset of the selected candidate transmission opportunity within the

first period.

19. The network device according to Claim 18, wherein the indication unit (904) is
configured to incorporate the indication into the first control signal by at least one of:

including the indication as a part of a payload of the first control signal; and

selecting a transmission configuration from a first set of transmission configurations based
on the selected candidate transmission opportunity, wherein each transmission configuration of
the first set of transmission configurations is mapped to a candidate transmission opportunity of

the first plurality of candidate transmission opportunities.

20. The network device according to Claim 15, further comprising:
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a detection unit (906), configured to detect availability of the wireless channel before the
first transmitting unit (903) transmitting the first control signal; and

wherein said first opportunity selection unit (902) 18 configured to select the candidate
transmission opportunity from the first plurality of candidate transmission opportunities based
on a result of the detection, such that the wireless channel is available during the selected

candidate transmission opportunity.

21. The network device according to Claim 20, wherein the detection unit (906) is
configured to start the detection before the first candidate transmission opportunity of the

plurality of candidate transmission opportunities .

22. The network device according to Claim 21, wherein a time period from starting the
detection to the first candidate transmission opportunity depends on a probability of the wireless

channel being detected as available.

23. The network device according to Claim 15, further comprising:

a second determination unit (908), configured to determine a second period and a second
plurality of candidate transmission opportunities within the second period, for transmitting a
second control signal through the wireless channel;

a second opportunity selection unit (909), configured to select a further candidate
transmission opportunity from the second plurality of candidate transmission opportunities
within the second period; and

a fourth transmitting unit (910), configured to transmit the second control signal through
the wireless channel to the terminal device (102 103) using the selected further candidate
transmission opportunity;

wherein the second opportunity selection unit (909) is configured to select the further
candidate transmission opportunity based on the selected candidate transmission opportunity for

the first control signal.

24. A terminal device (102, 103), comprising:

a third determination unit (1001), configured to determine a first period and a first
plurality of candidate transmission opportunities within the first period, for receiving a first
control signal through a wireless channel; and

a first detection unit (1002), configured to detect the first control signal from a network

device (101) within the first period according to the determination.
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25. The terminal device according to Claim 24, wherein the first plurality of candidate
transmission opportunities are determined by one of:

a transmission time window, which indicates a time interval for a plurality of
transmissions of the first control signal; and

a plurality of time positions, each of the plurality of time positions indicating a start time

position for transmission of the first control signal.

26. The terminal device according to Claim 24, further comprising:
a first obtaining unit (1003), configured to obtain an indication from the detected first
control signal, the indication indicating a time offset of the detected first control signal within

the first period.

27. The terminal device according to Claim 26, further comprising:
a synchronization unit (1004), configured to synchronize with the network device at least

partly based on the obtained indication.

28. The terminal device according to Claim 26, wherein said first obtaining unit
(1003) is configured to obtain the indication by at least one of:
extracting the indication from a payload of the first control signal, and
obtaining the indication based on a transmission configuration of the detected first control
signal, wherein the transmission configuration is mapped to a candidate transmission

opportunity of the first plurality of candidate transmission opportunities.

29. A network device (1100) comprising a processor (1111) and a memory (1112), said
memory containing instructions executable by said processor, and said processor being
configured to cause the network device to:

determine (510) a first period and a first plurality of candidate transmission opportunities
within the first period, for transmitting a first control signal through a wireless channel;

select (520) a candidate transmission opportunity from the first plurality of candidate
transmission opportunities within the first period; and

transmit (530) the first control signal through the wireless channel to a terminal device

using the selected candidate transmission opportunity.
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30. A terminal device (102, 103) comprising a processor (1121) and a memory (1122),
said memory containing instructions executable by said processor and said processor being
configured to cause the terminal device to:

determine (610) a first period and a first plurality of candidate transmission opportunities
within the first period, for receiving a first control signal through a wireless channel; and
detect (620) the first control signal from a network device within the first period according

to the determination.

31. A computer program (1114), comprising instructions which, when executed on at
least one processor (1111), cause the at least one processor (1111) to carry out the method (500)

according to any one of claims 1 to 9.

32. A computer program (1124), comprising instructions which, when executed on at
least one processor (1121), cause the at least one processor (1121) to carry out the method (600)

according to any one of claims 10 to 14.
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