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DETERMINATION OF FEEDBACK TIMING

TECHNICAL FIELD

[0001] Embodiments of the present disclosure generally relate to the field of
telecommunication, and in particular, to methods and devices for determining feedback

timing.

BACKGROUND

[0002] With massive growth of the numbers of devices and traffic volume, the fifth
generation (5G) wireless communication systems are being developed to enable a
networked society, where information can be accessed and data can be shared anywhere
and anytime, by anyone with anything. In current standardization work of the 3rd
Generation Partnership Project (3GPP), several New Radio (NR) frame structures have

been proposed.

[0003] Each of the proposed NR frame structures may include a corresponding type of
feedback timing. As used herein, the term “feedback timing” refers to timing used for
feeding back any suitable data, such as, an acknowledgement (Ack) /negative
acknowledgement (Nack), a channel status indicator (CSI), a channel quality indicator
(CQI), a rank indicator (RI), a sounding reference signal (SRS), or any other suitable
control data. One design concept of the feedback timing in the NR frame structures is to
enable an early acknowledgement report (for example, in several microseconds) after the
end of downlink data transmission. FEarly uplink data transmission (for example, in

several microseconds) is also enabled after reception of uplink resource assignment.

[0004] However, an increasingly wide range of applications may have variable
requirements and characteristics. It will be challenging to use a common NR frame

structure with fixed feedback timing in a communication network.

SUMMARY

[0005] In general, example embodiments of the present disclosure provide methods and
devices for determining feedback timing, in particular methods and devices for adapting

feedback timing.
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[0006] In a first aspect, a method implemented in a first communication device is
provided. According to the method, the first communication device obtains information
indicating at least one of a capability, a timing requirement, and a service type of a second
communication device. Based on the obtained information, the first communication
device determines feedback timing to be used by the second communication device. Then,
the first communication device sends an indication of the feedback timing to the second
communication device for communication with the second communication device in

accordance with the feedback timing.

[0007] In some embodiments, the first communication device may select a frame structure

including the feedback timing.

[0008] In some embodiments, the first communication device may send an indication of

the frame structure to the second communication device.

[0009] In some embodiments, the first communication device may communicate data with

the second communication device in accordance with the frame structure.

[0010] In some embodiments, the first communication device may select the feedback
timing based on an association between the feedback timing and the capability, the timing

requirement or the service type of the second communication device.

[0011] In some embodiments, the first communication device may receive the information

from the second communication device.

[0012] In some embodiments, the first communication device may send, to the second

communication device, a request for the information.

[0013] In some embodiments, the first communication device may receive, from the
second communication device, information about a processing time of the second

communication device indicating the capability of the second communication device.

[0014] In some embodiments, the first communication device may receive, from the
second communication device, the information about the processing time of the second

communication device in a communication configuration.

[0015] In some embodiments, the first communication device may receive, from the
second communication device, the information indicating the timing requirement of the

second communication device associated with a communication configuration.

[0016] In some embodiments, the first communication device may receive, from the
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second communication device, the information indicating the timing requirement of the

second communication device associated with a service type.

[0017] In some embodiments, the first communication device may obtain a propagation
time of data associated with the second communication device, and determine the feedback

timing further based on the obtained propagation time.

[0018] In some embodiments, the first communication device may select, based on the
obtained information, the feedback timing from a set of feedback timing associated with

communication configurations.

[0019] In some embodiments, the first communication device may send, to the second
communication device, an indication of one of the communication configurations

associated with the feedback timing.

[0020] In some embodiments, the first communication device may send, to the second
communication device, an association between the one of the communication

configurations and the feedback timing.

[0021] In a second aspect, a method implemented in a second communication device is
provided. The method comprises determining information indicating at least one of a
capability, a timing requirement, and a service type of the second communication device;
sending the information to a first communication device; and receiving an indication of
feedback timing from the first communication device for communication with the first

communication device in accordance with the feedback timing.

[0022] In a third aspect, a communication device, suitable to function as a first
communication device in the sense explained as above, is provided. The communication
device comprises: a first obtaining unit configured to obtain information indicating at least
one of a capability, a timing requirement, and a service type of a further communication
device; a first determining unit configured to determine, based on the obtained information,
feedback timing to be used by the further communication device; and a first sending unit
configured to send an indication of the feedback timing to the further communication
device for communication with the further communication device in accordance with the

feedback timing.

[0023] In a fourth aspect, a communication device, suitable to function as a first
communication device in the sense explained as above, is provided. The communication

device comprises: a second determining unit configured to determine information
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indicating at least one of a capability, a timing requirement, and a service type of the
communication device; a second sending unit configured to send the information to a
further communication device; and a receiving unit configured to an indication of feedback
timing from the further communication device for communication with the further

communication device in accordance with the feedback timing,

[0024] In a fifth aspect, there is provided an apparatus at a first communication device.
The apparatus comprises at least one processor and a memory. The memory contains
instructions executable by the at least one processor, whereby the apparatus is operative to

perform the method according to the first aspect.

[0025] In an sixth aspect, there is provided an apparatus at a second communication
device. The apparatus comprises at least one processor and a memory. The memory
contains instructions executable by the at least one processor whereby the apparatus is

operative to perform the method according to the second aspect.

[0026] In a seventh aspect, there is provided a computer program and a computer program
product that is tangibly stored on a computer readable storage medium. Each of the
computer program and the computer program product includes instructions which, when
executed on at least one processor, cause the at least one processor to carry out the method

according to the first or second aspect.

[0027] Through the following description, it will be appreciated that according to
embodiments of the present disclosure, the feedback timing to be used by a communication
device may be determined by a further communication device in association with at least
one of a capability, a timing requirement, a service type of the communication device. In
this way, individual communication devices may use the respective feedback timing for

communication, which is more efficient and flexible

[0028] 1t is to be understood that the Summary section is not intended to identify key or
essential features of embodiments of the present disclosure, nor is it intended to be used to
limit the scope of the present disclosure. Other features of the present disclosure will

become easily comprehensible through the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Through the more detailed description of some embodiments of the present

disclosure with reference to the accompanying drawings, the above and other objects,
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features and advantages of the present disclosure will become more apparent, wherein:

[0030] Fig. 1 is a block diagram of an example environment in which embodiments of the

present disclosure can be implemented;

[0031] Fig. 2 is a flowchart illustrating the determination of the feedback timing

according to some embodiments of the present disclosure;

[0032] Fig. 3 is a flowchart of a method in accordance with some embodiments of the

present disclosure;

[0033] Fig. 4 illustrates example feedback timing in LTE frequency-division duplex (FDD)

in accordance with some embodiments of the present disclosure;

[0034] Fig. 5 illustrates example feedback timing in time-division duplex (TDD) in

accordance with some embodiments of the present disclosure;

[0035] Fig. 6 is a flowchart of a method in accordance with some other embodiments of

the present disclosure;

[0036] Fig. 7 is a block diagram of a communication device in accordance with some

embodiments of the present disclosure;

[0037] Fig. 8 is a block diagram of a communication device in accordance with some

other embodiments of the present disclosure; and

[0038] Fig. 9 is a simplified block diagram of a device that is suitable for implementing

embodiments of the present disclosure.

[0039] Throughout the drawings, the same or similar reference numerals represent the

same or similar element.

DETAILED DESCRIPTION

[0040] Principle of the present disclosure will now be described with reference to some
example embodiments. It is to be understood that these embodiments are described only
for the purpose of illustration and help those skilled in the art to understand and implement
the present disclosure, without suggesting any limitations as to the scope of the disclosure.
The disclosure described herein can be implemented in various manners other than the ones

described below.

[0041] In the following description and claims, unless defined otherwise, all technical and
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scientific terms used herein have the same meaning as commonly understood by one of

ordinary skill in the art to which this disclosure belongs.

[0042] As used herein, the term “communication device” refers to any device having
wireless or wired communication capabilities including devices at both the network side
and the terminal side. For example, the communication device may include a base station,

arelay, a terminal device, and the like.

[0043] As used herein, the term “base station” (BS) refers to a device which is capable of
providing or hosting a cell or coverage where terminal devices can communicate.
Examples of a BS include, but are not limited to, a Node B (NodeB or NB), an Evolved
NodeB (eNodeB or eNB), a Remote Radio Unit (RRU), a radio head (RH), a remote radio

head (RRH), a low power node such as a femto node, a pico node, and the like.

[0044] As used herein, the term “terminal device” or “user equipment” refers to any end
device having wireless communication capabilities, including, but not limited to, mobile
phones, cellular phones, smart phones, personal digital assistants (PDAs), portable
computers, image capture devices such as digital cameras, gaming devices, music storage
and playback appliances, any portable units or terminals that have wireless communication
capabilities, or Internet appliances enabling wireless Internet access and browsing or the

like.

[0045] As used herein, the term “relay” refers to a device which is capable of retransmit
or forward data between two communication devices, for example, between the BS and the
terminal device so as to increase transmission distances and enlarge the coverage of a
communication network.

(1P -+ 1
a

[0046] As used herein, the singular forms an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates otherwise. The term “includes™
and its variants are to be read as open terms that mean “includes, but is not limited to.”
The term “based on™ is to be read as “based at least in part on.” The term “one
embodiment” and “an embodiment” are to be read as “at least one embodiment.” The

term “another embodiment” is to be read as “at least one other embodiment.” Other

definitions, explicit and implicit, may be included below.

[0047] As described above, in current discussions for the NR frame structures in the 3GPP,
different mechanisms/configurations are proposed. In these configurations (or

mechanisms), each of the proposed NR frame structures may include a corresponding type
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of feedback timing. One design object of such feedback timing is to enable an ecarly

acknowledgement report and early uplink data transmission.

[0048] However, as described above, an increasingly wide range of applications may have
variable requirements and characteristics. Furthermore, there may be a huge number of
different types of communication devices in a communication network, which have
different hardware capabilities, utilize different receiving algorithms, and use different
services with different timing requirements. Thus, it will be challenging in the
communication network to have a common NR frame structure with fixed feedback timing.
In addition, for the purpose of backward compatibility, legacy configurations (or
mechanisms) of legacy communication networks may also be considered. In this case, it
would be advantageous to design other configurations in addition to the NR frame

structures with the fast/short acknowledgement.

[0049] In order to solve the above and other potential problems, embodiments of the
present disclosure allow a communication device (referred to as a “first communication
device”) to determine feedback timing to be used by a further communication device
(referred to as a “second communication device”) based on information indicating at least
one of a capability, a timing requirement, and a service type of the second communication
device. In this way, the second communication device may use the feedback timing
associated with its capability, timing requirement, or service type to communicate with the

first communication device.

[0050] Fig. 1 shows an example environment 100 in which embodiments of the present
disclosure can be implemented. The environment 100, which is a part of a communication
network, includes a first communication device 110 and a second communication device
120. It is to be understood that although two communication devices 110 and 120 are
shown, this is only for the purpose of illustration without suggesting any limitations as to
the scope of the present disclosure. The environment 100 may include any suitable
number of communication devices adapted for implementing embodiments of the present

disclosure.

[0051] According to embodiments of the present disclosure, any suitable implementation
of the first and second communication devices 110 and 120 may be possible. In some
embodiments, the first communication device 110 may be implemented as a base station

(BS), and the second communication 120 may be implemented as a terminal device. In
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some embodiments, the environment 100 may be a part of a relay communication network.
Furthermore, the first communication device 110 may be a BS, and the second
communication device 120 may be a relay. In some other embodiments, the first and
second communication devices 110 and 120 may be both implemented as terminal devices
in device-to-device (D2D) communications, which may be alternatively referred to as

sidelink, or vehicle to everything (V2X).

[0052] The first and second communication devices 110 and 120 may communicate with
each other, as indicated by the dashed lines. The communications may conform to any
suitable standard including, but not limited to, Long Term Evolution (LTE), LTE-Evolution,
LTE-Advanced (LTE-A), Wideband Code Division Multiple Access (WCDMA), Code
Division Multiple Access (CDMA) and Global System for Mobile Communications (GSM)
and the like. Furthermore, the communications may be performed according to any
generation communication protocols either currently known or to be developed in the future.
Examples of the communication protocols include, but are 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 fifth generation (5G) communication protocols.

[0053] As described above, embodiments of the present disclosure provide the
determination of the feedback timing by the first communication device 110 for the second
communication device 120 based on the information indicating the capability, the timing
requirement, or the service type of the second communication device 120, the mechanism
of which is illustrated in a high-level flowchart as shown in Fig. 2. As shown, the first
communication device 110 obtains (block 205) the information indicating at least one of the
capability, the timing requirement, or the service type of the second communication device
120. Based on the obtained information, the first communication device 110 determines
(block 210) the feedback timing to be used by the second communication device 120.
Then, the first communication device 110 sends (block 215) an indication of the feedback
timing to the second communication device. After receiving the indication of the
feedback timing, the second communication device 120 communicates (block 220) with the

first communication device 110 in accordance with the feedback timing.

[0054] It can be seen that in accordance with embodiments of the present disclosure, the
feedback timing of a communication device may be determined in association with a
capability, a timing requirement, or a service type of the communication device. In this

way, delay requirements of individual communication devices may be considered for
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providing respective feedback timing. Compared with fixed feedback timing used in a
whole communication network, the respective feedback timing determined for individual
communication devices are more efficient and flexible. Some example embodiments will

now be described in detail.

[0055] Fig. 3 shows a flowchart of an example method 300 in accordance with some
embodiments of the present disclosure. The method 300 can be implemented, for example,
in the first communication device 110 for determining the feedback timing of the second
communication device 120 as shown in Figs. 1 and 2. For the purpose of discussion, the

method 300 will be described with reference to Figs. 1 and 2.

[0056] As shown, in block 305, the first communication device 110 obtains information
indicating at least one of a capability, a timing requirement, and a service type of the second
communication device 120. According to embodiments of the present disclosure, any

suitable type of information may be used to enables the indication.

[0057] In some embodiments where the information indicates the capability of the second
communication device 120, the information may be a device type of the second
communication device 120. The device type may reflect a complexity associated with the
capability of the second communication device 120. For example, the device type may
specify whether the second communication device 120 is a terminal device or a relay. The
device type may also specify whether the second communication device 120 is a normal
terminal device, a massive machine type communication (M-MTC), or critical MTC
(C-MTC). Furthermore, the device type may specify a user equipment (UE) category.
These device types may influence a time duration for which the second communication
device 120 receives and processes data from the first communication device 110 and
depending on the success, provides a feedback. Accordingly, based on the device type of
the second communication device 120, the first communication device 110 may determine
the feedback timing for the second communication device 120, as will be described in the
following paragraphs. It is to be understood that other information that indicates the

complexity of the second communication device 120 may be possible.

[0058] In some other embodiments where the information indicates the capability of the
second communication device 120, the information may be information about a processing
time of the second communication device 120. The processing time may be implemented

as a processing time of the second communication device 120 in any representative
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operation, which may enable the indication of the capability (for example, a processing

capability) of the second communication device 120.

[0059] As an example, the processing time may be a processing time of the second
communication device 120 when operating with a specific communication configuration.
In the context of present disclosure, the communication configuration may be any suitable
configuration that can be used by a device for communication. For example, the
communication configuration may include a transmission parameter, such as a transmission
block (TB) size, a multiple input multiple output (MIMO) layer, a modulation and coding
scheme (MCS), a carrier aggregation (CA) configuration, a physical resource block (PRB),
a bandwidth, a transmission mode, a coding scheme, and the like. Additionally or
alternatively, the communication configuration may also include a receiver type of the
second communication device 120. Examples of the receiver type may include, but be not
limited to, a maximal ratio combining (MRC) receiver, an interference rejection combining
(IRC) receiver, a network-assisted interference cancellation and suppression (NAICs)
receiver, an EMMSE (enhanced minimum mean square error)-IRC receiver, and the like.
Based on these processing times of the second communication device 120 in different
communication configurations, the first communication device 110 may determine the
corresponding feedback timing, as will be described in the following paragraphs. As
another example, the processing time may be a general processing time of the second

communication device 120 which is applicable to various communication configurations.

[0060] According to embodiments of the present invention, the information may also
indicate the service type of the second communication device 120. The service type may
be the type of a service to be provided to or by the second communication device 120.
Different service types may have different timing requirements. For example, some
service types may be delay-critical, and some service types may endure a longer delay.
Thereby, the first communication device 110 may determine the feedback timing for the
second communication device 120 using a specific service type. The determination of the
feedback timing by the first communication device 110 will be described in details in the

following paragraphs.

[0061] Additionally or alternatively, according to embodiments of the present invention,
the information may also indicate the timing requirement of the second communication
device 120. In some embodiments, the timing requirement may be associated with a

communication configuration. When the second communication device 120 operates with

10
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different communication configurations, the second communication device 120 may have
different processing times and, accordingly, different timing requirements. With these
timing requirements, the first communication device 110 may determine the corresponding
feedback timing for the second communication device 120. In some other embodiments,
the timing requirement may be associated with a service type. As described above,
different service types may have different timing requirements. Thereby, the first
communication device 110 may determine the corresponding feedback timing based on the
timing requirements associated with the service type of the second communication device

120.

[0062] The information indicating the capability, the timing requirement, or the service
type of the second communication device 120 may be obtained by the first communication
device 110 in any suitable way. In some embodiments, the first communication device
110 may receive the information from the second communication device 120. For
example, the first communication device 110 may receive the device type, the processing
time, the service type, or the timing requirement from the second communication device
120. Optionally, the receiving of the first communication device 110 may be triggered by
a request for the information sent from the first communication device 110 to the second
communication device 120. For example, before the feedback timing for the second
communication device 120 is determined, the first communication device 110 may send a
query for the capability of the second communication device 120. As a response, the
second communication device 120 may send to the first communication device 110 the
information indicating its capability. The operations of the second communication device

120 may be detailed in the following paragraphs.

[0063] It is to be understood that other methods for obtaining the information are possible.
In some embodiments, the first communication device 110 may determine the information
by itself. For example, the first communication device 110 may determine the service

type to be provided to or by the second communication device 120.

[0064] The information indicating the capability, the timing requirement, or the service
type of the second communication device 120 may be implemented in any suitable form.
In some embodiments, the information may be recorded in a table. Accordingly, the first
communication device 110 may obtain the table. An example of the table is shown as

below.

11
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Table 1

Set 1 Set 2
TB size 712 bits 1480 bits
MIMO Layer 4 8
MCS 16QAM 64QAM
PRBs 1 2
Transmission Mode | TM2 T™M10
Receiver Type IRC NAICs
Timing Requirement | 1 TTI 2TTIs

[0065] In this example, the table (for example, Table 1) shows an association between the
timing requirement and the communication configuration. As shown, the TB sizes varies
between two sets, such as Set 1 and Set 2, where Set 1 has a value of 712 bits and Set 2 has
a value of 1480 bits. If the TB size is equal or less than 712 bits, the timing requirement
of the second communication device 120 is 1 transmission time interval (TTI), which may
be 1 ms or several microseconds. Otherwise, the timing requirement is 2 TTIs. Table 1
also shows two sets of transmission modes including TM2 and TM10, as defined in 3GPP
specifications. As shown, if the transmission mode is TM2, the timing requirement of the
second communication device 120 is 1 TTI. If the transmission mode is TM10, the timing
requirement is 2 TTIs. Furthermore, as shown, Table 1 also include the timing
requirements associated with the sets of other communication configurations, such as, the

MIMO layer, the MCS, the PRBs, the receiver type, and the like.

[0066] It is to be understood that Table 1 is only for the purpose of illustration with
suggesting any limitation. Other implementations of the table may be possible. In some
embodiments, the table may also include association between the timing requirements and
the service types. Alternatively or additionally, the table may include, for each set, the

capability of the second communication device 120.

[0067] After the first communication device 110 obtains the information in block 305, the
method 300 proceeds to block 310, where the first communication device 110 determines,
based on the obtained information, the feedback timing to be used by the second
communication device 120. Any suitable method may be used for the determination.
For example, the feedback timing may be selected based on an association between the

feedback timing and the capability, the timing requirement, or the service type of the

12
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second communication device 120.

[0068] For example, in the embodiments where the information indicates the capability is
received, the first communication device 110 may assign earlier (faster/shorter) feedback
timing to the second communication device 120 having a better capability, a lower
processing complexity, or less processing time, and vice versa. Specifically, if the second
communication device 120 is a relay rather than a terminal device, the first communication
device 110 may assign the earlier feedback timing to the second communication device 120.
If the second communication device 120 is a C-MTC rather than a M-MTC, the second
communication device 120 is more delay-critical. In this case, the first communication

device 110 may determine the earlier feedback timing.

[0069] In the embodiments where the information indicates the service type is received,
for example, the first communication device 110 may determine that the second device 120,
which is to be provided a more delay-critical service, will use earlier feedback timing, and
vice versa. Specifically, if the second communication device 120 is to initiate a
connection, which is more delay-critical, the earlier feedback timing may be determined.
If the second communication device 120 is to use a data sharing service, which may endure
a longer latency, the later feedback timing may be determined. As another example, the
first communication device 110 may determine the earlier feedback timing if the type of
service to be provided by the second communication device 120 is more delay-critical.
Specifically, if the second communication device 120 is to provide the backhaul for other
devices as a relay service, the first communication device 120 may determine that the

feedback timing may be earlier so as to reduce latency in a backhaul link.

[0070] Alternatively or additionally, in the embodiments where the timing requirement of
the second communication device 120 is obtained, the first communication device 110 may
assign later (slower/longer) feedback timing to the second communication device 120 with
a longer (later/slower) timing requirement. For example, the second communication
device 120 may report a longer timing requirement in the case that it has a worse capability.

Accordingly, the first communication device 110 may determine the later feedback timing.

[0071] In addition to the information indicating the capability, the timing requirement, or
the service type, other factors may be considered for the determination of the feedback
timing for the second communication device 120. In some embodiments, the

determination may be further based on an association of the feedback timing with a frame
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structure. In the context of the present disclosure, the frame structure refers to uplink and
downlink configurations of a radio frame, e.g., comprising a number of subframes and
respective uses of these, which may be used at both communication sides. For example, a
set of frame structures may be predefined, each including a type of feedback timing. The
first communication device 110 may select, based on the obtained information, the
feedback timing from the set of feedback timing included in the predefined frame

structures.

[0072] Examples in this respect will be described below with reference to Figs. 4 and 5.
Fig. 4 schematically depicts an example scenario in LTE frequency-division duplex (FDD).
As shown, in this example, the second communication 120, acting as a terminal device, is
required to transmit Automatic Repeat Request (ARQ) or hybrid-ARQ acknowledgment
related to a downlink subframe n in an uplink subframe n + 4. In Fig. 4, T, denotes a
propagation delay from the first communication device 110, acting as an access node, to the
second communication device 120; Tra denotes an offset separating the start of an uplink
subframe relative to the start of a corresponding downlink subframe at the terminal side;
Tue 1s the processing time available to the terminal; and Teng is a processing time available
to the first communication device 110. This allows the second communication device 120
between 2 and 3 ms for decoding the transport block and preparing the uplink transmission

that carries the ACK/NACK. The exact time depends on timing advance settings.

[0073] Fig. 5 illustrates a timing relationship between downlink data and uplink
hybrid-ARQ acknowledgement for time-division duplex (TDD). In fact, the
acknowledgement transmitted in uplink subframe 7 is bundled, and will be positively
valued only if both of the downlink transmissions in subframe 0 and 3 are correctly

decoded.

[0074] In addition, in some other embodiments, the determination of the feedback timing
may be further based on system configurations. For example, if a system bandwidth is 10
MHz and the bandwidth of 2 MHz is allocated to the second communication device 120,
the feedback timing may be determined by the first communication device 110 based on the
timing requirement of the second communication device 120 operating in the bandwidth of

2 MHz.

[0075] As another example, the first communication device 110 may decide, based on the

system configurations, a communication configuration for the second communication

14
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device 120, first. Given the communication configuration, the feedback timing may be
further determined based on an association of the feedback timing and the communication
configuration. Table 1 may also be referenced. If the configured TB size is equal or less
than 712 bits, 1 or more TTI may be selected as the feedback timing. Otherwise, the
feedback timing is 2 or more TTIs. Additionally or alternatively, if the transmission mode
is TM2, 1 TTI or more may be selected as the feedback timing; otherwise, the feedback
timing is 2 TTIs or more. Likewise, the feedback timing may be determined in association
with the sets of other communication configurations, such as the MIMO layers, the MCSs,

the PRBs, the receiver types, and the like.

[0076] Optionally, the first communication device 110 may determine the feedback timing
further considering a propagation time of data associated with the second communication
device 120. For example, if the propagation time of data between the first communication
device 110 and the second communication device 120 is longer, the first communication
device 110 may determine that the feedback timing is later (slower/longer). The
propagation time may be measured by the first communication device 110 by any suitable
measurement method.  Alternatively, the first communication device 110 may receive the
propagation time from the second communication device 120 which performs the

measurement of the propagation time.

[0077] Still with reference to Fig. 3, after the feedback timing is determined for the
second communication device 120, in block 315, the first communication device 110 sends
an indication of the feedback timing to the second communication device 120. As a result,
the first communication device 110 may communicate with the second communication
device 120 in accordance with the feedback timing. The indication of the feedback timing

may be implemented as any suitable explicit or implicit indication of the feedback timing.

[0078] In some embodiments, the indication may be the feedback timing per se. In some
other embodiments, the indication may be a frame structure associated with the feedback
timing. As described above, a set of frame structures may be predefined, and each frame
structure includes a type of feedback timing. After the feedback timing is selected from
the set of feedback timing included in the predefined frame structures, the associated frame
structure is also selected. Accordingly, the first communication device 110 may send to
the second communication device 120 an indication of the frame structure as the indication
of the selected feedback timing. After the second communication device 120 is informed

of the frame structure, the second communication device 120 may determine the feedback
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timing based on the association between the feedback timing and the frame structure, as
will be described in detail in the following paragraphs. After the frame structure is
indicated to the second communication device 120, in some embodiments, the first
communication device 110 may also communication with the second communication

device 120 in accordance with the frame structure.

[0079] The use of a frame structure, which is not predefined but configured dynamically,
is also possible. In this case, the first communication device 110 may configure, based on
the information obtained in block 305, a frame structure including specific feedback timing.
Then, the first communication device 110 may send to the second communication device
120 the indication of the frame structure for indicating both the feedback timing and the

frame structure to the second communication device 120.

[0080] In addition to the feedback timing per se and the associated frame structure, in
some embodiments, the indication may be a communication configuration associated with
the feedback timing. As described above, when operating with different communication
configurations, the second communication device 120 may have different timing
requirements. When the communication configuration to be used by the second
communication device 120 is decided, the feedback timing may be determined by the first
communication device 110 based on the corresponding timing requirement, accordingly.
In this case, the first communication device 110 may send to the second communication
device 120 an indicatton of the communication configuration. In this way, the feedback

timing is implicitly informed by the communication configuration.

[0081] In some embodiments, in addition to the communication configuration, the first
communication 110 may send to the second communication device 120 an association of
the feedback timing and the communication configuration.  Thus, the second
communication device 120 may determine the feedback timing based on the indication of
the communication configuration received from the first communication device 110. The
association of the feedback timing and the communication configuration may be
semi-statically or dynamically configured. Accordingly, the first communication device
110 may semi-statically or dynamically inform the second communication device 120 of
the association. The association of the feedback timing and the communication

configuration may also be predefined.

[0082] Fig. 6 shows a flowchart of an example method 600 in accordance with some other
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embodiments of the present disclosure. The method 600 can be implemented, for example,
in the second communication device 120 as shown in Figs. 1 and 2. For the purpose of

discussion, the method 600 will be described with reference to Figs. 1 and 2.

[0083] As shown, in block 605, the second communication device 120 determines
information indicating at least one of a capability, a timing requirement, and a service type
of the second communication device 120. As described above, the information may be

implemented as any suitable type of information.

[0084] For example, in the embodiments where the information indicates the capability,
the second communication may send an indication of its capability to the first
communication device 110. Specifically, the second communication device 120 may
report the device type, or the processing time associated with its capability to the first
communication device 110. Likewise, the processing time may be the processing time of
the second communication device 120 operating with a specific communication

configuration.

[0085] In the embodiments where the information indicates the service type, the second
communication device 120 may send to the first communication device 110 the service to
be provided to or by itself. Additionally or alternatively, in the embodiment where the
information indicates the timing requirement, the second communication device 120 may
determine the timing requirements based on the communication configurations and/or
service types. For example, the second communication device 120 may measure a
processing time when operating in a specific communication configuration. Further, the
second communication device 120 may determine the timing requirement based on the
measured processing time. Then, the second communication device 120 may send the
information indicating the timing requirements to the first communication device 110. As
another example, the second communication device 120 (for example, a terminal device)
may configure the timing requirement by itself. For example, when the second
communication device 120 is in power saving mode, the timing requirement may be longer,
and when the second communication device 120 is in non-power saving mode, the timing

requirement may be shorter.

[0086] As described above, the information may be implemented in any suitable form.
Likewise, the information may be recorded by the second communication device 120 in a

table, for example, in Table 1 as shown above. In the embodiments where Table 1 is used,
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the second communication device 120 may determine its timing requirements when
operating in a plurality of communication configurations, such as, the TB sizes, MIMO

layers, MCSs, PRBs, transmission modes, receiver types, and the like.

[0087] After the information indicating the capability, timing requirement, service type of
the second communication device 120 is determined, the method 600 proceeds to block 610,
where the second communication device 120 sends the information to the first
communication device 110. In this way, the first communication device 110 may
determine, based on the information, the feedback timing to be used by the second
communication device 120. Likewise, in the embodiments where the table is used to
record the information, the second communication device 120 may send the table to the
first communication device 110. In some embodiments, as described above, the sending
may be triggered by a request for the information sent from the first communication device

110.

[0088] In some embodiments, in addition to the above information, the second
communication device 120 may measure and send to the first communication device 110 a
propagation time of data between the second communication device 120 and the first
communication device 110. Any suitable method may be used for the measurement.
Thereby, the first communication device 110 may determine the corresponding feedback

timing further based on the propagation time.

[0089] After the information is sent in block 610, the second communication device 120
receives from the first communication device 110 an indication of feedback timing to be
used by itself, in block 615. Thus, the second communication device 120 may
communicate with the first communication device 110 in accordance with the feedback
timing.

[0090] As described above, the indication of the feedback timing may be implemented as
any suitable explicit or implicit indication of the feedback timing. For example, the
indication may be the feedback timing per se. As another example, an indication of a
frame structure or a communication configuration associated with the feedback timing may
be used for indicating the feedback timing. Optionally, the association between the
feedback timing and the communication configuration may also be received by the second
communication device 120. Accordingly, after the indication of the frame structure or

communication configuration is received, the second communication device 120 may
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determine the feedback timing based on the association between the feedback timing and

the frame structure or communication configuration.

[0091] By way of example, as described above, a set of frame structures may be
predefined, and each predefined frame structure includes a specific type of feedback timing.
In this case, the second communication device 120 may be aware of the feedback timing
based on the predefined inclusion of the feedback timing in the frame structures. In the
case that the indication of the frame structure is received, in some embodiments, the second
communication device 120 may communicate with the first communication device 110 in

accordance with the indicated frame structure.

[0092] Additionally or alternatively, if the association between the feedback timing and
communication configurations is determined in advance, the second communication device
120 may determine the feedback timing based on the associated communication
configurations after recetving the indication of the communication configuration.
Likewise, the second communication device 120 may also communicate with the first

communication device 110 with the indicated communication configuration.

[0093] It will be appreciated that all operations and features described above with
reference to the method 300 as shown in Fig. 3 are likewise applicable to the method 600.

For the purpose of simplification, the details will be omitted.

[0094] Fig. 7 shows a block diagram of a communication device 700 in accordance with
some embodiments of the present disclosure. The communication device 700 can be
considered an example implementation of the first communication device 110 as shown in

Figs. 1 and 2.

[0095] As shown, the communication device 700 comprises: a first obtaining unit 705
configured to obtain information indicating at least one of a capability, a timing
requirement, and a service type of a further communication device (referred to as the
second communication device in some paragraphs of this disclosure); a first determining
unit 710 configured to determine, based on the obtained information, feedback timing to be
used by the further communication device; and a first sending unit 715 configured to send
an indication of the feedback timing to the further communication device for
communication with the further communication device in accordance with the feedback

timing.

[0096] In some embodiments, the first determining unit 710 may be further configured to
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select a frame structure including the feedback timing. In some embodiments, the first
sending unit 715 may be further configured to send an indication of the frame structure to
the further communication device. In some embodiments, the communication device 700
may further comprise: a first communicating unit 720 configured to communicate data with

the further communication device in accordance with the frame structure.

[0097] In some embodiments, the first determining unit 710 may be further configured to
select the feedback timing based on an association between the feedback timing and the

capability, the timing requirement or the service type of the further communication device.

[0098] In some embodiments, the first obtaining unit 705 is further configured to receive
the information from the further communication device. In some embodiments, the first
sending unit 715 may be further configured to send, to the further communication device, a

request for the information.

[0099] In some embodiments, the first obtaining unit 705 may be further configured to
receive, from the further communication device, a processing time of the further
communication device indicating the capability of the further communication device. In
some embodiments, the first obtaining unit 705 may be further configured to receive, from
the further communication device, the processing time of the further communication device

in a communication configuration.

[00100] In some embodiments, the first obtaining unit 705 may be further configured to
receive, from the further communication device, the information indicating the timing
requirement of the further communication device associated with a communication
configuration. In some embodiments, the first obtaining unit 705 may be further
configured to receive, from the further communication device, the information indicating

the timing requirement of the further communication device associated with a service type.

[00101] In some embodiments, the communication device 700 may further comprise: a
second obtaining unit configured to obtain a propagation time of data associated with the
further communication device. In these embodiments, the first determining unit 710 may
be further configured to determine the feedback timing further based on the obtained

propagation time.

[0100] In some embodiments, the first determining unit 710 may be further configured to
select, based on the obtained information, the feedback timing from a set of feedback

timing associated with communication configurations. In some embodiments, the first
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sending unit 715 may be further configured to send, to the further communication device,
an indication of one of the communication configurations associated with the feedback
timing.

[0101] Fig. 8 shows a block diagram of a communication device 800 in accordance with
some other embodiments of the present disclosure. The communication device 800 can be
considered an example implementation of the second communication device 120 as shown

in Figs. 1 and 2.

[0102] As shown, the communication device 800 comprises: a second determining unit
805 configured to determine information indicating at least one of a capability, a timing
requirement, and a service type of the communication device; a second sending unit 810
configured to send the information to a further communication device (referred to as the
first communication device in some paragraphs of this disclosure); and a receiving unit 815
configured to an indication of feedback timing from the further communication device for
communication with the further communication device in accordance with the feedback
timing.

[0103] In some embodiments, the receiving unit 815 may be further configured to receive,

from the further communication device, a request for the information.

[0104] In some embodiments, the receiving unit 815 may be further configured to receive,
from the further communication device, an indication of a frame structure including the
feedback timing. In some embodiments, the communication device 800 may further
comprise: a second communicating unit 820 configured to communicate data with the

further communication device in accordance with the frame structure.

[0105] In some embodiments, the second determining unit 805 may be further configured
to determine a processing time of the communication device indicating the capability of the
communication device. In some embodiments, the second determining unit 805 may be
further configured to determine the processing time of the communication device in a

communication configuration.

[0106] In some embodiments, the second determining unit 805 may be further configured
to determine the timing requirement of the communication device associated with a
communication configuration. In some embodiments, the second determining unit 805
may be further configured to determine the timing requirement of the communication

device associated with a service type.
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[0107] In some embodiments, the communication device 800 may further comprise: a
third determining unit configured to determine a propagation time of data associated with
the communication device. In these embodiments, the second sending unit 810 may be

further configured to send the propagation time to the further communication device.

[0108] In some embodiments, the receiving unit 815 may be further configured to receive,
from the further communication device, an indication of one of communication

configurations associated with the feedback timing.

[0109] It should be appreciated that units included in the communication devices 700 and
800 correspond to the blocks of the methods 300 and 600. Therefore, all operations and
features described above with reference to Figs. 1 to 6 are likewise applicable to the units
included in the communication devices 700 and 800 and have similar effects. For the

purpose of simplification, the details will be omitted.

[0110] The units included in the communication devices 700 and 800 may be
implemented in various manners, including software, hardware, firmware, or any
combination thereof. In one embodiment, one or more units may be implemented using
software and/or firmware, for example, machine-executable instructions stored on the
storage medium. In addition to or instead of machine-executable instructions, parts or all
of the units in the communication devices 700 and 800 may be implemented, at least in part,
by one or more hardware logic components. For example, and without limitation,
illustrative types of hardware logic components that can be wused include
Field-programmable Gate Arrays (FPGAs), Application-specific Integrated Circuits
(ASICs), Application-specific Standard Products (ASSPs), System-on-a-chip systems
(SOCs), Complex Programmable Logic Devices (CPLDs), and the like.

[0111] Fig. 9 is a simplified block diagram of a device 900 that is suitable for
implementing embodiments of the present disclosure. The device 900 can be considered
as a further example implementation of the first and second communication devices 110
and 120 as shown in Figs. 1 and 2. Accordingly, the device 900 can carry the methods

implemented in the first and second communication devices 110 and 120, respectively.

[0112] As shown, the device 900 includes a processor 910, a memory 920 coupled to the
processor 910, a suitable transmitter (TX) and receiver (RX) 940 coupled to the processor
910, and a communication interface 950 coupled to the processor 910. The memory 910

stores at least a part of a program 930. The TX/RX 940 is for bidirectional wireless
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communications. The TX/RX 940 has at least one antenna to facilitate communication,
though in practice an Access Node mentioned in this application may have several ones.
The communication interface 950 may represent any interface that is necessary for
communication with other network elements, such as X2 interface for bidirectional
communications between eNBs, S1 interface for communication between a Mobility
Management Entity (MME)/Serving Gateway (S-GW) and the eNB, Un interface for
communication between the eNB and a relay node (RN), or Uu interface for

communication between the eNB and a terminal device.

[0113] The program 930 is assumed to include program instructions that, when executed
by the associated processor 910, enable the device 900 to operate in accordance with the
embodiments of the present disclosure, as discussed herein with reference to Figs. 1 to 8.
The embodiments herein may be implemented by computer software executable by the
processor 910 of the device 900, or by hardware, or by a combination of software and
hardware. The processor 910 may be configured to implement various embodiments of
the present disclosure. Furthermore, a combination of the processor 910 and memory 910
may form processing means adapted to implement various embodiments of the present

disclosure.

[0114] The memory 910 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 devices, magnetic memory devices and systems, optical memory devices
and systems, fixed memory and removable memory, as non-limiting examples. While
only one memory 910 is shown in the device 900, there may be several physically distinct
memory modules in the device 900. The processor 910 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. The
device 900 may have multiple processors, such as an application specific integrated circuit

chip that is slaved in time to a clock which synchronizes the main processor.

[0115] Generally, various embodiments of the present disclosure may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. Some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other

computing device. While various aspects of embodiments of the present disclosure are
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illustrated and described as block diagrams, flowcharts, or using some other pictorial
representation, it will be appreciated that the blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic, general purpose hardware or

controller or other computing devices, or some combination thereof.

[0116] By way of example, embodiments of the present disclosure can be described in the
general context of machine-executable instructions, such as those included in program
modules, being executed in a device on a target real or virtual processor. Generally,
program modules include routines, programs, libraries, objects, classes, components, data
structures, or the like that perform particular tasks or implement particular abstract data
types. The functionality of the program modules may be combined or split between
program modules as desired in various embodiments. Machine-executable instructions for
program modules may be executed within a local or distributed device. In a distributed

device, program modules may be located in both local and remote storage media.

[0117] Program code for carrying out methods of the present disclosure may be written in
any combination of one or more programming languages. These program codeé may be
provided to a processor or controller of a general purpose computer, special purpose
computer, or other programmable data processing apparatus, such that the program codes,
when executed by the processor or controller, cause the functions/operations specified in
the flowcharts and/or block diagrams to be implemented. The program code may execute
entirely on a machine, partly on the machine, as a stand-alone software package, partly on

the machine and partly on a remote machine or entirely on the remote machine or server.

[0118] In the context of this disclosure, a machine readable medium may be any tangible
medium that may contain, or store a program for use by or in connection with an instruction
execution system, apparatus, or device. The machine readable medium may be a machine
readable signal medium or a machine readable storage medium. A machine readable
medium may include but not limited to an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device, or any suitable combination of the
foregoing. More specific examples of the machine readable storage medium would
include an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a portable

compact disc read-only memory (CD-ROM), an optical storage device, a magnetic storage
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device, or any suitable combination of the foregoing.

[0119] 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
present disclosure, but rather as descriptions of features that may be specific to particular
embodiments. Certain features that are described in the context of separate cmbodiments
may also be implemented in combination in a single embodiment. Conversely, various
features that are described in the context of a single embodiment may also be implemented

in multiple embodiments separately or in any suitable sub-combination.

[0120] Although the present disclosure has been described in language specific to
structural features and/or functional actions, it is to be understood that the present
disclosure defined in the appended claims is not necessarily limited to the specific features
or actions described above. Rather, the specific features and acts described above are

disclosed as example forms of implementing the claims.
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WHAT ISCLAIMED IS:

1. A method (300) implemented in a first communication device (110, 700)
operating in awireless network, the method comprising:

obtaining (305) capability information indicating a processing time of a second
communication device (120, 800), the processing time being related to the generating of
feedback at the second communication device for transmission to the first communication
device;

selecting (310) a frame structure to be used for communicating with the second
communication device, in dependence on the processing time of the second communication
device, the selected frame structure having a corresponding feedback timing that is
compatible with the processing time of the second communication device, and in further
dependence on a timing advance with respect to the second communication device, such
that the processing time plus the timing advance does not violate the corresponding
feedback timing of the selected frame structure;

sending (315) an indication of the selected frame structure to the second
communication device; and

communicating with the second communication device in accordance with the
selected frame structure, including receiving feedback from the second communication

device according to the selected frame structure.

2. The method (300) of claim 1, wherein selecting (310) the frame structure
comprises:
selecting the frame structure based on an association between the feedback timing

requirement and the processing time of the second communication device (120, 800).

3. Themethod (300) of any of the preceding claims, wherein obtaining (305) the
capability information comprises:

receiving the capability information from the second communication device (120,

800).

4.  The method (300) of claim 3, further comprising:

sending, to the second communication device (120, 800), arequest for the capability
information.
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5.  The method (300) of claim 3 or 4, wherein selecting (310) the frame structure
comprises:
selecting, based on the obtained capability information, a feedback timing from a set

of feedback timing values associated with respective communication configurations.

6. The method (300) of claim 5, wherein sending (315) the indication of the
selected frame structure comprises:
sending, to the second communication device (120, 800), an indication of a

communication configuration associated with the feedback timing.

7. Themethod (300) of claim 6, further comprising:
sending, to the second communication device (120, 800), an association between the

communication configuration and the feedback timing.

8. A method (600) implemented in a second communication device (120, 800)
operating in awireless network, the method comprising:

generating (605) a message comprising capability information indicating a
processing time of the second communication device (120, 800), the processing time being
related to the generating of feedback at the second communication device for transmission
to afirst communication device of the wireless network;

sending (610) the message to a first communication device (110, 700), for use by the
first communication device in selecting a frame structure to be used for communications
between the first communication device and the second communication device, the selected
frame structure having a corresponding feedback timing that is compatible with the
processing time of the second communication device and that is not violated by the
processing time plus a timing advance with respect to the first communication device;

receiving (615) an indication of the selected frame structure from the first
communication device (110, 700); and

communicating with the first communication device (110, 700) in accordance with
the selected frame structure, including transmitting feedback from the second
communication device according to the selected frame structure.

9. Themethod (600) of claim 8, further comprising:
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receiving, from the first communication device (110, 700), a request for the

capability information.

10. The method (600) of clam 8, wherein generating (605) the message
comprising capability information indicating the processing time comprises:
determining the processing time of the second communication device (120, 800) in

a communication configuration.

11. The method (600) of any of clams 8 to 10, wherein receiving (615) the
indication of the selected frame structure comprises:

receiving, from the first communication device (110, 700), an indication of a
communication configuration associated with the feedback timing.

12. Themethod (600) of claim 11, further comprising:
receiving, from the first communication device (110, 700), an association between
the communi cation configuration and the feedback timing.

13. A communication device (110, 700) configured to operate in a wireless
network, the communication device comprising:

afirst obtaining unit (705) configured to obtain capability information indicating a
processing time of a further communication device (120, 800), the processing time being
related to the generating of feedback at the further communication device for transmission
to the communication device;

a first determining unit (710) configured to select a frame structure to be used for
communicating with the further communication device, in dependence on the processing
time of the further communication device, the selected frame structure having a
corresponding feedback timing that is compatible with the processing time of the further
communication device, and in further dependence on a timing advance with respect to the
further communication device, such that the processing time plus the timing advance does
not violate the corresponding feedback timing of the selected frame structure; and

a first sending unit (715) configured to send an indication of the selected frame
structure to the further communication device (120, 800) and to communicate with the
further communication device (120, 800) in accordance with the selected frame structure,

including receiving feedback from the further communication device according to the
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sdlected frame structure.

14. A communication device (120, 800) configured to operate in a wireless
network, the communication device comprising:

a second determining unit (805) configured to generate a message comprising
capability information indicating a processing time of the communication device (120, 800),
the processing time being related to the generating of feedback at the communication
device for transmission to a further communication device;

a second sending unit (810) configured to send the message to the further
communication device (110, 700) for use by the further communication device in selecting
a frame structure to be used for communications between the communication device and
the further communication device, the selected frame structure having a corresponding
feedback timing that is compatible with the processing time of the communication device
and that is not violated by the processing time plus a timing advance with respect to the
further communication device; and

a receiving unit (815) configured to receive an indication of the selected frame
structure from the further communication device (110, 700) and to communicate with the
further communication device (110, 700) in accordance with the selected frame structure,
including transmitting feedback from the communication device according to the selected

frame structure.
15. A computer program including instructions which, when executed on at |east

one processor, cause the at least one processor to carry out the method (300, 600) according

to any of clams1to 12.

29



