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(57) Abstract: A method is provided for assisting data transmission on a first carrier by indicating a termination point of data trans-
mission in a transmitting device and apparatus thereof, wherein the method comprises the steps of: A. transmitting data on the carrier
to a receiving device in a first subframe; and B. transmitting downlink control information to the receiving device; wherein the
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frame. The method and apparatus could improve the utilization of subframe and transmission capacity, and enable LTE to satisfy the

regulations for unlicensed operation with high spectral efficiency.
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METHOD FOR ASSISTING DATA TRANSMISSION ON FIRST CARRIER
BY INDICATING TERMINATION POINT OF DATA TRANSMISSION

Field of the Invention

The application relates to a wireless communication field, and particularly to a
method for assisting data transmission on a first carrier by indicating a termination point of

data transmission and apparatus thereof.

Background of the Invention

In LTE Licensed-Assisted Access (LAA), an LTE carrier operating in unlicensed
spectrum is aggregated with an LTE carrier in licensed spectrum. The subframe boundaries
on the unlicensed carrier would typically be aligned with those on the licensed carrier.

Before data transmission can take place on the unlicensed carrier, regulations in some
parts of the world require that a Clear Channel Assessment (CCA) or Extended CCA
(ECCA) procedure is carried out to sense the channel to determine that it is free of
transmissions from other devices. If the (E)CCA carried out by a device determines that the
channel is free, the device may commence transmission immediately.

Further regulations in some parts of the world impose a restriction on the maximum
length of transmission time by a given device (e.g. 4ms). Currently in LTE, data
transmissions always terminate at a subframe boundary, since there is no mechanism to
indicate any other termination point. However, with subframes having a duration of 1ms,
up to 25% of the available transmission time may not be utilized in each transmission
opportunity if data transmissions have to terminate at the last subframe boundary before
4ms after the start of transmission.

A mechanism is therefore needed to enable data transmissions to terminate part way

through a subframe.

Object and Summary of the Invention

In view of technical problem mentioned above, it would be desirable to achieve a
solution for assisting data transmission on a first carrier by indicating a termination point

of data transmission.
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To achieve the purpose of the invention, a first aspect of the invention proposes a
method for assisting data transmission on a first carrier by indicating a termination point of
data transmission in a transmitting device, wherein the method comprises the steps of: A.
transmitting data on the carrier to a receiving device in a first subframe; and B.
transmitting downlink control information to the receiving device; wherein the downlink
control information includes a termination point indication for indicating a termination
point of the data in the first subframe.

Advantageously, the step (B) further comprises:

- transmitting the downlink control information to the receiving device con a second
carrier.

Advantageously, a subframe for transmitting the downlink control information is
aligned with the first subframe.

Advantageously, the step (B) further comprises:

- transmitting the downlink control information to the receiving device on the first
carrier in the first subframe.

Advantageously, the termination point indication includes an indicator for indicating
a symbol index of the termination point of the data in the first subframe.

Advantageously, each value represented by the indicator corresponds to a symbol
index of possible termination point according to a mapping relationship configured in
advance by higher-layer signaling or predetermined specification.

Advantageously, the possible termination point is located not before a reference
signal designed for demodulation of the data.

Advantageously, the indicator comprises a 1-bit flag for indicating whether the data
terminates at the mid-point of the first subframe or continues until the end of the first
subframe.

Advantageously, the termination point indication comprises a postamble signal
transmitted immediately after the termination point of the data in the first subframe.

Advantageously, the downlink control information further comprises an indication of
a size of the data block transmitted, wherein the indication of a size is derived from a first
table of sizes if the termination point indication indicates a termination point prior to the
end of the sub-frame and a second table of sizes otherwise.;

Advantageously, the downlink control information further comprises an indication of

a size of the data block transmitted, wherein the indication of a size is derived from a
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second table of sizes and a scaling factor if the termination point indication indicates a
termination point prior to the end of the sub-frame and the second table of sizes otherwise.;

Advantageously, the transmitting device is a base station and the receiving device is a
user equipment.

A second aspect of the invention proposes an apparatus for assisting data
transmission on a first carrier by indicating a termination point of data transmission in a
transmitting device, wherein the apparatus comprises: a first transmitting unit configured to
transmit data on the carrier to a receiving device in a first subframe; and a second
transmitting unit configured to transmit downlink control information to the receiving
device; a DCI unit configured to generate the downlink control information; wherein the
downlink control information includes a termination peint indication for indicating a
termination point of the data in the first subframe.

Advantageously, the DCI unit further comprises: a determining module configured to
determine a value for a symbol index of the termination point of the data in the first
subframe according to a mapping relationship configured in advance by higher-layer
signaling or predetermined specification.

In summary, the inventive methods and apparatus could improve the utilization of
subframe and transmission capacity, and enable LTE-Unlicensed to satisfy the regulations
for unlicensed operation with high spectral efficiency. Besides, the solution in this

invention has greater competitiveness in accessing the channel.

Brief Description of the Drawings

The invention is explained in further detail, and by way of example, with reference to
the accompanying drawings wherein:

Figure 1 illustrates a flow chart of a method for assisting data transmission on a first
carrier by indicating a termination point of data transmission in accordance with this
invention;

Figure 2 illustrates a schematic view of a typical embodiment in accordance with this
invention; and

Figure 3 illustrates a schematic view of another possible embodiment in accordance

with this invention;
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Throughout the above drawings, like reference numerals will be understood to refer to

like, similar or corresponding features or functions.

Detailed Description

The following particular description of preferred embodiments will be given with
reference to the drawings constituting a part of the invention. The drawings exemplarily
illustrate particular embodiments, in which the invention can be practiced. The exemplary
embodiments are not intended to exhaust all the embodiments of the invention. As can be
appreciated, other embodiments can be possible or structural or logical modifications can
be made without departing from the scope of the invention. Thus the following detailed
description is not intended to be limiting, and the scope of the invention will be defined as
in the appended claims.

The main concept of the method in the invention is: when a transmitting device is
required to transmit data (e.g. PDSCH data) on a first carrier (e.g. unlicensed carrier) to a
receiving device, the transmitting device will send a termination point indication to the
receiving device in DCI (downlink control information) message, such that the receiving
device could know the termination point of the data and implement the corresponding
demodulation, wherein the termination point indication is used for indicating a termination
point of the data.

Based on the concept mentioned above, the invention further proposes a
corresponding apparatus for assisting data transmission by a indicating termination point of
data transmission in transmitting device. The apparatus comprises a first transmitting unit
configured to fransmit data, a second transmitting unit configured to transmit downlink
control information and a DCI unit configured to generate the downlink control
information, wherein the DCI unit further comprises a determining module.

Hereinafter, the method for assisting data transmission by indicating a termination
point of data transmission and apparatus thereof will be described in detail referring to
figure 1.

In step 202, a DCI unit generates downlink control information containing a
termination point indication for indicating a termination point of the data in a first
subframe, wherein the termination point of the data is on the first subframe. In other word,

the termination point of the data corresponds to one of symbols in the first subframe.
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To be specific, when a transmitting device needs to transmit data to a receiving device
on a first carrier (e.g. unlicensed carrier), the transmitting device is required to send
downlink control information containing a termination point indication to the receiving
device. In one embodiment, the downlink control information also contains transmission
parameters of the data transmission (for example Physical Resource Block (PRB)
resources, Modulation and Coding Scheme (MCS), transport block size (TBS)).

The termination point indication indicates a symbol index of the termination point of
the data in the first subframe by an indicator. In one embodiment, each value represented
by the indicator corresponds to a symbol index in the first subframe to indicate the
termination point of the data. However, for a subframe with 14 symbols, it might need at
least 4-bit for an indicator to represent all symbol indexes in a subframe if each symbol
index is assigned to a value represented by indicator. Because not all of symbols are likely
to be the termination point (for example, the first several symbols in the subframe hardly
become the termination point), it means assignment for all symbols in the first subframe is
not an optimal solution.

Therefore, in a preferred embodiment of this invention, we propose to assign a value
represented by indicator only for those symbols which are likely to be the termination point.
Such solution can improve the utilization of DCI resource. In order to implement this
solution, a set of possible termination points should be configured in advance by
higher-layer signalling or are predetermined by specification, and a mapping relationship
between the symbol indexes of possible termination points and the value represented by
the indicator also should be configured in advance by higher-layer signalling or are
predetermined by specification. Therefore, before step 202, the method further comprise
step 201°.

In step 201°, a mapping relationship between the symbol indexes of possible
termination points and the value represented by the indicator is configured in advance by
higher-layer signalling or are predetermined by specification. According to the mapping
relationship, a determining module in transmitting device may determine a value
corresponding to a symbol index of practical termination point of the data in the first
subframe. Correspondingly, after obtaining a value represented by the indicator, the
receiving device may immediately determine a corresponding symbol index according to
the mapping relationship.

In a preferred embodiment, such possible termination points could be the proximity of
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reference signals designed for demodulation of the data. For example, it might not be
permitted to terminate the data transmission before the first demodulation reference signals
in the subframe have been transmitted, so the possible termination points can be located
not before a reference signal designed for demodulation of the data.

In another preferred embodiment, the only possible termination point is the mid-point
of the subframe (a k.a. the slot boundary); in this case, the indicator simply comprises a
1-bit flag, indicating whether the data transmission can be assumed to terminate at the slot
boundary or to continue until the end of the subframe.

In the existing LTE specification, TBS is not explicitly signaled. Instead, it is derived
based on the MCS, the number of PRBs and the pre-defined TBS tables. When there is a
large variation in the number of OFDM symbols used for data transmission, the TBS
should also depend on the number of OFDM symbols. Therefore, before step 202, the
method further comprise step 2017

In step 2017, a first table of sizes or a scaling factor is configured in advance by
higher-layer signalling or is predetermined by specification. The first table of sizes or
scaling factor should be shared with receiving device before data transmission.

In a preferred embodiment, the first table of sizes corresponding to different numbers
of OFDM symbols of data is defined. The downlink control information further comprises
an indication of a size of the data block transmitted, wherein the indication of a size is
derived from the first table of sizes if the termination point indication indicates a
termination point prior to the end of the sub-frame and a second table of sizes otherwise.
The second table of sizes is the existing TBS table.

In a preferred embodiment, scaling factors for different numbers of symbols of data
based on a second table of sizes (existing TBS table) are defined. A scaling factor can be
applied to the second table of sizes for each value of the number of OFDM symbols.
Different scaling factors can be used for different values of the number of OFDM symbols.
Alternatively, the same scaling factor can be used for a set of values of the number of
OFDM symbols (similar to the handling of DWPTS in LTE TDD). Correspondingly, the
downlink control information further comprises an indication of a size of the data block
transmitted, wherein the indication of a size is derived from a second table of sizes and a
scaling factor if the termination point indication indicates a termination point prior to the
end of the sub-frame and the second table of sizes otherwise.

In step 204, the first transmitting unit transmits data to the receiving device on a first
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carrier. It should be noted that the data will be transmitted from the 4™ symbols of the first
subframe when the first 1-3 symbols is occupied by the PDCCH DCI message.

In a preferred embodiment, a postamble signal is transmitted immediately after
termination of the data transmission, for example in a part of an OFDM symbol, one
OFDM symbol, or multiple OFDM symbols. Therefore, the termination point indication
further comprises a postamble signal transmitted immediately after the termination point of
the data in the first subframe.

In step 206, the second transmitting unit transmits the downlink control information to
the receiving device.

In a preferred embodiment, the downlink control information is transmitted on a
second carrier (e.g. licensed carrier) by EPDCCH or PDCCH. Moreover, the subframe for
transmitting the downlink control information is aligned with the first subframe.

In another preferred embodiment, the downlink control information is transmitted on
PDCCH on the first carrier. Moreover, the subframe for transmitting the downlink control
information is same as the subframe (first subframe) for transmitting the data.

In a preferred embodiment, the transmitting device is a base station and the receiving
device is a user equipment.

In a preferred embodiment, the remaining OFDM symbols in a subframe after
termination of data transmission may be used to schedule another user in the unlicensed
band.

Hereinafter, the method for assisting data transmission by indicating termination point
of data transmission will be described by the detailed embodiments referring to figure 2
and 3

In a typical embodiment illustrated in Figure 2, when a LTE eNB is required to
transmit PDSCH data to a receiving UE, the LTE eNB will transmit a DCI message on
EPDCCH or PDCCH in a subframe #0 on a first (e.g. licensed) carrier, wherein the DCI
message indicates transmission parameters for a PDSCH data transmission in a subframe
#(” on a second (e.g. unlicensed) carrier. The boundary of subframe #0 on the first carrier
is aligned with the boundary of subframe #0’ on the second carrier. The DCI message
includes a termination point indication, which indicates the PDSCH data transmission will
terminate with OFDM symbol #9 of the subframe #0°. At the same time, the LTE eNB
transmits the PDSCH data on the second carrier and terminates it after OFDM symbol #9

of the subframe #0°. Correspondingly, the receiving UE will decode the DCI message and
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as a result discard the buffered PDSCH samples after OFDM symbol #9 in the subframe
#0’. In such embodiment, the DCI message typically further includes a Carrier Indicator
Field (CIF) for indicating an identifier of the carrier.

In another embodiment illustrated in Figure 3, when a LTE eNB is required to
transmit PDSCH data to a receiving UE, the LTE eNB will transmit a DCI message on
PDCCH in a subframe #0 on a second (e.g. unlicensed) carrier so that the DCI message
transmission could be completed within the first 3 OFDM symbols of the subframe,
wherein the DCI message indicates transmission parameters for a PDSCH data
transmission in the same subframe on the same carrier. The DCI message includes a
termination point indication, which indicates the PDSCH data transmission will terminate
with OFDM symbol #9. After transmitting the DCI message in the first 3 OFDM symbols,
the LTE eNB transmits the PDSCH data in the same subframe and terminates it after
OFDM symbol #9. Correspondingly, the receiving UE will decode the DCI message and as
a result discard the buffered PDSCH samples after OFDM symbol #9 in the subframe #0.
In such embodiment, the DCI message typically further includes a Carrier Indicator Field

(CIF) for indicating an identifier of the carrier.

It should be noted that the above described embodiments are given for describing
rather than limiting the invention, and it is fo be understood that modifications and
variations may be resorted to without departing from the spirit and scope of the invention
as those skilled in the art readily understand. Such modifications and variations are
considered to be within the scope of the invention and the appended claims. The protection
scope of the invention is defined by the accompanying claims. In addition, any of the
reference numerals in the claims should not be interpreted as a limitation to the claims. Use
of the verb “comprise” and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The indefinite article “a” or “an” preceding an

element or step does not exclude the presence of a plurality of such elements or steps.
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What is claimed is:

1. A method for assisting data transmission on a first carrier by indicating a termination
point of data transmission in a transmitting device, wherein the method comprises the steps
of:

A. transmitting data on the carrier to a receiving device in a first subframe; and

B. transmitting downlink control information to the receiving device;

wherein the downlink control information includes a termination point indication for

indicating a termination point of the data in the first subframe.

2. The method of ¢laim 1, wherein the step (B) further comprises:
- transmitting the downlink control information to the receiving device on a second

carrier.

3. The method of claim 2, wherein a subframe for transmitting the downlink control

information is aligned with the first subframe.

4. The method of claim 1, wherein the step (B) further comprises:
- transmitting the downlink control information to the receiving device on the first

carrier in the first subframe.

5. The method of claim 3 or claim 4, wherein the termination point indication includes an
indicator for indicating a symbol index of the termination point of the data in the first

subframe.
6. The method of claim 5, wherein each value represented by the indicator corresponds to
a symbol index of possible termination point according to a mapping relationship

configured in advance by higher-layer signaling or predetermined specification.

7. The method of claim 6, wherein the possible termination point is located not before a

reference signal designed for demodulation of the data.

8. The method of claim 6 or claim 7, wherein the indicator comprises a 1-bit flag for
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indicating whether the data terminates at the mid-point of the first subframe or continues

until the end of the first subframe.

9. The method of any of claims 1 to 7, wherein the termination point indication
comprises a postamble signal transmitted immediately after the termination point of the

data in the first subframe.

10. The method of claim 6, wherein the downlink control information further comprises
an indication of a size of the data block transmitted, wherein the indication of a size is
derived from a first table of sizes if the termination point indication indicates a termination

point prior to the end of the sub-frame and a second table of sizes otherwise.

11. The method of claim 6, wherein the downlink control information further comprises
an indication of a size of the data block transmitted, wherein the indication of a size is
derived from a second table of sizes and a scaling factor if the termination point indication
indicates a termination point prior to the end of the sub-frame and the second table of sizes

otherwise.

12. The method of claim 6, wherein the transmitting device is a base station and the

receiving device is a user equipment.

13. An apparatus for assisting data transmission on a first carrier by indicating a
termination point of data transmission in a transmitting device, wherein the apparatus
comprises:

a first transmitting unit configured to transmit data on the carrier to a receiving device
in a first subframe; and

a second transmitting unit configured to transmit downlink control information to the
receiving device;

a DCI unit configured to generate the downlink control information;

wherein the downlink control information includes a termination point indication for

indicating a termination point of the data in the first subframe.

14. The apparatus of claim 13, wherein the DCI unit further comprises:

10
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a determining module configured to determine a value for a symbol index of the
termination point of the data in the first subframe according to a mapping relationship

configured in advance by higher-layer signaling or predetermined specification.

11
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