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(57) ABSTRACT

This disclosure provides a Scheduling Request transmission
method (10) for decoupled downlink-uplink in heteroge-
neous network, where the heterogeneous network comprises
at least two cells in charge of downlink and uplink transmis-
sion separately and connected with any backhaul, the method
comprising: determining (11) a positive Data Scheduling
Request, D-SR, is to be transmitted in a current D-SR’s sub-
frame together with HARQ-ACK/NACK on PUCCH using
PUCCH format 1a/1b/3; transmitting (12) a HARQ-ACK/
NACK in the current D-SR’s subframe on PUCCH together
with a negative D-SR using PUCCH format 1/1a/1b or format
3 while transmitting a Scheduling Request, SR, in a next SR’s
subframe subsequent to the current D-SR’s subframe. In this
method, the Scheduling Request (SR) of the UEs can be
correctly detected in the Pico base station to trigger UL trans-
mission in decoupled UL/DL scenario in various case and any
kinds of backhaul can be supported.
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SCHEDULING REQUEST TRANSMISSION
METHOD AND APPARATUS FOR
DECOUPLED DOWNLINK-UPLINK

TECHNICAL FIELD

[0001] The invention generally relates to wireless commu-
nication technologies, in particular to a Scheduling Request
transmission method and apparatus for decoupled downlink-
uplink (DL-UL) in heterogeneous networks.

BACKGROUND

[0002] In 3GPP-LTE advanced, Coordinated Multi-Point
Transmission (CoMP) is proposed as a key technology for
further improving cell-edge performance. For uplink CoMP,
one of the focused scenarios is the heterogeneous network
scenario defined by 3GPP. A key feature in this scenario is the
Decoupled DL-UL for some UEs, e.g., the UE as shown in
FIG. 1 where an exemplary decoupled DL-UL scenario in the
heterogeneous network is illustrated. In particular, as the
Macro cell A has much higher transmission power than the
Pico cell B, the coverage is different for the Macro cell A and
the Pico cell B. For the UE located in the Macro cell coverage
but at the coverage boundary between the Macro cell A and
the Pico cell B, the received downlink signal from the Macro
cell A is stronger than that from the Pico cell B. Hence the UE
is associated with the Macro cell A and receives downlink
signals from the Macro cell A. While for the uplink, since the
UE is closer to the Pico cell B than the Macro cell A, it is better
to select Pico cell B as the reception point, in order to reduce
the transmit power of the UE and the interference to other
normal UEs in the Pico cell B. Therefore, for this UE, the
downlink serving cell is the Macro cell A but the uplink
serving cell is the Pico cell B.

[0003] In the decoupled DL-UL scenario, it is up to Macro
base station to manage DL transmission, yet Pico base station
is in charge of UL transmission. If any backhaul connection
(good, less than ~0.5 ms latency; medium, ~5 ms latency;
poor, ~50-100 ms latency) between the Macro base station
and the Pico base station is considered, for example, when a
slow backhaul connection is used, it is hard to support instan-
taneous information exchange between Macro base station
and Pico base station, thus, DL-UL separation is imple-
mented between Macro base station (DL) and Pico base sta-
tion (UL). Due to this, physical uplink control channel
(PUCCH) format 1a/1b/2/2a/2b/3 (including HARQ-ACK/
NACK(A/N) and/or CQI) corresponding to the downlink
transmission is to be received by Macro base station, and the
Transmission power of UE shall be large enough to reach the
Macro base station. While the scheduling request (D-SR and
RA-SR) using PUCCH format 1 corresponding to the UL
transmission is to be received by the Pico base station, and it
shall reach the Pico base station, which means a low Trans-
mission power of the UE to reduce the interference to other
normal UEs (i.e., of which both DL and UL connections are
served by the Pico cell) in the Pico cell.

[0004] Ifthere is only D-SR transmitted in one subframe, it
is OK for the Pico base station to receive it. However, 1) if 1
or 2 bits HARQ-ACK/NACK feedback and positive D-SR are
to be transmitted in the same subframe, HARQ-ACK/NACK
will be transmitted on D-SR’s resource using PUCCH format
la/1b; or 2) if up to 10-bit HARQ-ACK/NACK and 1-bit
positive D-SR for FDD or 20-bit HARQ-ACK/NACK and
1-bit positive D-SR for TDD are transmitted in the same
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subframe, HARQ-ACK/NACK and D-SR are jointly
encoded and PUCCH format 3 is used. Both PUCCH format
1a/1b and format 3 have to reach Macro base station, which
means the Transmission power will be larger than that nec-
essary to reach the Pico base station, so that it will 1) cause a
strong interference to the D-SR monitoring of other normal
UEs in the Pico cell in format 1a/1b case above. 2) the Pico
base station will fully miss the D-SR information in format 3
as described above. Because the Pico base station doesn’t
know there is HARQ-ACK/NACK in this subframe, it will
only monitor the D-SR resource instead of the resource of
format 3.

SUMMARY

[0005] This disclosure aims to provide a new SR transmis-
sion method and apparatus in decoupled DL-UL scenario
with any backhaul, thus preferably mitigate, alleviate or
eliminate one or more of the above mentioned disadvantages
singly or in any combination.

[0006] In one aspect of the invention, there is provided a
Scheduling Request transmission method for decoupled
downlink-uplink in heterogeneous network, where the het-
erogeneous network comprises at least two cells in charge of
downlink and uplink transmission separately and connected
with any backhaul, the method comprising: determining a
positive Data Scheduling Request, D-SR, is to be transmitted
in a current D-SR’s subframe together with HARQ-ACK/
NACK on PUCCH using PUCCH format 1a/1b/3; transmit-
ting a HARQ-ACK/NACK in the current D-SR’s subframe
on PUCCH together with a negative D-SR using PUCCH
format 1/1a/1b or format 3, while transmitting a Scheduling
Request, SR, in a next SR’s subframe subsequent to the
current D-SR’s subframe.

[0007] In a second aspect of the invention, there is further
provided a Scheduling Request transmission apparatus for
decoupled downlink-uplink in heterogeneous network,
where the heterogeneous network comprises at least two cells
in charge of downlink and uplink transmission separately and
connected with any backhaul, the apparatus comprising: a
determining module for determining a positive Data Sched-
uling Request, D-SR, is to be transmitted in a current D-SR’s
subframe together with HARQ-ACK/NACK on PUCCH
using PUCCH format 1a/1b/3; a transmitting module for
transmitting a HARQ-ACK/NACK together with a negative
D-SR in the current D-SR’s subframe on PUCCH using
PUCCH format 1/1a/1b or format 3, while transmitting a
Scheduling Request, SR, in a next SR’s subframe subsequent
to the current D-SR’s subframe.

[0008] In a third aspect of the invention, there is also pro-
vided user equipment including the apparatus according to
the embodiments of the invention.

[0009] In a fourth aspect of the invention, there is also
provided a computer program product comprising a set of
computer executable instructions stored on a computer read-
able medium, configured to implement the method according
to the embodiments of the invention.

[0010] In a fifth aspect of the invention, there is also pro-
vided a computer-readable medium having stored thereon a
computer program product comprising a set of computer
executable instructions which when executed by a processor
in a computing device, causes the computing device to imple-
ment the method according to the embodiments of the inven-
tion.
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[0011] Various embodiments of the invention may bring
one or more of the following advantages, for example, the
Scheduling Request (SR) ofthe UEs can be correctly detected
in the Pico cell and the interference to the Pico cell caused by
the PUCCH transmitted to the Macro cell can be reduced in
the decoupled DL-UL scenario. Further, the embodiments
can support any kinds of backhaul.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features and advantageous of the present inven-
tion will be more apparent from the following exemplary
embodiments of the invention illustrated with reference to the
accompanied drawings, in which:

[0013] FIG. 1 illustrates an exemplary schematic scenario
of'decoupled DL-UL transmission in heterogeneous network;
[0014] FIG. 2 illustrates an exemplary schematic flowchart
of Scheduling Request (SR) transmission method for a
decoupled DL-UL scenario in heterogeneous network
according to an embodiment of the invention;

[0015] FIG. 3 illustrates an exemplary schematic diagram
of'a SR transmission procedure for a decoupled DL-UL sce-
nario in heterogeneous network according to an embodiment
of the invention; and

[0016] FIG. 4 illustrates an exemplary schematic diagram
of'a SR transmission apparatus for a decoupled DL-UL sce-
nario in heterogeneous network according to an embodiment
of the invention.

DETAILED DESCRIPTION

[0017] Embodiments of the invention will be described
thoroughly hereinafter with reference to the accompanied
drawings. It will be apparent to those skilled in the art that the
invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments and specific details set forth herein. Like numbers refer
to like elements throughout the description.

[0018] In this disclosure, although specific terminologies
have been used to exemplify the invention, this should not be
seen as limiting the scope of the invention to only the afore-
mentioned communication system. With the rapid develop-
ment in communications, there will of course also be future
type of technologies and systems with which the present
invention may be adapted.

[0019] FIG.2 illustrates an exemplary schematic flowchart
of Scheduling Request (SR) transmission method for a
decoupled DL-UL scenario in heterogeneous network
according to an embodiment of the invention.

[0020] In the context of the invention, the term “heteroge-
neous network™ generally refers to a network environment
where at least two cells with different coverage and/or differ-
ent transmit powers are included. The two cells are respec-
tively in charge of the uplink and downlink communication
with the UE at the edge. Generally, the cell with a larger
coverage or a high transmission power is responsible for the
downlink communication (for example, communication
from Macro base station to UE); the cell with a smaller
coverage or a low transmission power is responsible for the
uplink communication (for example, communication from
UE to the Pico base station). In the embodiments of the
invention, as an example, two cells are respectively referred to
as a Macro cell A and a Pico cell B to illustrate an exemplary
heterogeneous network environment where decoupled DL-
UL scenario is implemented.
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[0021] As known, the physical uplink control channel
(PUCCH) carries uplink control information. The physical
uplink control channel supports multiple formats as shown in
Table 1, such as PUCCH format 1/1a/1b/2/2a/2b/3. The selec-
tion of the formats depends on what kind of information is to
be transmitted on PUCCH. For example, the physical uplink
control channel (PUCCH) format 1 is a transmission channel
used to carry information regarding scheduling requests (SR)
in which the UE requests resources to transmit uplink shared
channel (UL-SCH). For example, if the UE intends to trans-
mit SR, format 1 may be selected. If the UE intends to trans-
mit ACK/NACK (1 or 2 bits) or SR&ACK/NACK (1 or 2
bits), format 1a/1b may be selected. If SR & ACK/NACK (10
bits for FDD or 20 bits for TDD) is to be transmitted, format
3 may be selected. PUCCH is used to feedback uplink control
information (UCI) to base station. HARQ-ACK/NACK is
sent by UE to indicate whether the DL transmission is
received correctly or not. Both D-SR and RA-SR can be sent
by UE to inform base station that there is data to be transmit-
ted by UE. D-SR is carried on PUCCH and RA-SR on Ran-
dom Access Channel (RACH).

TABLE 1
PUCCH  Modulation Number of bits per
format scheme subframe, M, UCI
N/A N/A SR

la BPSK 1 ACK/NACK

SR & ACK/NACK
1b QPSK 2 ACK/NACK

SR & ACK/NACK
2 QPSK 20 S
2a QPSK + BPSK 21
2 QPSK + QPSK 22
3 QPSK 48 SR & ACK/NACK
[0022] In the decoupled DL-UL scenario, the downlink

serving cell for UE is the Macro cell but the uplink serving
cell for UE is the Pico cell. PUCCH format 1a/1b/2/2a/2b/3
may be used for transmission of HARQ-ACK/NACK which
relates to the downlink transmission, thus it is expected to be
received by Macro base station; while PUCCH format 1 may
be used for transmission of the scheduling request (D-SR)
which relates to the uplink transmission, thus it is expected to
be received by the Pico base station.

[0023] There are two methods for a UE to trigger an UL
transmission, D-SR and UE initiated RA-SR. In decoupled
DL-UL scenario, D-SR and RA-SR are to be received by Pico
base station while HARQ-ACK/NACK is to be received by
Macro base station. According to one embodiment of the
invention, a Scheduling Request (SR) transmission method is
implemented in the heterogeneous network. The heteroge-
neous network comprises at least two cells in charge of down-
link and uplink transmission separately. The two cells may be
connected with any backhaul (regardless of small latency or
long latency). The method in the embodiment may include,
first, determining if a positive Data Scheduling Request,
D-SR, is to be transmitted in a current D-SR’s subframe
together with HARQ-ACK/NACK on PUCCH using
PUCCH format 1a/1b/3. If the determination is yes, i.e., the
positive D-SR is to be transmitted with HARQ-ACK/NACK
in the same subframe, transmitting HARQ-ACK/NACK in
the current D-SR’s subframe on PUCCH together with a
negative D-SR using PUCCH format 1/1a/1b or format 3, and
a Scheduling Request (SR) is postponed to transmit in the
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next SR’s subframe, in order to avoid collision caused by the
positive D-SR and HARQ-ACK/NACK transmitted in a
single subframe.

[0024] This may achieve the following advantages, since
D-SR is postponed to the next D-SR’s transmission period to
transmit, the possible collide with HARQ-ACK/NACK is
eliminated, thus the D-SR can be correctly detected by Pico
base station and the interference caused by a large power
transmitted to Macro base station using PUCCH format 1a/1b
can be reduced in Pico cell in decoupled DL-UL scenario.
Further, since Macro base station and Pico base station may
detect correctly the signals useful for separate downlink and
uplink communication respectively, and Macro base station
and Pico base station do not rely closely on the in-time com-
munication between themselves, any kinds of backhaul con-
nected between Macro base station and Pico base station can
be supported.

[0025] Preferably, transmitting a Scheduling Request, SR,
in the next SR’s subframe may at least include, postponing
the positive Data Scheduling Request, D-SR transmission to
the next D-SR’s subframe on PUCCH; or transmitting a
RACH scheduling request, RA-SR, in the next RA-SR’s sub-
frame instead.

[0026] The two approaches to trigger the UL transmission
may be selected flexibly based on the delay that may be
caused by finding the next opportunity to send the scheduling
request without collision. Alternatively, transmission of a
RACH scheduling request may be initiated actively by UE if
a certain period of delay time (e.g., 100 ms) has lapsed since
the current D-SR’s subframe is transmitted.

[0027] FIG. 3 illustrates an exemplary schematic diagram
of'a SR transmission procedure for a decoupled DL-UL sce-
nario in heterogeneous networks according to an embodiment
of the invention.

[0028] The SR transmission procedure can be implemented
in UE and other equivalent devices. The implementation of
the embodiment may be divided into the following scenarios.

[0029] Inone case (forexample, a normal case), when there
is no positive D-SR and HARQ ACK/NACK colliding in the
same subframe, UE would follow the following manner.

[0030] Ifonly positive/negative D-SR is transmitted in one
subframe (for example, a D-SR’s subframe), there is no
HARQ-ACK/NACK multiplexed with D-SR in the subframe,
UE may transmit D-SR using PUCCH format 1. Since the
target receiver is Pico base station, UE may transmit the
D-SR’s subframe with low transmission power to save power
and reduce interference to normal UEs in Pico base station. In
this case, Pico base station receiver may detect D-SR cor-
rectly.

[0031] Or, if a negative D-SR and HARQ-ACK coincides
in the same subframe, PUCCH format 1a/1b is used to trans-
mit HARQ-ACK using its own resource with high transmis-
sion power when 1 or 2-bit HARQ-ACK are transmitted and
negative D-SR is transmitted using PUCCH format 1; or
HARQ-ACK and negative D-SR are jointly encoded and
transmitted to Macro base station when PUCCH format 3 is
used. In this way, since negative D-SR is transmitted which
means no data is to be transmitted by UE, Pico base station
does not need to detect the D-SR. This will not bring any
adverse effects to the UL transmission.

[0032] In another case (for example, a target case), when
there is positive D-SR and HARQ-ACK colliding in the same
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subframe (for example, a D-SR’s subframe), UE would post-
pone the D-SR transmission to avoid DSR and HARQ ACK/
NACK colliding.

[0033] In particular, if PUCCH format la/lb is used,
HARQ-ACK/NACK will be transmitted on its own PUCCH
resource in the current D-SR’s subframe with a high trans-
mission power to reach Macro base station and negative D-SR
will be transmitted using PUCCH format 1 with a low trans-
mission power to reach Pico base station. Then HARQ-ACK/
NACK may be correctly detected on PUCCH format 1a/1b’s
resource by Macro base station, and Pico base station can
only detect a negative D-SR.

[0034] If PUCCH format 3 is used, HARQ-ACK is
encoded with a negative D-SR and transmitted to reach
Macro base station with high transmission power. Then
HARQ-ACK/NACK may be correctly detected on PUCCH
format 3’s resource by Macro base station, and Pico base
station can only detect a negative D-SR in D-SR’s resource.
[0035] After the transmission of the current D-SR’s sub-
frame, the UE would look for an available SR opportunity to
send the Scheduling Request to Pico base station, via either
scheme a) or b) below.

[0036] According to scheme a), the UE would look for
another D-SR opportunity where there is no such HARQ
ACK/NACK colliding, i.e., find another D-SR’s subframe
subsequent to the current D-SR’s subframe but no collision
with HARQ ACK/NACK. When it is found, positive D-SR
would be transmitted using a low transmission power to reach
Pico base station side, which would then start UL scheduling.
[0037] According to scheme b), the UE would look for a
RA-SR opportunity where there is no such HARQ ACK/
NACK Transmission on PUCCH, i.e., find a RA-SR sub-
frame subsequent to the current D-SR’s subframe but no
collision with HARQ ACK/NACK. So that the UE can starta
RACH procedure as a RA-SR to Pico base station, which
would also start UL scheduling. It is to be noted that HARQ
ACK/NACK would still prevent the RACH attempts, i.e., the
UE would continue to postpone the transmission of the
Scheduling Request. However, if there is a Channel Quality
Indication (CQI) report on PUCCH, it would be dropped to
allow RA-SR to be transmitted instead. This follows the prin-
ciple of conventional PUCCH ACK/NACK (A/N), D-SR,
CQI colliding solution.

[0038] Briefly, itis proposed that D-SR is not transmitted in
the current subframe when colliding with HARQ ACK/
NACK, but is postponed to the next D-SR’s subframe without
HARQ-ACK or RA-SR is transmitted to trigger an UL trans-
mission.

[0039] The selection of scheme a) or b) may depend on
different aspects and may be controlled by the network:
[0040] (1) In terms of delay, e.g., whether to use scheme a)
or b) depends on which one is available earlier in time, i.e.,
when there is a D-SR opportunity or RA-SR available;
[0041] (2) Interms of resource and/or power consumption,
e.g., scheme a) would be preferred since the RACH procedure
would consume more resource and/or power.

[0042] Inthe embodiment, SR can be correctly detected in
Pico base station and the interference to the SR detection of
other UEs in Pico cell can be reduced in decoupled DL-UL
scenario. Also, with this solution, uplink and downlink of UE
is implemented by Macro base station and Pico base station
separately which can thus support any kinds of backhaul
between Macro base station and Pico base station.
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[0043] FIG. 4 illustrates an exemplary schematic diagram
of' a SR transmission apparatus 20 for a decoupled DL-UL
scenario in heterogeneous network according to an embodi-
ment of the invention.

[0044] The Scheduling Request transmission apparatus 20
may be implemented in a User Equipment, for example, a
user mobile or other portable devices with capability of wire-
less communication. The apparatus may be operated in a
decoupled downlink-uplink scenario in heterogeneous net-
work. The apparatus 20 may include a determining module 21
and a transmitting module 22. The determining module 21
may be configured to detect (or determine) if there is a posi-
tive Data Scheduling Request, D-SR, and HARQ ACK/
NACK colliding in the same subframe (for example, the
current D-SR’s subframe); if the collision is detected, the
transmitting module 22 is instructed to transmit the HARQ-
ACK/NACK in the current D-SR’s subframe on PUCCH
using PUCCH format 1a/1b/3 together with a negative D-SR,
but postpone to transmit a Scheduling Request, SR, in the
next D-SR’s subframe (dedicated for transmission of D-SR
signal) on PUCCH to avoid the collision occurred between
the positive D-SR and HARQ-ACK/NACK(i.e., to be trans-
mitted in a single subframe). The transmission of SR sepa-
rated from HARQ ACK/NACK may be implemented using
PUCCH format 1 with low transmission power to reach Pico
base station, thus no interference from transmission of HARQ
ACK/NACK will occur.

[0045] As an example, transmission of a Scheduling
Request, SR, in the next subframe may include transmission
of'a positive D-SR or UE-initiated RA-SR. The transmitting
module 22 may be further configured to postpone the positive
D-SR transmission to the next D-SR’s subframe on PUCCH,
or to transmit a RACH scheduling request (RA-SR) in a
RA-SR’s subframe (subsequent to the current D-SR’s sub-
frame) instead. Preferably, whether the positive D-SR or the
RA-SR will be sent may depend on the delay caused by
searching for an available (i.e., no collision with HARQ-
ACK/NACK inthe same SR’s subframe) D-SR’s subframe or
RA-SR’s subframe without HARQ-ACK/NACK collision, or
resource and/or power consumption may also be considered
to make a decision. This can reduce the time to trigger UL
transmission or optimize the usage of resource and/or save
power.

[0046] As an example, when a collision between HARQ
ACK/NACK and positive D-SR may occur in the same sub-
frame (for example, the current D-SR’s subframe), the trans-
mitting module 22 may transmit first the HARQ-ACK/NACK
on its own PUCCH resource in the current D-SR’s subframe
together with a negative D-SR (instead of the positive D-SR
signal). The HARQ-ACK/NACK is transmitted with a high
transmission power in order to reach Macro base station (for
example, the base station in charge of downlink transmission)
if PUCCH format 1a/1b is used. The negative D-SR is trans-
mitted using format 1 with a low transmission power in order
to reach Pico base station (for example, the base station in
charge of uplink transmission). Alternatively, if PUCCH for-
mat 3 is used, the transmitting module 22 may first encode
jointly and transmit the HARQ-ACK/NACK in the current
subframe with the negative D-SR using a high transmission
power so as to reach Macro base station. In this way, Macro
base station may correctly detect the signals related to the
downlink transmission, and Pico base station can only detect
a negative D-SR.
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[0047] As an example, the transmitting module may send
separately the positive D-SR in the next D-SR’s subframe or
the RA-SR in the RA-SR’s subframe (subsequent to the cur-
rent D-SR’s subframe) with a low transmission power so that
it can be detected in Pico base station (not in Macro base
station). Since no interference from the transmission of
HARQ-ACK/NACK, the scheduling request can be detected
correctly and UL transmission will be triggered as desired.
[0048] According to an embodiment of the invention, the
determining module 21 in the apparatus 20 may further deter-
mine if only a Data Scheduling Request, D-SR, is to be
transmitted in the current D-SR’s subframe. Ifitis true, it will
instruct the transmitting module 22 to transmit the D-SR in
the current subframe using PUCCH format 1.

[0049] According to another embodiment of the invention,
the determining module 21 in the apparatus 20 may further
determine if a negative D-SR is to be transmitted in the
current D-SR’s subframe together with HARQ-ACK/NACK
on PUCCH using PUCCH format 1a/1b/3. If it is true, it will
instruct the transmitting module 22 to transmit the HARQ-
ACK/NACK and the negative D-SR in the same current sub-
frame using PUCCH format 1/1a/1b or format 3.

[0050] According to the embodiments of the invention, fol-
lowing advantages may be achieved, for example, the Sched-
uling Request (SR) of UE can be correctly detected by the
Pico base station and the interference to the Pico cell caused
by the PUCCH transmitted to the Macro cell can be reduced
in the decoupled DL-UL scenario. Further, any kinds of back-
haul can be supported.

[0051] It will be appreciated that the above description for
clarity has described the embodiments of the invention with
reference to different functional units and processors. How-
ever, it will be apparent that any suitable distribution of func-
tionality between different functional units or processors may
be used without detracting from the invention. For example,
functionality illustrated to be performed by separate proces-
sors or controllers may be performed by the same processor or
controllers. Hence, references to specific functional units are
only to be seen as references to suitable means for providing
the described functionality rather than indicative of a strict
logical or physical structure or organization.

[0052] The elements and components of an embodiment of
the invention may be physically, functionally and logically
implemented in any suitable way. Indeed the functionality
may be implemented in a single unit, in a plurality of units or
as part of other functional units. As such, the invention may be
implemented in a single unit or may be physically and func-
tionally distributed between different units and processors.
[0053] Furthermore, although individual features may be
included in different claims, these may possibly be advanta-
geously combined, and the inclusion in different claims does
not imply that a combination of features is not feasible and/or
advantageous. Also the inclusion of a feature in one category
of claims does not imply a limitation to this category but
rather indicates that the feature is equally applicable to other
claim categories as appropriate.

[0054] Furthermore, the order of features in the claims do
not imply any specific order in which the features must be
worked and in particular the order of individual steps in a
method claim does not imply that the steps must be performed
in this order. Rather, the steps may be performed in any
suitable order. Reference signs in the claims are provided
merely as a clarifying example shall not be construed as
limiting the scope of the claims in any way.
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[0055] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
limit to the invention. As used herein, the singular forms “a”,
“an” and “the” are intended to comprise the plural forms as
well, unless otherwise stated. It will be further understood
that the terms “including”, “comprising” and conjugation
thereof when used herein, specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0056] Although the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without
departing from the spirit and scope of the invention as defined
by the appended claims. The exemplary embodiments should
be considered in descriptive sense only and not for purposes
of limitation. Therefore, the scope of the invention is defined
not by the detailed description of the invention but by the
appended claims.

1. A Scheduling Request transmission method for
decoupled downlink-uplink in heterogeneous network,
where the heterogeneous network comprises at least two cells
in charge of downlink and uplink transmission separately and
connected with any backhaul, the method comprising:

determining a positive Data Scheduling Request, D-SR, is

to be transmitted in a current D-SR’s subframe together
with HARQ-ACK/NACK on PUCCH using PUCCH
format 1a/1b/3;
transmitting HARQ-ACK/NACK in the current D-SR’s
subframe on PUCCH together with a negative D-SR
using PUCCH format 1/1a/1b or format 3 while trans-
mitting a Scheduling Request, SR, in a next SR’s sub-
frame subsequent to the current D-SR’s subframe.
2. The method of claim 1, further comprises:
transmitting the HARQ-ACK/NACK in the current DR’s
subframe on PUCCH together with the negative D-SR
using PUCCH format 1/1a/1b or format 3 while post-
poning the positive Data Scheduling Request, D-SR
transmission to the next D-SR’s subframe subsequent to
the current D-SR’s subframe on PUCCH or transmitting
a RACH scheduling request, RA-SR, in a next RA-SR’s
subframe subsequent to the current D-SR’s subframe
instead.
3. The method of claim 1, further comprises:
transmitting, with a high transmission power, HARQ-
ACK/NACK on its own PUCCH resource in the current
D-SR’s subframe to reach the base station in charge of
downlink transmission together with the negative D-SR
using format 1, with a low transmission power, to reach
the base station in charge of uplink transmission, if
PUCCH format 1a/1b is used; or

jointly encoding and transmitting, with a high transmission
power, the HARQ-ACK/NACK and negative D-SR in
the current subframe to reach the base station in charge
of downlink transmission, if PUCCH format 3 is used.

4. The method of claim 1, further comprising:

sending, with a low transmission power, the positive D-SR

in the next D-SR’s subframe or the RA-SR in the next
RA-SR’s subframe without HARQ-ACK/NACK trans-
mission to reach the base station in charge of uplink
transmission.
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5. The method of claim 4, further comprising:

determining whether the positive D-SR or the RA-SR is
sent in terms of delay caused by searching for an avail-
able D-SR’s subframe or RA-SR’s subframe without
HARQ-ACK/NACK transmitted concurrently and/or in
terms of resource and/or power consumption.

6. The method of claim 1, comprising:

determining only a Data Scheduling Request, D-SR, is to
be transmitted without HARQ-ACK/NACK on PUCCH
using PUCCH format 1a/1b/3, and

transmitting the D-SR ina D-SR’s subframe using PUCCH
format 1.

7. The method of claim 1, comprising:

determining a negative D-SR is to be transmitted in the
current D-SR’s subframe together with HARQ-ACK/
NACK on PUCCH using PUCCH format 1a/1b/3, and

transmitting HARQ-ACK/NACK and the negative D-SR
in the same current D-SR’s subframe using PUCCH
format 1/1a/1b or format 3.

8. A Scheduling Request transmission apparatus for
decoupled downlink-uplink in heterogeneous network,
where the heterogeneous network comprises at least two cells
in charge of downlink and uplink transmission separately and
connected with any backhaul, the apparatus comprising:

a determining module for determining a positive Data
Scheduling Request, D-SR, is to be transmitted in a
current D-SR’s subframe together with HARQ-ACK/
NACK on PUCCH using PUCCH format 1a/1b/3;

a transmitting module for transmitting a HARQ-ACK/
NACK together with a negative D-SR in the current
D-SR’s subframe on PUCCH using PUCCH format
1/1a/1b or format 3, while transmitting a Scheduling
Request, SR, in a next SR’s subframe subsequent to the
current D-SR’s subframe.

9. The apparatus of claim 8, wherein the transmitting mod-

ule is further configured for:

transmitting the HARQ-ACK/NACK in the current
D-SR’s subframe on PUCCH together with the negative
D-SR using PUCCH format 1/1a/1b or format 3 while
postponing the positive Data Scheduling Request, D-SR
transmission to a next D-SR’s subframe subsequent to
the current D-SR’s subframe on PUCCH or transmitting
a RACH scheduling request, RA-SR, in a next RA-SR’s
subframe subsequent to the current D-SR’s subframe
instead.

10. The apparatus of claim 8, wherein the transmitting

module (22) is further configured for:

transmitting, with a high transmission power, the HARQ-
ACK/NACK on its own PUCCH resource in the current
subframe to reach the base station in charge of downlink
transmission together with the negative D-SR using for-
mat 1, with a low transmission power, to reach the base
station in charge of uplink transmission, if PUCCH for-
mat 1a/1b is used; or

jointly encoding and transmitting, with a high transmission
power, the HARQ-ACK/NACK and the negative D-SR
in the current subframe to reach the base station in
charge of downlink transmission, if PUCCH format 3 is
used.

11. The apparatus of claim 8, wherein the transmitting
module is further configured for sending, with a low trans-
mission power, the positive D-SR in the next D-SR’s sub-
frame or the RA-SR in the next RA-SR’s subframe without
HARQ-ACK/NACK transmission to reach the base station in
charge of uplink transmission.
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12. The apparatus of claim 11, wherein the determining
module is further configured for determining whether the
positive D-SR or the RA-SR is sent in terms of delay caused
by searching for an available D-SR’s subframe or RA-SR’s
subframe without HARQ-ACK/NACK transmitted concur-
rently and/or in terms of resource and/or power consumption.

13. The apparatus of claim 8, wherein:

the determining module is further configured for determin-

ing only a Data Scheduling Request, D-SR, is to be
transmitted without HARQ-ACK/NACK on PUCCH
using PUCCH format 1a/1b/3, and

the transmitting module is further configured for transmit-

ting the D-SR in a D-SR’s subframe using PUCCH
format 1 based on the determination.

14. The apparatus of claim 8, wherein:

the determining module is further configured for determin-
ing a negative D-SR is to be transmitted in the current
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D-SR’s subframe together with HARQ-ACK/NACK on
PUCCH using PUCCH format 1a/1b/3, and

the transmitting module is further configured for transmit-
ting HARQ-ACK/NACK and the negative D-SR in the
same current D-SR’s subframe using PUCCH format
1/1a/1b, or format 3 based on the determination.

15. User equipment comprising the apparatus according to
claim 8.

16. A computer program product comprising a set of com-
puter executable instructions stored on a computer readable
medium, configured to implement the method according to
claim 1.

17. A computer-readable medium having stored thereon a
computer program product comprising a set of computer
executable instructions which when executed by a processor
in a computing device, causes the computing device to imple-
ment the method according to claim 1.
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