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reports on the received data. The data receiving party then
sends feedback information on the selected feedback
resource to the data sending party, thereby conveying the
corresponding feedback information code. In this way, mul-
tiple feedback reports can be conveyed in a single feedback
resource to the data sending party while still retaining single
carrier properties.
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1
METHOD FOR IMPLICIT CONVEYING OF
UPLINK FEEDBACK INFORMATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application is for reissue of U.S. Pat. No. 8,605,607
which issued on Dec. 10, 2013, and is a continuation of U.S.
patent application Ser. No. 14/963,811, filed on Dec. 9,
2015, which is also an application for reissue of U.S. Pat.
No. 8,605,607, with U.S. Pat. No. 8,605,607 issuing from
U.S. patent application Ser. No. 12/595,108 filed on Oct. 8,
2009, which is a national stage application of PCT/SE2008/
050387, filed on Apr. 3, 2008, which claims priority to
foreign application SE 0700903.8 filed on Apr. 11, 2007, the
disclosures of each of which are incorporated herein by
reference in their entirety.

TECHNICAL FIELD

The present invention relates generally to a method and
apparatus for optimising wireless transmissions in a tele-
communication system requiring feedback reports for
received data.

BACKGROUND

In 3GPP (3¢ Generation Partnership Project), the cellular
packet-switched communication systems HSPA (High
Speed Packet Access) and LTE (Long Term Evolution) have
been specified for radio transmission of data packets
between user terminals and base stations in a cellular/mobile
network. Transmissions from the base station to the user
terminal is referred to as “downlink” and transmissions in
the opposite direction is referred to as “uplink”. In the
following description, “terminal” is used to generally rep-
resent any user equipment, commonly referred to as “UE” in
the above systems, that is capable of wireless communica-
tion, e.g. with base stations in a cellular/mobile network.

There are two basic modes of operation available for
wireless transmissions: FDD (Frequency Division Duplex)
and TDD (Time Division Duplex). In FDD, downlink and
uplink transmissions are made at separate frequency bands,
such that packets can be transmitted in the downlink and
uplink at the same time without mutual interference. In
TDD, on the other hand, downlink and uplink transmissions
are made on the same frequency band and must therefore be
separated in time to avoid interference.

The TDD operation mode is flexible in that the duration
of downlink and uplink transmissions can be configured
depending on the traffic intensity in the respective downlink
and uplink directions, thus allowing for connections with
asymmetric transmission schemes. For downlink intensive
connections, the downlink time period may thus be config-
ured greater than the uplink time period, and vice versa for
uplink intensive connections.

For LTE, a new physical layer is currently being stan-
dardized in 3GPP that is based on OFDM (Orthogonal
Frequency Division Multiplexing) in the downlink and
SC-FDMA (Single Carrier Frequency Division Multiple
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Access) in the uplink. The new physical layer shall support
both FDD and TDD operation, and there should be a high
degree of commonality between these two modes of opera-
tion. The SC-FDMA properties in the uplink require that any
data transmitted from each terminal basically maintains
single carrier properties.

The transmissions in both FDD and TDD operation are
generally scheduled in radio frames, and each radio frame is
typically divided into multiple sub-frames. In the following
description, the term “sub-frame” is used to generally rep-
resent a predefined transmission time interval “TTI” in
which a portion of information can be transmitted as a “data
block™, although not limited to any particular standard or
duration. A data packet can be sent in any number of
sub-frames depending on the packet size and the sub-frame
length. LTE prescribes that one data packet is typically
accommodated in a single sub-frame. A sub-frame can
generally contain one or more data blocks, in LTE also
called “transport blocks”. Currently, LTE allows for two
transport blocks per terminal in a single downlink sub-
frame.

In LTE, the predefined radio frame is 10 ms (millisec-
onds), which is divided into ten predefined sub-frames of 1
ms each. In the FDD mode, where packets can be transmit-
ted in the downlink and uplink simultaneously, there are 10
downlink sub-frames “DL” and 10 uplink sub-frames “UL”
available during one radio frame on separate frequency
bands F, and F,, respectively, as illustrated schematically in
FIG. 1a. In the TDD mode, there are in total 10 downlink
and uplink sub-frames available during one radio frame,
which can thus be transmitted only one at a time on a
common frequency band F.

As mentioned above, downlink and uplink transmissions
can be configured in TDD depending on the traffic demands
in either direction. For example, the downlink/uplink allo-
cation can be configured to 8 downlink sub-frames and 2
uplink sub-frames during one radio frame on the same
frequency band F, as illustrated schematically in FIG. 1b.
Another possible configuration could be 5 DL:5 UL sub-
frames, and yet another configuration could be 2 DL:8 UL
sub-frames. The alternation pattern of downlink/uplink sub-
frames can also be configured optionally. For example, the
downlink/uplink sub-frame pattern in FIG. 1b could be
modified into 8 successive downlink sub-frames followed by
2 uplink sub-frames.

A single base station may transmit data packets in sub-
frames on the downlink to one or more terminals, and the
terminals transmit data packets in sub-frames on the uplink
to the base station. The transmission in either direction is
typically subjected to various disturbances, including propa-
gation fading and interference from reflections and other
transmissions, such that errors may have been introduced in
the data packets when received. Thus, the channel between
a base station and a terminal is often referred to as a “lossy”
channel. Errors may also arise due to a poor receiver and/or
antenna.

When receiving a packet with data in a sub-frame, the
receiver in the terminal or in the base station is configured
to check as to whether any errors are present in the received
packet. A common method of detecting errors involves
calculation of a check-sum or the like, which is well-known
in the art. To enable correction of such errors, the data
sending party must retransmit any erroneously received
packet, unless some error correction mechanism can be
applied successfully at the data receiving party. Therefore,
the receiving party is typically obliged to send a feedback
report to the data sending party for each received packet or
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sub-frame, indicating if the packet was basically received
correctly, i.e. without errors, or not.

If the packet was received correctly, the data receiving
party sends an acknowledgment “ACK?”, and if the packet
contains errors, it sends a negative acknowledgement
“NACK”. Although the terms ACK and NACK are fre-
quently used in this description, any equivalent or similar
messages may be used for feedback reports and the present
invention is not limited in this respect. “Feedback report” is
used in the following as a generic term for such ACK/NACK
messages and their equivalents.

Both HSPA and LTE employ a HARQ (Hybrid Automatic
Repeat ReQuest) protocol in their respective MAC (Medium
Access Control) layers. The basic functionality of the pro-
cesses defined in the HARQ protocol is to correct any
erroneously received packets by means of retransmission
based on the above-described feedback reporting mecha-
nism. In this context, a feedback report is sometimes called
“HARQ status report™.

For example, the data receiving party can simply discard
an erroneously received packet. In more advanced solutions,
the receiving party stores the signal representing the erro-
neously received packet in a buffer and combines this stored
information with the retransmission. This is often referred to
as “HARQ with soft combining” which can be used to
increase the probability of correctly decoding the transmit-
ted packet. In HARQ with soft combining, the pattern of
coded bits in a particular packet may differ between trans-
mission and retransmission, although they must obviously
represent the same information.

The HARQ process is used to associate a potential
retransmission to its original transmission in order to enable
the soft combining at the data receiving party. When the
receiving party has reported correct reception of data sent on
a HARQ process, that data can be used to transmit new data.
Consequently, before the reception of a HARQ status report
from the receiving party, the data sending party does not
know whether it should transmit new data or retransmit the
“old data”. In the meantime, the sending party therefore
“stops and waits” until the result of the transmission is
reported. In order to still be able to utilize the link during
these waiting periods, multiple parallel HARQ processes
can be applied which allows for continuous transmission.

For example, when a packet is transmitted on the down-
link, the receiving terminal checks for errors in the packet
and sends a feedback report to the base station. If the base
station then detects a NACK, it will retransmit the informa-
tion in the packet. This mechanism can also be used for
packets sent on the uplink. In LTE, the feedback required for
HARQ with soft combining is conveyed by a single bit
indicating either ACK or NACK. The timing relation
between the packet transmission from the sending party and
the feedback report transmission from the receiving party is
typically used to indicate which packet the feedback report
relates to.

In FDD, the number of available sub-frames is equal in
the downlink and the uplink, as shown in FIG. 1a. Conse-
quently, it is possible to send a feedback report for a data
block received in one downlink sub-frame in a given uplink
sub-frame according to a “one-to-one relation”, using a fixed
time interval between reception and feedback. Thereby, the
data sending party can derive which HARQ process a
received feedback report refers to, based on which sub-
frame the report was received in. In TDD, on the other hand,
data blocks in multiple sub-frames may be received on the
downlink before it is possible to send corresponding feed-
back reports, or ACK/NACKSs, on the uplink, such as when
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the number of allocated downlink sub-frames is greater than
the number of allocated uplink sub-frames.

In the allocation example of FIG. 2, there are 8 downlink
sub-frames but only 2 uplink sub-frames available. Hence,
feedback reports for the 8 downlink sub-frames must be
transmitted in the 2 uplink sub-frames. Depending on how
many users that have been scheduled in the downlink
sub-frames, the number of feedback reports that need to be
transmitted may increase by a factor 4. Furthermore, if a
single terminal has been scheduled to receive data in all
available downlink sub-frames, that terminal will need to
transmit feedback reports for multiple data blocks received
in a plurality of downlink sub-frames during a single uplink
sub-frame. Still further, more than one data or transport
block may be accommodated in a single received sub-frame,
e.g. relating to one or more different sessions or media
streams on a higher level, where each data block needs a
separate feedback report such that the number of necessary
feedback reports may increase even more.

In TDD, the above-described report mechanism with a
fixed time interval cannot generally be used, since the
feedback report for a received sub-frame cannot be trans-
mitted a fixed time interval after receiving the sub-frame if
the corresponding sub-frame is not available for transmis-
sion from the data receiving party. Consequently, the feed-
back report for data in that received sub-frame must be
delayed at least to the first sub-frame available for trans-
mission. Moreover, the data receiving party typically
requires a certain delay after receiving a sub-frame, for
processing the data therein and to determine if it was
received correctly or not, before a feedback report can be
sent for that sub-frame. For example, if the receiver needs a
delay of at least 1 sub-frame for processing, a received
sub-frame k cannot be reported until sub-frame k+2 or later.

A straightforward and obvious solution is to send a
feedback report for a received sub-frame in the first avail-
able sub-frame after a minimum delay period needed for
processing. Hence, if one or more sub-frames after the delay
period are allocated for reception, the feedback report is
further delayed until the first sub-frame available for trans-
mission occurs. As a result, a plurality of feedback reports
must typically be sent in the same sub-frame. This is
particularly a problem when it is desirable to reduce the
number of such reports in a single sub-frame.

In LTE, each sub-frame typically includes two slots, each
slot in turn consisting of a plurality of OFDM-symbols. In
the frequency domain, each OFDM-symbol can be seen as
a set of sub-carriers. The sub-carrier spacing is typically 15
kHz and the number of sub-carriers in the set depends on the
bandwidth of the frequency carrier. Further, the sub-carriers
are divided into groups of multiple adjacent sub-carriers,
e.g. 12 sub-carriers. Each group of sub-carriers in a slot is
generally referred to as a “Resource Block™. Within a
sub-frame, these resource blocks are arranged as resource
block pairs in which information can be conveyed.

As explained above, if a terminal has been scheduled data
packets in multiple downlink sub-frames, the terminal is
typically required to transmit multiple feedback reports in a
single uplink sub-frame. However, single carrier properties
must be retained in uplink transmissions according to LTE.
As a result, a terminal cannot transmit in more than one
resource block and still transmit a single carrier signal, since
the corresponding sub-carriers are not in contiguous spec-
trum, i.e. adjacent frequencies.

Further, if the terminal would transmit multiple feedback
reports within a single resource block, the combined signal
would typically still not retain its single carrier property as
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the feedback reports must be transmitted with different
CDM (Code Division Multiplexing) code sequences within
the resource block, thereby being uncorrelated. In other
words, it is typically only possible for a terminal to transmit
one feedback report at a time and still maintain the single-
carrier properties.

It BPSK (Binary Phase Shift Keying) modulation is used,
one bit, i.e. 1 or 0, is conveyed per symbol and the terminal
can therefore transmit one feedback report in an uplink
sub-frame. By using QPSK (Quadrature Phase Shift Keying)
modulation, it is possible for the terminal to convey two
feedback reports in an uplink sub-frame, as QPSK allows for
two bits per symbol. Even higher modulation schemes, e.g.
16QPSK allowing 4 bits per symbol, are deemed too sen-
sitive to signal disturbances generally resulting in unaccept-
able error rates. Increasing the modulation order will gen-
erally decrease the robustness of the feedback reports, and it
is important that the feedback reports are detected correctly
with a relatively high probability. The error probability is
preferably in the order of 107 to 10~*. Therefore, a higher
modulation order than QPSK is not an attractive solution to
the problem of reporting multiple feedback reports during a
single uplink sub-frame.

However, when a transmission allocation of 8 DL:2 UL
sub-frames is used, a terminal that has been scheduled in all
downlink sub-frames would need to send at least four
feedback reports in an uplink sub-frame. Thus, only two
possible feedback reports when using QPSK according to
the above are clearly not sufficient. Furthermore, a terminal
may receive two data blocks, e.g. MAC PDUs (Packet Data
Units), in a single downlink sub-frame, each data block
requiring a feedback report. In this case, the terminal would
need to send twice as many feedback reports in each uplink
sub-frame, making the limitation of sending only two feed-
back reports while retaining single carrier properties even
more significant.

A potential consequence of the limitations above could be
that it is not possible to transmit data to a single terminal in
all downlink sub-frames, which would “artificially” limit the
DL capacity by the lack of feedback opportunities.

SUMMARY

Teachings presented herein advantageously enable a data
receiving party to transmit plural feedback reports in a single
sub-frame to a data sending party, without losing the single
carrier properties of the transmitted subframe.

According to some aspects, a method and apparatus are
provided in a data receiving party for conveying feedback
reports for data received from a data sending party in a
wireless connection. A resource obtaining unit (or circuit) at
the data receiving party obtains allocation information about
a plurality of feedback resources available for transmitting
feedback reports, the feedback resources being associated
with different feedback information codes that the data
receiving party can use to convey implicit feedback infor-
mation on received data. A selecting unit (or circuit) selects
a feedback resource from the obtained feedback resources,
which is assigned to a feedback information code that
corresponds to one or more feedback reports on the received
data, and a sending unit (or circuit) then sends feedback
information on the selected feedback resource to the data
sending party.

In various embodiments, explicit feedback information is
sent on the selected feedback resource and the selected
feedback resource indicates further implicit feedback infor-
mation. QPSK modulation can then be used to convey two

10

15

20

25

30

35

40

45

50

55

60

65

6

bits of explicit feedback information and the feedback
resource selection could be used to convey at least one
further bit of implicit feedback information, thereby forming
a combined codeword with the two bits of explicit feedback
information and at least one further bit of implicit feedback
information. Each bit in the formed codeword may relate to
a specific sub-frame of received data.

In other embodiments, the resource obtaining unit can
obtain the resource allocation information in a control
message during a cell selection or handover procedure, or as
given by a downlink scheduling assignment for the terminal
or by which resources the data is transmitted on from the
network node.

According to some further aspects, a method and appa-
ratus are provided in a network node for obtaining feedback
reports from a terminal for data transmitted to the terminal
from the network node in a wireless connection. A resource
providing unit (or circuit) in the network node provides
allocation information to the terminal about a plurality of
feedback resources available for transmitting feedback
information, the feedback resources being associated with
different feedback information codes that the terminal can
use to convey implicit feedback information on received
data. A receiving unit (or circuit) then receives feedback
information on the transmitted data from the terminal on a
feedback resource selected by the terminal. Thereby, a
detecting unit (or circuit) can detect one or more feedback
reports based on the feedback information code assigned to
the selected feedback resource.

In various further embodiments, the receiving unit can
receive explicit feedback information on the selected feed-
back resource where the selected feedback resource indi-
cates further implicit feedback information. The receiving
unit can further detect which feedback resource the terminal
transmits the feedback information on by detecting a
received signal strength and determining if the received
signal strength is strong enough to be distinguished from
noise and/or interference. The feedback resource can also be
detected by comparing the received signal strength on all
allocated feedback resources and selecting the feedback
resource with highest signal strength and/or SINR [(Signal-
Noise Ratio)] (Signal-to-Interference-plus-Noise Ratio).

In other embodiments, the resource providing unit can
send resource allocation information to the terminal in a
control message during a cell selection or handover proce-
dure. The resource allocation information can also be pro-
vided as given by a downlink scheduling assignment for the
terminal or by which resources the data is transmitted on
from the network node.

Further possible features and benefits of the present
invention will be explained in the detailed description below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explained in more detail by
means of exemplary embodiments and with reference to the
accompanying drawings, in which:

FIG. 1a is a diagram illustrating a wireless FDD trans-
mission scheme, according to the prior art.

FIG. 1b is a diagram illustrating a wireless TDD trans-
mission scheme, according to the prior art.

FIG. 2 is a diagram illustrating a package of resource
blocks in multiple sub-carriers in a sub-frame, which can be
used for the present invention.
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FIG. 3 is a block diagram illustrating how feedback
reports for received data can be conveyed from a data
receiving party to a data sending party, in accordance with
one embodiment.

FIG. 4 is a flow chart illustrating a procedure in a data
receiving party of sending feedback reports to a data sending
party, in accordance with yet another embodiment.

FIG. 5 is a flow chart illustrating a procedure in a network
node, such as a base station, of receiving feedback reports
from a data receiving party, in accordance with yet another
embodiment.

FIG. 6 is a block diagram illustrating a terminal acting as
a data receiving party and a network node acting as a data
sending party, in accordance with yet another embodiment.

DETAILED DESCRIPTION

Briefly described, a data receiving party transmitting
explicit feedback information to a data sending party can
convey further implicit feedback information by transmit-
ting the explicit feedback information on a selected feedback
resource, out of a plurality of available feedback resources.
The available feedback resources may be different resource
blocks that are allocated for conveying feedback informa-
tion. Each available feedback resource is assigned a code of
feedback information comprising at least one information
bit, such that the actual selection of feedback resource
implies said code of feedback information. The information
bit(s) in the code of feedback information thus indicates in
a predetermined manner whether data has been received
successfully or not, i.e. ACK or NACK.

For example, if 2 feedback resources are available for
selection in a sub-frame allocated for transmission, referred
to as a TX sub-frame, each feedback resource can imply one
information bit: e.g. 1 indicating ACK or O indicating
NACK, such that one received sub-frame with data can be
reported as implicit feedback information by the feedback
resource selection. In another example, 4 feedback resources
are available for selection in a TX sub-frame and each
feedback resource can imply a pair of information bits: 0/0,
1/0, 0/1 and 1/1, respectively, such that two received sub-
frames can be reported as implicit feedback information by
feedback resource selection, and so forth.

The present invention can be used for enabling plural
feedback reports in a single sub-frame transmitted from a
data receiving party having received data in multiple sub-
frames from a data sending party, without losing the single
carrier properties. As explained above, it may be necessary
to transmit plural feedback reports in a single sub-frame
when using an asymmetric TDD transmission scheme and/or
multiple streams/sessions in a single sub-frame.

The skilled person will understand that the following
embodiments can also be applied in an FDD transmission
scheme if the number of required feedback reports is greater
than the number of bits in each available feedback resource.
The data sending party may be a base station and the data
receiving party may be a terminal, or vice versa.

The use of resource blocks as feedback resources will
now be explained in more detail. A typical pattern of
arranging resource blocks RBs in a sub-frame is illustrated
in FIG. 2. In this example, a sub-frame of 1 ms comprises
12 resource block pairs. Information can thus generally be
transmitted in the different resource blocks on the respective
sub-carriers. In the middle M of the sub-frame, a data block
DB in one resource block RBi can be mapped onto a
different resource block RBj according to a frequency hop-
ping scheme to obtain frequency diversity, thus forming a
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resource block pair [Rbi/RBj] RBi/RBj. In other words, the
transmission of the data block is moved to another resource
block at another frequency within the total frequency carrier.
In this example, the data block DB, in RB1 moves at M to
RB12, the data block DB, in RB2 moves to RB11, and so
forth.

In LTE, feedback reports, or ACK/NACKs, are typically
transmitted from a terminal over the physical uplink control
channel PUCCH which is allocated to one of the outmost
resource blocks in the frequency carrier, unless user data is
transmitted simultaneously, in which case they can be trans-
mitted in other sub-carriers time-multiplexed with the user
data. In FIG. 2, four resource blocks RB1, RB2, RB11 and
RB12 have been allocated for feedback or ACK/NACK
reports from different terminals. Within each resource block,
each respective terminal can transmit a feedback report in a
CDM fashion. Thereby, multiple orthogonal feedback
reports can be transmitted by different terminals within each
resource block. In other words, multiple resources are avail-
able for feedback reports within each sub-frame. In this
description, each of these resources is called a feedback
resource. Within each feedback resource, a terminal may
transmit either a single information bit using BPSK modu-
lation or two information bits using QPSK modulation.

A terminal receiving data packets in multiple downlink
sub-frames may need to transmit multiple feedback reports
in a single uplink sub-frame. However, since single carrier
properties must be retained in uplink transmissions accord-
ing to LTE, the terminal cannot transmit in, e.g., both
resource blocks RB1 and RB3 and still transmit a single
carrier signal, since these sub-carriers are not in contiguous
spectrum, i.e. adjacent frequencies.

Further, due to the properties of the CDM component of
the feedback report, it is not possible to transmit in resource
blocks RB1 and RB2 either and still retain single carrier
properties, as the information transmitted from the same
terminal in RB1 and RB2 are uncorrelated, which implies
that the single-carrier properties are lost also in this case.
Instead, a terminal is able to convey additional implicit
feedback information by transmitting on a selected feedback
resource, when a plurality of feedback resources are avail-
able to the terminal.

FIG. 3 illustrates schematically how feedback information
can be conveyed from a data receiving party 300 to a data
sending party 302 by means of feedback resource selection,
according to an exemplary embodiment. The data sending
party 302 sends four sets of data to the data receiving party
300, indicated as “Data 17, “Data 2, “Data 3" and “Data 47,
each requiring an individual feedback report. The data sets
1-4 may be packets transmitted in sub-frames as described
above, although the present invention is not specifically
limited thereto. Throughout this description, the term “data
set” is used to generally represent any chunk of data trans-
mitted in a sub-frame or otherwise.

It is assumed that the data receiving party 300 has
previously obtained information about which transmission
resources are available in a particular TX sub-frame for
feedback reporting, in this case four different feedback
resources 304 denoted FR,, FR,, FR; and FR,. This infor-
mation is typically obtained in connection with cell selection
or handover. The feedback resources 304 may be resource
blocks in an allocated TX sub-frame in the manner described
above, although the present invention is not limited to any
particular type of feedback resources.

Each feedback resource 304 has been assigned to a
specific feedback information code known by both parties,
where each code contains two information bits. This code
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assignment may be communicated in an allocation message,
or could be pre-configured in the equipment used. In this
example, FR, is assigned to code (0,0), FR, is assigned to
code (1,0), FR, is assigned to code (0,1), and FR, is assigned
to code (1,1). These codes can be used for conveying
implicit feedback information on received data in combina-
tion with explicit feedback information, i.e. as a combined
codeword determined by the modulation symbol bits and the
additional bits of resource selection.

It is further assumed in this example that the data receiv-
ing party 300 can send feedback information for the 4
received data sets in only one sub-frame using QPSK
modulation, i.e. 2 information bits can be used for conveying
explicit feedback information in that sub-frame. Hence, 2
bits are available for conveying explicit feedback informa-
tion, but 4 feedback reports are required.

In the present solution, another two bits of implicit
feedback information can be conveyed by transmitting the
explicit feedback information on one of the 4 available
feedback resources 304, such that the mere selection of
feedback resource indicates two further feedback reports,
i.e. the two bits in the respective feedback information code.
The data receiving party 300 thus checks for errors in each
received data set 1-4 and determines whether an ACK or
NACK message is to be sent back to the data sending party
for each data set 1-4. In the example shown in FIG. 3, data
sets 1, 2 and 3 were received correctly but data set 4 was
received incorrectly. The required feedback reports for data
sets 1-4 can thus be encoded as a codeword *“1,1,1,0”, where
1=ACK and 0=NACK. Therefore, data receiving party 300
sends 2 explicit feedback reports “1,1” for data sets 1 and 2
over FR, which then represents implicit feedback reports
“1,0” for data sets 3 and 4, hence “1,1,1,0”.

Encoded feedback reports can be conveyed by different

terminals in a sub-frame according to Table 1 below:
TABLE 1

Feedback FR, FR, FR; FR, FR, FRs FR, TR

resource:

Terminal: A A A A B B B B

Associated 0 1 2 3 0 1 2 3

code:

Selected FR, FRg

resource:

Selected code: 1 3

In Table 1, eight different feedback resources 1-8 in a
given sub-frame are allocated to two terminals A and B,
where resources 1-4 are allocated to terminal A and
resources 5-8 are allocated to terminal B. Furthermore,
feedback resources FR, and FR, are assigned to a feedback
information code 0, FR, and FR are assigned to a feedback
information code 1, FR; and FR,, are assigned to a feedback
information code 2, and FR, and FR, are assigned to a
feedback information code 3. It should be noted that the
present invention generally allows for any number of feed-
back resources allocated for any number of terminals.

Thereby, terminals A,B can transmit explicit feedback
information on one selected feedback resource to convey a
feedback information code 0-3 as further implicit feedback
information to the data sending party. If QPSK modulation
is used, two bits of explicit feedback information x, and x,
are sent on the selected feedback resource. The QPSK
modulated symbol will then represent two feedback bits: bit
0 and bit 1, and the feedback resource selection will repre-
sent another two feedback bits: bit 2 and bit 3. Each of bits
0-3 can be either 0 or 1, as shown in Table 2 below:
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TABLE 2
Bit 3 Bit 2 Bit 1 Bit 0
Feedback code 0: 0 0 X Xo
Feedback code 1: 0 1 X Xo
Feedback code 2: 1 0 X, Xo
Feedback code 3: 1 1 X Xo

Using Tables 1 and 2 for the example of FIG. 3, the data
receiving party 300 transmits a QPSK modulated symbol
with x,=1 and x,=1 as explicit feedback information to
indicate successful reception of data sets 1 and 2, on selected
feedback resource FR, representing feedback code 1 as
implicit feedback information to indicate successful recep-
tion of data set 3 and unsuccessful reception of data set 4.
Thereby, the 4 feedback reports “1,1,1,0”, i.e. bits 0-3, are
conveyed to the data sending party as a combined codeword.

The skilled person will readily understand that the
embodiments above can be modified in various different
ways, e.g. using different resource allocations, modulation
methods and feedback encoding schemes, without limitation
to the present invention. In the examples above, the number
of feedback resources corresponds directly to the number of
additional information bits for implicit feedback informa-
tion. However, it should be noted that this idea can be
generalized to using “M-ary” symbols for the case when the
data receiving party, e.g. the terminal, can choose between
M allocated feedback resources. For example, with 3 allo-
cated feedback resources and transmitting a QPSK modu-
lated symbol on the selected resource, the data receiving
party can signal up to 3*4=12 different combined feedback
codewords or bit patterns, shown in Table 3 below.

TABLE 3
feedback
codewords Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0
1 0 1 0 1
2 1 0 1 0
3 0 0 1 1
4 0 1 0 0
5 1 0 0 1
6 0 0 1 0
7 0 1 1 1
8 1 0 0 0
9 0 0 0 1
10 0 1 1 0
11 1 0 1 1

Using the present solution, the number of feedback
resources that must be allocated to each terminal will
increase exponentially with the number of feedback reports,
i.e. bits, that is required. When many feedback reports are
required, the feedback resource utilization will be corre-
spondingly low. For example, if a combined codeword with
5 bits is required for feedback reporting and QPSK modu-
lation is used, 3 additional bits must be conveyed by
selecting a feedback resource. Hence, 8 feedback resources
must then be allocated to the terminal to cover all combi-
nations of 3 bits, resulting in a maximum resource utilization
of % since only one of them can be used by the terminal to
retain the single carrier properties.

On the network side, the base station to which the
terminal is connected must be able to detect which feedback
resource the terminal transmits feedback information on. For
example, this could be done by using an energy detection
criterion, i.e. detecting a received signal strength and deter-



US RE50,183 E

11

mining if the received signal strength is strong enough to be
distinguished from noise and/or interference. Alternatively
or additionally, the used feedback resource can be detected
by comparing the received signal strength on all allocated
feedback resources and selecting the feedback resource
having the highest signal strength and/or SINR [(Signal-
Noise Ratio)] (Sigral-to-Interference-plus-Noise Ratio).
Both these approaches could also be combined to increase
the probability of correct feedback resource detection.

FIG. 4 is a flow chart illustrating a procedure of convey-
ing feedback reports for received data sets, from a data
receiving party to a data sending party, as executed by the
data receiving party. The data sending party may be a base
station and the data receiving party may be a terminal, or
vice versa. It is assumed that single carrier properties are
required when transmitting feedback reports, and that the
number of required feedback reports is greater than the
number of bits available for feedback reporting by carrier
modulation. This is often the case in the TDD mode of LTE
when a terminal is required to send multiple feedback
reports in a single sub-frame on the uplink for data received
on the downlink.

In a first step 400, information is obtained on which
feedback resources are allocated for transmitting feedback
reports from the data receiving party, thereby enabling
differentiated feedback reports by feedback resource selec-
tion. The obtained feedback resources are assigned to dif-
ferent feedback information codes which can be used as
feedback reports, as explained above.

It is now assumed that the data receiving party receives
plural data sets from the data sending party, requiring
feedback reports. In a next step 402, explicit and implicit
feedback information are determined for the data received
from the data sending party. In this step, the received data is
checked for errors and it is determined whether an ACK
message or a NACK message is to be sent for each set of
data. Depending on how many bits are available for explicit
feedback reporting, i.e. by carrier modulation, one or more
explicit feedback reports are determined to be sent by
modulation. The remaining feedback reports are determined
to be sent implicitly by feedback resource selection.

In a further step 404, a feedback resource is selected, out
of the available feedback resources received in step 400,
which is assigned to a feedback information code that
corresponds to the determined implicit feedback information
of'step 402. Finally, the explicit feedback information is sent
on the selected feedback resource to indicate the implicit
feedback information, in a step 406. Thereby, both the
explicit feedback information and the implicit feedback
information is conveyed to the data sending party, without
losing the single carrier properties.

FIG. 5 is a flow chart illustrating a procedure of receiving
feedback reports from a terminal for transmitted data sets, as
executed by a network node such as a base station trans-
mitting the data sets. In this case, the network node is thus
a data sending party and the terminal is a data receiving
party. Again, is assumed that single carrier properties are
required when the terminal transmits the feedback reports,
and that the number of required feedback reports is greater
than the number of bits available for feedback reporting by
carrier modulation.

In a first step 500, a plurality of feedback resources are
allocated to the terminal for selection when transmitting
feedback reports to the network node, thereby enabling
differentiated feedback reports by feedback resource selec-
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tion. The received feedback resources are assigned to dif-
ferent feedback information codes which the terminal thus
can use as feedback reports.

In a next step 502, the terminal is notified on which
feedback resources are available for selection, which were
allocated in the previous step 500. The available feedback
resources can be communicated in a suitable control mes-
sage, e.g. during a cell selection or handover procedure
when the terminal locks on to the base station. This control
message may be the generally known message [“RCC
CONNECTION SETUP”] “RRC CONNECTION SETUP”
or a suitable broadcast message on the Broadcast Control
Channel, BCCH. Alternatively, the feedback resource allo-
cation may be given by the downlink scheduling assignment
for the terminal, or by which resources the data is transmit-
ted on from the network node, e.g. base station, which will
be described in more detail later below.

It is now assumed that the network node sends plural data
sets to the terminal, which require feedback reports from the
terminal. In a further step 504, one or more explicit feedback
reports are received from the terminal on one of the feedback
resources allocated in step 500, which has been selected by
the terminal to convey further implicit feedback informa-
tion.

Finally, the implicit feedback information is detected
based on the feedback information code corresponding to
the received feedback resource, in a step 506. Thereby, both
the explicit feedback information and the implicit feedback
information have been received from the terminal, without
losing the single carrier properties when the feedback infor-
mation is transmitted from the terminal.

FIG. 6 is a block diagram schematically illustrating a
terminal 600 acting as a data receiving party and a network
node 602 acting as a data sending party, e.g. a base station,
when the terminal 600 sends feedback reports on the uplink
for data received from the network node 602 on the down-
link in a wireless connection. Again, is assumed that the
terminal 600 is required to transmit the feedback reports
with single carrier properties.

The terminal 600 comprises a receiving unit 600a (also
referred to as a resource obtaining unit or circuit) adapted to
receive allocation information “FR info” from the network
node 602 about a plurality of feedback resources available
for transmitting feedback reports. The feedback resources
are associated with different feedback information codes
which are known by the terminal. The terminal may have
obtained such knowledge of which particular feedback
information code each feedback resource is associated with
in a suitable control message from the network node 602,
e.g. during a cell selection or handover procedure, or it may
have been pre-configured in the terminal.

The terminal 600 further comprises a selecting unit (or
circuit) 600b adapted to select a feedback resource from the
received feedback resources for transmission, to convey
implicit feedback information depending on the outcome of
the received data, i.e. to implicitly indicate correct or incor-
rect reception thereof. The selected feedback resource has
thus been assigned to a feedback information code that
corresponds to one or more feedback reports relevant for
said received data. The terminal 600 also comprises a
sending unit (or circuit) 600c adapted to send feedback
information on the selected feedback resource to the data
sending party, thereby implying the feedback information
code assigned to the used feedback resource.
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The receiving unit 600a, the selecting unit 600b and the
sending unit 600c can be generally adapted to perform
corresponding functions described in connection with FIGS.
3-5 above.

The network node 602 comprises a sending unit 602a
(also referred to as a resource providing unit or circuit)
adapted to send information “FR info” to the terminal 600
about a plurality of feedback resources allocated for trans-
mitting feedback information, the feedback resources being
assigned to and associated with different feedback informa-
tion codes.

The network node 602 further comprises a receiving unit
(or circuit) [602b] 602¢ adapted to receive feedback infor-
mation on the transmitted data from the terminal on a
feedback resource that has been selected by the terminal to
convey implicit feedback information. The network node
602 also comprises a detecting unit (or circuit) [602c] 6025
adapted to detect one or more feedback reports based on the
feedback information code assigned to the selected feedback
resource.

The sending unit 602a, the receiving unit [602b] 602¢ and
the detecting unit [602c] 6025 can be generally adapted to
perform corresponding functions described in connection
with FIGS. 3-5 above. It should be noted that FIG. 6 merely
illustrates the various functional units 600a-c and 602a-c in
a logical sense, while the skilled person is free to implement
these functions in practice using any suitable software and
hardware means.

It will now be described in more detail how feedback
resources can be allocated for a terminal according to the
above. When using the FDD mode in LTE, each downlink
data packet directed to a specific terminal will identify
which feedback resource on the uplink is available for a
feedback report. In order to map a downlink data packet to
a corresponding uplink feedback resource, three different
methods can be used: 1) the feedback resource is given by
which downlink scheduling assignment channel that con-
tains control information related to the downlink data
packet, 2) the uplink feedback resource is given by which
resources the data packet itself, DL-SCH in LTE, is trans-
mitted on, and 3) the uplink feedback resource is explicitly
signaled by the base station.

These alternatives can also be applied when using the
TDD mode. Each data packet sent on the downlink could be
coupled to a specific given uplink feedback resource, regard-
less of which terminal the DL data packet is addressed to.
This means that each terminal will receive one allocated
feedback resource per received data packet. If only one data
packet is received, one corresponding feedback resource
will be allocated. If two data packets are received, two
corresponding feedback resource will be allocated. If four
DL data packets are received, four corresponding feedback
resource will be allocated, and so forth.

In Table 4, an example of UL feedback resource allocation
is given with two downlink sub-frames and up to four
downlink scheduling assignment channels per downlink
sub-frame.

TABLE 4
Terminal: A A
DL sub-frame: 1 2
DL scheduling channels: 1 2 3 4 1 2 2 4
UL feedback resource: 1 2 3 4 5 6 7 8

In this example, terminal A is scheduled to receive data in
both downlink sub-frames 1 and 2, and therefore UL feed-
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back resources 3 and 5, underlined, are allocated to terminal
A. That terminal’s feedback report will then include selec-
tion of either one of the feedback resources 3 and 5,
depending on what feedback status it needs to report.
Using this approach, both the base station and the terminal
will be aware of which feedback resources have been
allocated to the terminal for selection. The base station
naturally knows what scheduling decisions it has made for
the terminal, whereas the terminal knows which downlink
resources it has received.
Although the description above is generally concerned
with the case when a single bit of feedback reporting is
required for each received downlink data packet, and mul-
tiple received data packets are reported in a single uplink
sub-frame, the present invention can be generally applied to
any case when more than two bits of feedback information
are needed. For example, this solution could also be used for
reporting the quality of received so-called “soft bits”, which
redundancy version that should be re-transmitted, or if it is
mainly some specific part of the data packet that was
received erroneously. The term “feedback information™ is
used in this description to generally represent any type of
information relating to errors or quality of the received data
and/or relating to the needed retransmission.
Although the description above is focused on the TDD
mode of LTE, it should also be noted that it could also be
used for half-duplex FDD mode, i.e., when the terminal
cannot transmit and receive at the same time.
An advantage of this invention is that feedback reports,
such as ACK/NACK, for multiple received data packets can
be conveyed in a single sub-frame, still retaining the
required single carrier properties of the transmitted signals.
This will also allow for increased peak rate in downlink
transmissions. If a feedback report for basically only one
received data packet can be transmitted per available uplink
sub-frame as in the previously known solutions, it is not
possible to schedule a single terminal in all downlink
sub-frames for greatly asymmetric connections, e.g. 4 DL:1
UL, consequently limiting the peak rate for downlink data.
Using the present invention, it is possible to schedule a
single terminal in all downlink sub-frames of a radio frame,
thereby achieving a greater downlink peak rate.
Furthermore, any unnecessary re-transmissions of cor-
rectly received data packets can be avoided since each
received data packet is reported individually, which will
further increase the downlink peak rate and capacity.
The present solution could also be defined as a method in
a User Equipment (UE) operating in a communication
system employing a protocol for correcting block errors that
occurs over the air interface, said protocol involves trans-
mission of uplink feedback reports from the UE that receives
data to the transmitter of said data, comprising the steps of
receiving from the system more than one resource on
which the feedback reports can be transmitted, whereby
each resource is assigned a binary code; and

choosing from the received resources one resource to
transmit on, whereby the specific binary code that is
assigned to the selected resource is utilized as feedback
information.

The present solution could also be defined as a User
Equipment capable of operating in a communication system
employing a protocol for correcting block errors that occurs
over the air interface, said protocol involves transmission of
uplink feedback reports, comprising means for performing
the method above.

The present solution could also be defined as a method in
a network node operating in a communication system
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employing a protocol for correcting block errors that occurs
over the air interface, said protocol involves transmission of
uplink feedback reports from the UE that receives data to the
transmitter of said data, comprising the steps of

providing each UE with more than one resource on which

the feedback reports can be transmitted, whereby each
resource is assigned a binary code;

allowing the UE to choose from the received resources

one resource to transmit on, whereby the specific
binary code that is assigned to the selected resource is
utilized as feedback information[,]; and

detecting the feedback information based on detection of

the received resource blocks that the UE transmits on.

The present solution could also be defined as a network
node capable of operating in a communication system
employing a protocol for correcting block errors that occurs
over the air interface, said protocol involves transmission of
uplink feedback reports, comprising means for performing
the method above.

While the invention has been described with reference to
specific exemplary embodiments, the description is in gen-
eral only intended to illustrate the inventive concept and
should not be taken as limiting the scope of the invention.
Although the concepts of 3GPP, LTE, HSPA, MAC, radio
frames, sub-frames, HARQ soft combining and ACK/
NACK messages have been used when describing the above
embodiments, any other similar suitable standards, protocols
and mechanisms may basically be used to accomplish the
functions described herein. In particular, the above-de-
scribed embodiments could be applied in TDD as well as
half duplex FDD transmission schemes. The present inven-
tion is generally defined by the following independent
claims.

The invention claimed is:

[1. A method implemented by a data receiving party for
conveying feedback reports from the data receiving party for
data received from a data sending party in a wireless
connection, the method comprising:

obtaining allocation information about a plurality of feed-

back resources available for transmitting feedback
reports, wherein said feedback resources are associated
with different feedback information codes that the data
receiving party can use to convey implicit feedback
information on received data;

selecting a feedback resource from the plurality of feed-

back resources available, the selected feedback
resource assigned to a feedback information code that
corresponds to one or more feedback reports on said
received data; and

sending explicit feedback information on the selected

feedback resource to the data sending party to indicate
implicit feedback information different from the
explicit feedback information.]

[2. The method of claim 1, wherein sending feedback
information on the selected feedback resource comprises
sending explicit feedback information on the selected feed-
back resource, and wherein the selected feedback resource
further indicates implicit feedback information.]

[3. The method of claim 1, wherein sending feedback
information on the selected feedback resource comprises
conveying two bits of explicit feedback information using
Quadrature Phase-Shift Keying, QPSK, modulation and
conveying at least one further bit of implicit feedback
information using the feedback resource selection, thereby
forming a combined codeword with said two bits of explicit
feedback information and at least one further bit of implicit
feedback information.]
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[4. The method of claim 3, wherein each bit in the
combined codeword formed relates to a specific sub-frame
of said received data.]

[5. The method of claim 1, wherein the data receiving
party comprises a terminal and the data sending party
comprises a network node.]

[6. The method of claim 5, wherein obtaining allocation
information about a plurality of feedback resources available
comprises receiving said allocation information in a control
message during a cell selection or handover procedure.]

[7. The method of claim 5, wherein obtaining allocation
information about a plurality of feedback resources available
comprises receiving said allocation information based on a
downlink scheduling assignment for the terminal or based
on which resources said received data is transmitted on from
the network node.]

[8. The method of claim 1, wherein a Time Division
Duplex, TDD, or half duplex Frequency Division Duplex,
FDD, transmission scheme is employed in a connection
between said data sending and receiving parties.]

[9. The method of claim 1, wherein a Hybrid ARQ
protocol is used whereby each feedback report includes an
ACK message or a NACK message relating to data in a
received sub-frame.]

[10. An apparatus in a data receiving party for conveying
feedback reports for data received from a data sending party
in a wireless connection, comprising:

a resource obtaining circuit configured to obtain alloca-
tion information about a plurality of feedback resources
available for transmitting feedback reports, wherein
said feedback resources are associated with different
feedback information codes that the data receiving
party can use to convey implicit feedback information
on received data;

a selecting circuit configured to select a feedback resource
from the plurality of feedback resources available, the
selected feedback resource assigned to a feedback
information code that corresponds to one or more
feedback reports on said received data; and

a sending circuit configured to send explicit feedback
information on the selected feedback resource to the
data sending party to indicate implicit feedback infor-
mation different from the explicit feedback informa-
tion.]

[11. The apparatus of claim 10, wherein the sending
circuit is configured to send feedback information on the
selected feedback resource by sending explicit feedback
information on the selected feedback resource, and wherein
the selected feedback resource further indicates implicit
feedback information.]

[12. The apparatus of claim 10, wherein the sending
circuit is configured to send feedback information on the
selected feedback resource by conveying two bits of explicit
feedback information using Quadrature Phase-Shift Keying,
QPSK, modulation and conveying at least one further bit of
implicit feedback information using the feedback resource
selection, thereby forming a combined codeword with said
two bits of explicit feedback information and at least one
further bit of implicit feedback information.]

[13. The apparatus of claim 12, wherein each bit in the
combined codeword formed relates to a specific sub-frame
of said received data.]

[14. The apparatus of claim 10, wherein the data receiving
party comprises a terminal and the data sending party
comprises a network node.]

[15. The apparatus of claim 14, wherein the resource
obtaining circuit is configured to obtain said allocation
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information by receiving said allocation information in a
control message during a cell selection or handover proce-
dure.]
[16. The apparatus of claim 14, wherein the resource
obtaining circuit is configured to obtain said allocation
information by receiving said allocation information based
on a downlink scheduling assignment for the terminal or
based on which resources the data is transmitted on from the
network node.]
[17. The apparatus of claim 10, wherein a Time Division
Duplex, TDD, or half duplex Frequency Division Duplex,
FDD, transmission scheme is employed in the connection
between said data sending and receiving parties.]
[18. The apparatus of claim 10, wherein the data receiving
party is configured to use a Hybrid ARQ protocol whereby
each feedback report includes an ACK message or a NACK
message relating to data in a received sub-frame.]
[19. A method implemented by a network node for
obtaining feedback reports from a terminal for data trans-
mitted to the terminal from the network node in a wireless
connection, the method comprising:
providing allocation information to the terminal about a
plurality of feedback resources available for transmit-
ting explicit feedback information, wherein said feed-
back resources are associated with different feedback
information codes that the terminal can use to convey
implicit feedback information on received data that is
different than the explicit feedback information;

receiving feedback information for said transmitted data
from the terminal on a feedback resource selected by
the terminal; and

detecting one or more feedback reports based on the

feedback information code assigned to the selected
feedback resource.]

[20. The method of claim 19, wherein receiving feedback
information on a feedback resource selected by the terminal
comprises receiving explicit feedback information on the
selected feedback resource, and wherein the selected feed-
back resource further indicates implicit feedback informa-
tion.]

[21. The method of claim 19, wherein receiving feedback
information on a feedback resource selected by the terminal
comprises detecting which feedback resource the terminal
transmits the feedback information on, by detecting a
received signal strength and determining if the received
signal strength is strong enough to be distinguished from
noise and/or interference.]

[22. The method of claim 19, wherein receiving feedback
information on a feedback resource selected by the terminal
comprises detecting which feedback resource the terminal
transmits the feedback information on, by comparing the
received signal strength on all allocated feedback resources
and selecting the feedback resource with the highest
received signal strength and/or Signal-to-Interference-plus-
Noise Ratio, SINR.]

[23. The method of claim 19, wherein providing alloca-
tion information to the terminal comprises sending said
allocation information in a control message during a cell
selection or handover procedure.]

[24. The method of claim 19, wherein providing alloca-
tion information to the terminal comprises providing said
resource allocation information based on a downlink sched-
uling assignment for the terminal or based on which
resources the data is transmitted on from the network node.]
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[25. An apparatus in a network node for obtaining feed-
back reports from a terminal for data transmitted to the
terminal from the network node in a wireless connection,
comprising:

a resource providing circuit configured to provide alloca-
tion information to the terminal about a plurality of
feedback resources available for transmitting explicit
feedback information, wherein said feedback resources
are associated with different feedback information
codes that the terminal can use to convey implicit
feedback information on received data that is different
than the explicit feedback information;

a receiving circuit configured to receive feedback infor-
mation for said transmitted data from the terminal on a
feedback resource selected by the terminal; and

a detecting circuit configured to detect one or more
feedback reports based on the feedback information
code assigned to the selected feedback resource.]

[26. The apparatus of claim 25, wherein the receiving
circuit is configured to receive explicit feedback information
on the selected feedback resource and implicit feedback
information as indicated by the selected feedback resource.]

[27. The apparatus of claim 25, wherein the receiving
circuit is configured to detect which feedback resource the
terminal transmits the feedback information on, by detecting
a received signal strength and determining if the received
signal strength is strong enough to be distinguished from
noise and/or interference.]

[28. The apparatus of claim 25, wherein the receiving
circuit is configured to detect which feedback resource the
terminal transmits the feedback information on, by compar-
ing the received signal strength on all allocated feedback
resources and selecting the feedback resource with the
highest received signal strength and/or Signal-to-Interfer-
ence-plus-Noise Ratio, SINR.]

[29. The apparatus of claim 25, wherein the resource
providing circuit is configured to send said allocation infor-
mation in a control message during a cell selection or
handover procedure.]

[30. The apparatus of claim 25, wherein the resource
providing circuit is configured to provide said allocation
information based on a downlink scheduling assignment for
the terminal or based on which resources the data is trans-
mitted on from the network node.]

31. A method implemented by a data receiving party for
conveying feedback information from the data receiving
party for data received from a data sending party in a
wireless connection, the method comprising:

receiving, via the wireless connection, allocation infor-
mation about a plurality of feedback resources avail-
able for conveying feedback information;

selecting a feedback resource from the plurality of feed-
back resources and a feedback bit pattern from a
plurality of feedback bit patterns, the selected feedback
resource and the selected feedback bit pattern jointly
identifying a selected one of a plurality of feedback
codes regarding the data, the plurality of feedback
codes comprising:

a first feedback code in which at least two bits are the
same; and

a second feedback code in which at least two bits are
different; and

sending, via the wireless connection, the selected feed-
back bit pattern on the selected feedback resource to
convey the selected feedback code regarding the data to
the data sending party;
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wherein sending the selected feedback bit pattern indi-
cates explicit feedback information to the data sending
party;

wherein sending the selected feedback bit pattern on the

selected feedback resource indicates implicit feedback
information; and

wherein the implicit feedback information is different from

the explicit feedback information.

32. The method of claim 31, wherein sending the selected
feedback bit pattern on the selected feedback resource
comprises conveying two bits of explicit feedback informa-
tion using Quadrature Phase-Shift Keying, QPSK, modula-
tion and conveying at least one further bit of implicit
feedback information using the selected feedback resource,
thereby forming a combined codeword with said two bits of
explicit feedback information and at least one further bit of
implicit feedback information.

33. The method of claim 32, wherein each bit in the
combined codeword formed relates to a specific sub-frame
of said received data.

34. The method of claim 31, wherein the data receiving
party comprises a terminal and the data sending party
comprises a network node.

35. The method of claim 34, wherein receiving, via the
wireless connection, allocation information about a plural-
ity of feedback resources available comprises receiving, via
the wireless connection, said allocation information in a
control message during a cell selection or handover proce-
dure.

36. The method of claim 34, wherein receiving, via the
wireless connection, allocation information about a plural-
ity of feedback resources available comprises receiving, via
the wireless connection, said allocation information based
on a downlink scheduling assignment for the terminal or
based on which resources said received data is transmitted
on from the network node.

37. The method of claim 31, wherein a Time Division
Duplex, TDD, or half duplex Frequency Division Duplex,
FDD, transmission scheme is employed in a connection
between said data sending and receiving parties.

38. The method of claim 31, wherein a hybrid automatic
repeat request (HARQ) protocol is used whereby the selected
feedback code indicates multiple feedback reports, wherein
each feedback report includes an ACK message or a NACK
message relating to data in a received sub-frame.

39. The method of claim 31, wherein the selected feedback
code indicates hybrid automatic repeat request (HARQ)
reports for data rveceived in multiple sub-frames from the
data sending party, and wherein the selected feedback bit
pattern is sent on the selected feedback resource in a single
sub-frame.

40. An apparatus in a data receiving party for conveying
feedback information for data received from a data sending
party in a wireless connection, the apparatus comprising:

a resource obtaining circuit configured to receive, via the

wireless connection, allocation information about a
plurality of feedback resources available for conveying
feedback information;

a selecting circuit configured to select a feedback resource

from the plurality of feedback resources and a feedback
bit pattern from a plurality of feedback bit patterns, the
selected feedback resource and the selected feedback
bit pattern jointly identifving a selected one of a
plurality of feedback codes regarding the data, the
plurality of feedback codes comprising:

a first feedback code in which at least two bits are the

same; and
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a second feedback code in which at least two bits are
different; and

a sending circuit configured to send the selected feedback

bit pattern on the selected feedback resource to convey
the selected feedback code regarding the data to the
data sending party;

wherein sending the selected feedback bit pattern indi-

cates explicit feedback information to the data sending
party;

wherein sending the selected feedback bit pattern on the

selected feedback resource indicates implicit feedback
information; and

wherein the implicit feedback information is different from

the explicit feedback information.

41. The apparatus of claim 40, wherein the sending circuit
is configured to send the selected feedback bit pattern on the
selected feedback resource by conveying two bits of explicit
feedback information using Quadrature Phase-Shift Keying,
QPSK, modulation and conveying at least one further bit of
implicit feedback information using the selected feedback
resource, thereby forming a combined codeword with said
two bits of explicit feedback information and at least one
further bit of implicit feedback information.

42. The apparatus of claim 41, wherein each bit in the
combined codeword formed relates to a specific sub-frame
of said received data.

43. The apparatus of claim 40, wherein the data receiving
party comprises a terminal and the data sending party
comprises a network node.

44. The apparatus of claim 43, wherein the resource
obtaining circuit is configured to receive, via the wireless
connection, said allocation information by receiving, via the
wireless connection, said allocation information in a control
message during a cell selection or handover procedure.

45. The apparatus of claim 43, wherein the resource
obtaining circuit is configured to receive, via the wireless
connection, said allocation information by receiving, via the
wireless connection, said allocation information based on a
downlink scheduling assignment for the terminal or based
on which resources the data is transmitted on from the
network node.

46. The apparatus of claim 40, wherein a Time Division
Duplex, TDD, or half duplex Frequency Division Duplex,
FDD, transmission scheme is employed in the connection
between said data sending and receiving parties.

47. The apparatus of claim 40, wherein the data receiving
party is configured to use a hybrid automatic repeat request
(HARQ) protocol whereby the selected feedback code indi-
cates multiple feedback veports, wherein each feedback
report includes an ACK message or a NACK message
relating to data in a received sub-frame.

48. The apparatus of claim 40, wherein the selected
feedback code indicates hybrid automatic repeat request
(HARQ) reports for data received in multiple sub-frames
from the data sending party, and wherein the selected
feedback bit pattern is sent on the selected feedback resource
in a single sub-frame.

49. A method implemented by a network node for receiv-
ing, via a wireless connection, feedback information from a
terminal for data transmitted to the terminal from the
network node via the wireless connection, the method com-
prising:

sending, via the wireless connection, allocation informa-

tion to the terminal about a plurality of feedback
resources available for conveying feedback informa-
tion;
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receiving, from the terminal via the wireless connection,
a selected feedback bit pattern on a selected feedback
resource, the selected feedback bit pattern being
selected by the terminal from a plurality of feedback bit
patterns and the selected feedback vesource being
selected by the terminal from the plurality of feedback
resources, the selected feedback bit pattern and the
selected feedback vesource jointly identifying a selected
one of a plurality of feedback codes regarding the data,
the plurality of feedback codes comprising:
a first feedback code in which at least two bits are the
same; and
a second feedback code in which at least two bits are
different; and
detecting the selected feedback code from the plurality of
feedback codes based on the selected feedback bit
pattern and the selected feedback resource;

wherein receiving the selected feedback bit pattern indi-

cates explicit feedback information to the network
node;

wherein receiving the selected feedback bit pattern on the

selected feedback resource indicates implicit feedback
information; and

wherein the implicit feedback information is different from

the explicit feedback information.

50. The method of claim 49, wherein receiving the
selected feedback bit pattern on the selected feedback
resource comprises detecting which feedback resource the
terminal transmits the selected feedback bit pattern on by
detecting a received signal strength and determining if the
received signal strength is strong enough to be distinguished
from noise and/or interference.

51. The method of claim 49, wherein receiving the
selected feedback bit pattern on the selected feedback
resource comprises detecting which feedback resource the
terminal transmits the explicit feedback information on by
comparing the received signal strength on all allocated
feedback resources and selecting the feedback resource with
the highest received signal strength and/or Signal-to-Inter-
ference-plus-Noise Ratio, SINR.

52. The method of claim 49, wherein sending, via the
wireless connection, allocation information to the terminal
comprises sending, via the wireless connection, said allo-
cation information in a control message during a cell
selection or handover procedure.

53. The method of claim 49, wherein sending, via the
wireless connection, allocation information to the terminal
comprises sending, via the wireless connection, said
resource allocation information based on a downlink sched-
uling assignment for the terminal or based on which
resources the data is transmitted on from the network node.

54. The method of claim 49, wherein the selected feedback
code indicates hybrid automatic repeat request (HARQ)
reports for data transmitted in multiple sub-frames to the
terminal, and wherein the selected feedback bit pattern is
received on the selected feedback resource in a single
sub-frame.

55. An apparatus in a network node for receiving, via a
wireless connection, feedback information from a terminal
for data transmitted to the terminal from the network node
via the wireless connection, the apparatus comprising:
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a resource providing circuit configured to send, via the
wireless connection, allocation information to the ter-
minal about a plurality of feedback resources available
for conveying feedback information;

a receiving circuit configured to receive, from the terminal

via the wireless connection, a selected feedback bit

pattern on a selected feedback resource, the selected
feedback bit pattern being selected by the terminal from

a plurality of feedback bit patterns and the selected

feedback resource being selected by the terminal from

the plurality of feedback resources, the selected feed-
back bit pattern and the selected feedback resource

Jointly identifying a selected one of a plurality of

feedback codes regarding the data, the plurality of

feedback codes comprising:

a first feedback code in which at least two bits are the
same; and

a second feedback code in which at least two bits are
different; and

detecting circuit configured to detect the selected feed-

back code from the plurality of feedback codes based

on the selected feedback bit pattern and the selected
feedback resource;

wherein receiving the selected feedback bit pattern indi-

cates explicit feedback information to the network
node;

wherein receiving the selected feedback bit pattern on the

selected feedback resource indicates implicit feedback
information; and

wherein the implicit feedback information is different from

the explicit feedback information.

56. The apparatus of claim 55, wherein the receiving
circuit is further configured to detect which feedback
resource the terminal transmits the selected feedback bit
pattern on by detecting a received signal strength and
determining if the received signal strength is strong enough
to be distinguished from noise and/or interference.

57. The apparatus of claim 55, wherein the receiving
circuit is further configured to detect which feedback
resource the terminal transmits the selected feedback bit
pattern on by comparing the received signal strength on all
allocated feedback resources and selecting the feedback
resource with the highest received signal strength and/or
Signal-to-Interference-plus-Noise Ratio, SINR.

58. The apparatus of claim 55, wherein the resource
providing circuit is configured to send, via the wireless
connection, said allocation information in a control message
during a cell selection or handover procedure.

59. The apparatus of claim 55, wherein the resource
providing circuit is configured to send, via the wireless
connection, said allocation information based on a downlink
scheduling assignment for the terminal or based on which
resources the data is transmitted on from the network node.

60. The apparatus of claim 55, wherein the selected
feedback code indicates hybrid automatic repeat request
(HARQ) reports for data transmitted in multiple sub-frames
to the terminal, and wherein the selected feedback bit
pattern is received on the selected feedback resource in a
single sub-frame.



