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Description

TECHNICAL FIELD

[0001] The present invention relates to a method and an arrangement in a base station and a method and an arrange-
ment in a mobile terminal. In particular, it relates to the provision of acknowledgement feedback to a base station,
concerning the reception status of data packets previously received from the base station.

BACKGROUND

[0002] A key requirement on Long Term Evolution (LTE) in 3GPP Wireless Communications Systems is frequency
flexibility for transmissions between a radio base station and a mobile terminal over a radio link. For this purpose, carrier
bandwidths between 1.4 MHz and 20 MHz are supported, as is both Frequency Division Duplex (FDD) and Time Division
Duplex (TDD), so that both paired and unpaired frequency spectrum can be used. For FDD, the downlink, i.e. the link
from a base station to a mobile terminal, and uplink, i.e. the link from a mobile terminal to a base station, use different
frequencies so called "paired frequency spectrum" and can hence transmit simultaneously. For TDD, uplink and downlink
use the same frequency "unpaired" frequency spectrum" and cannot transmit simultaneously. Uplink and downlink can
however share the time in a flexible way, and by allocating different amounts of time, such as the number of subframes
of a radio frame, to uplink and downlink, it is possible to adapt to asymmetric traffic and resource needs in uplink and
downlink.
[0003] The above asymmetry also leads to a significant difference between FDD and TDD. Whereas for FDD, the
same number of uplink and downlink subframes is available during a radio frame, for TDD the number of uplink and
downlink subframes may be different. In LTE time is structured into radio frames of 10 ms duration, and each radio frame
is further divided into 10 subframes of 1 ms each. One of many consequences of this is that in FDD, a mobile terminal
can always send feedback in response to a data packet in an uplink subframe subject to a certain fixed processing delay.
In other words, every downlink subframe can be associated to a specific later uplink subframe for feedback generation
in way that this association is one-to-one, i.e. to each uplink subframe is associated exactly one downlink subframe. For
TDD however, since the number of uplink and downlink subframes during a radio frame may be different, it is in general
not possible to construct such one-to-one association. For the typical case with more downlink subframes than uplink
sub-frames, it is rather so that feedback from several downlink subframes requires to be transmitted in each uplink
subframe.
[0004] In LTE, a radio frame of 10 ms duration is divided into ten subframes, wherein each subframe is 1 ms long. In
case of TDD, a subframe is either assigned to uplink or downlink, i.e. uplink and downlink transmission cannot occur at
the same time. Furthermore, each 10 ms radio frame is divided into two half-frames of 5 ms duration where each half-
frame consists of five subframes as shown in Figure 1a.
[0005] The first subframe of a radio frame is always allocated to downlink transmission. The second subframe is split
into three special fields, Downlink Pilot Time Slot (DwPTS), Guard Period (GP) and Uplink Pilot Time Slot (UpPTS), with
a total duration of 1 ms.
[0006] UpPTS is used for uplink transmission of sounding reference signals and, if so configured, reception of a shorter
random access preamble. No data or control signalling can be transmitted in UpPTS.
[0007] GP is used to create a guard period between periods of downlink and uplink subframes and may be configured
to have different lengths in order to avoid interference between uplink and downlink transmissions and is typically chosen
based on the supported cell radius. Thus a large cell may benefit from a longer guard period as the signal propagation
time becomes longer for signals sent over longer distances.
[0008] DwPTS is used for downlink transmission much like any other downlink subframe with the difference that it has
shorter duration.
[0009] Different allocations of the remaining subframes to uplink and downlink transmission are supported, both allo-
cations with 5 ms periodicity in which the first and second half-frame have identical structure, and allocations with 10
ms periodicity for which the half-frames are organized differently. For certain configurations, the entire second half-frame
is assigned to downlink transmission. Currently supported configurations use 5 ms periodicity as illustrated in Figure
1b and 10 ms periodicity as depicted in Figure 1c. In case of 5 ms periodicity, the ratio between downlink and uplink
may e.g. be 2/3, 3/2, 4/1, etc. In case of 10 ms periodicity, the ratio between downlink and uplink may e.g. be 5/5, 7/3,
8/2, 9/1 etc.
[0010] In the downlink of LTE, Orthogonal Frequency Division Multiplex (OFDM) with a subcarrier spacing of 15 kHz
is used. In the frequency dimension the subcarriers are grouped into resource blocks, each containing twelve consecutive
subcarriers. The number of resource blocks depends on the system bandwidth, and the minimum bandwidth corresponds
to six resource blocks. Depending on the configured cyclic prefix length, a 1 ms subframe contains either 12 or 14 OFDM
symbols in time. The term resource block is also used to refer to the two-dimensional structure of all OFDM symbols
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within a half subframe. The special downlink subframe DwPTS has a variable duration, and can assume lengths of 3,
9, 10, 11 or 12 OFDM symbols for the case with normal cyclic prefix, and 3, 8, 9 or 10 symbols for the case with extended
cyclic prefix.
[0011] In the uplink of LTE, Single-Carrier Frequency-Division Multiple Access (SC-FDMA), also referred to as Discrete
Fourier Transform (DFT)-pre-coded OFDM is used. The underlying two-dimensional (time and frequency) numerology
is the same in terms of subcarrier spacing, cyclic prefix lengths and number of OFDM symbols. The major difference is
that modulated data symbols to be transmitted in certain OFDM symbols are subject to a DFT and the outputs of the
DFT are mapped to the subcarriers.
[0012] In order to improve performance of transmission in both the downlink and uplink direction, LTE uses Hybrid
Automatic Repeat Request (HARQ). The basic idea of HARQ, for downlink transmission, is that after receiving data in
a downlink subframe the terminal attempts to decode it and then reports to the base station whether the decoding was
successful by sending an acknowledgement (ACK) or unsuccessful by sending a negative acknowledgement (NAK). In
the latter case of an unsuccessful decoding attempt, the base station thus receives a NAK in a later uplink subframe,
and can retransmit the erroneously received data.
[0013] Downlink transmissions are dynamically scheduled, i.e. in each subframe the base station transmits control
information on which terminals are to receive data and upon which resources in the current downlink subframe. Such a
control information message to a terminal is referred to as a downlink assignment. A downlink assignment thus contains
information to the terminal about in which resources a subsequent data will be sent, and also information necessary for
the terminal to decode the subsequent data, such as modulation and coding scheme. By resources is here meant some
set of resource blocks. This control signalling is transmitted in the first 1, 2 or 3 OFDM symbols in each subframe. The
data sent to a terminal in a single downlink subframe is often referred to as a transport block.
[0014] A terminal may thus listen to the control channel, and if it detects a downlink assignment addressed to itself, it
may try to decode the subsequent data. It may also generate feedback in response to the transmission, in the form of
an ACK or a NAK depending on whether the data was decoded correctly or not. Furthermore, from the control channel
resources on which the assignment was transmitted by the base station, the terminal may determine the corresponding
uplink control channel resource.
[0015] For LTE FDD the terminal may in response to a detected downlink assignment in subframe n, send an ACK/NAK
report in uplink subframe n+4. For the case with so-called Multiple In Multiple Out (MIMO) multi-layer transmission, two
transport blocks are transmitted in a single downlink subframe, and the terminal will respond with two ACK/NAK reports
in the corresponding uplink subframe.
[0016] The assignment of resources to the terminals is handled by the scheduler, which takes into account traffic and
radio conditions so as to use the resources efficiently while also meeting delay and rate requirements. Scheduling and
control signalling may be done on a subframe to subframe basis. Currently there is no dependency between the downlink
assignments sent in the different downlink subframes, i.e. each downlink subframe is scheduled independently of others.
[0017] As described above, the first step for a terminal to receive data from the base station in a downlink subframe
is to detect a downlink assignment in the control field of a downlink subframe. In the case that the base station sends
such an assignment but the terminal fails to decode it, the terminal obviously cannot know that is was scheduled and
will hence not respond with an ACK/NAK in the uplink. This situation is referred to as a missed downlink assignment.
The lack of acknowledgement is sometimes referred to as a Disrupted Transmission (DTX).
[0018] If the absence of an ACK/NAK can be detected by the base station, it can interpret such absence of an ACK/NAK
as a missed downlink assignment which may initiate subsequent retransmissions. Typically the base station may at
least retransmit the missing packet, but it may also adjust some other transmission parameters.
[0019] For FDD a terminal can always respond to a downlink data transmission with an ACK/NAK after a fixed delay
of 4 subframes, while for TDD there is not a one-to-one relation between uplink and downlink subframes. This was
discussed above. Thus the terminal cannot always send an ACK/NAK in response to a downlink assignment in subframe
n in uplink subframe n+4, since this subframe may not be allocated to uplink transmission. Hence each downlink subframe
may be associated with a certain uplink subframe subject to a minimum processing delay, meaning that ACK/NAKs in
response to downlink assignments in subframe n are reported in subframe n+k with k>3. Furthermore, if the number of
downlink subframes is larger than the number of uplink subframes, ACK/NAKs in response to assignments in multiple
downlink subframes may need to be sent in a single uplink subframe. For a given uplink subframe, the number of
associated downlink subframes depends on the configuration of subframes to uplink and downlink, and can be different
for different uplink subframe configurations, as further illustrated in Table 1.
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[0020] Table 1 illustrates the number of downlink subframes associated with each uplink subframe. Uplink subframes
are marked UL, downlink subframes are marked DL.
[0021] Since downlink assignments can be given independently across downlink subframes, a terminal may be as-
signed downlink transmissions in multiple downlink subframes that are all to be acknowledged in a single uplink subframe.
Thus the number of assigned downlink subframes may exceed the number of uplink subframes. Hence the uplink control
signalling needs to support, in some way, feedback of ACK/NAKs from multiple downlink transmissions from a terminal
in a given uplink subframe, such as is illustrated in Figure 1d. In the example depicted in Figure 1d, four ACK/NAKs in
response to downlink transmission in four downlink subframes are to be reported in one single uplink subframe.
[0022] In the uplink, DFT-precoded OFDM, also referred to as SC-FDMA is used. A subframe contains two slots with
6 or 7 symbols per slot. In each slot, one symbol is used for transmission of demodulation reference signals and the
other symbols may be used for data transmission and control transmission.
[0023] Data to be transmitted on the PUSCH is channel coded, scrambled, modulated and then divided into blocks of
M symbols, where M is the number of subcarriers allocated in a slot. Each block of M symbols is then subject to a DFT
and then, mapped to the carriers used in each slot.
[0024] Furthermore, when data is transmitted in the uplink on the PUSCH, control signalling such as ACK/NAK feedback
replaces some of the data symbols, this since the control channel and data channel cannot be used simultaneously due
to the single carrier property which is important to ensure good uplink coverage. This may be referred to as multiplexing
data and control before the DFT and interpreted as a form of time multiplexing. When it comes to ACK/NAK feedback,
the encoded ACK/NAK bits may simply replace the data in certain positions, typically close to the reference signals (RS)
in order to achieve good performance also at high speeds which cause channel variations.
[0025] Figure 1e illustrates multiplexing of data and ACK/NAK control on the Physical Uplink Control Channel (PUCCH)
for a case with normal CP. A block of data is generated by mapping the output of a Fast Fourier Transform (FFT) of a
block of modulated symbols to a set of subcarriers. In certain symbols, part of the data symbols are replaced by control
information, such as encoded ACK/NAK bits before the corresponding DFT and mapping to subcarriers.
[0026] The number of bits, or symbols, taken from the data parts and allocated for transmission of ACK/NAK control
information is determined from the modulation and coding scheme used for the data as well as a configurable offset.
Hence, it is possible for the eNodeB to control the number of bits allocated for ACK/NAK transmission and the encoded
ACK/NAK bits then simply overwrites the data in the corresponding positions.
[0027] When the terminal is to transmit a single bit of ACK/NAK feedback, it will encode the bit with 0 or 1 and use
repetition coding to construct encoded sequences of appropriate lengths. The encoded ACK/NAK sequences are then
scrambled and modulated so that two constellation points of maximum distance are used. Essentially, this means that
the ACK/NAK effectively uses Binary Phase-Shift Keying (BPSK) modulation, also sometimes referred to as Phase
Reversal Keying (PRK) whereas the other symbols may use Quadrature Phase-Shift Keying (QPSK) or Quadrature
Amplitude Modulation (QAM) such as e.g. 16 QAM or 64 QAM.
[0028] When the terminal is to transmit two bits of ACK/NAK feedback, it will encode the two bits with a (3,2) simplex
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code and then use repetition of the coded bits to construct encoded sequences of appropriate length. The encoded
sequences are then scrambled and modulated so that four constellation points with maximum Euclidian distance is used
for the ACK/NAK transmission. Effectively this means that the ACK/NAK bits are transmitted using QPSK modulation
whereas the data may be transmitted using QPSK, 16 QAM or 64 QAM modulation.
[0029] In short, when the terminal has detected downlink assignments for associated downlink sub-frames, it will
generate ACK/NAK encoded sequence of lengths determined from the modulation and coding scheme and a configurable
offset. It will then replace some of the data symbols with encoded ACK/NAK symbols. When there is no assignment and
hence no ACK/NAK feedback, the terminal will use the corresponding resources for data transmission.
[0030] There is one case that requires some care, and that is when the terminal misses the downlink assignment. The
base station will then expect that the terminal transmits an ACK/NAK whereas the terminal will transmit random data.
The base station will therefore need to perform DTX detection to distinguish between random data and an ACK or NAK.
The target error probability for DTX->ACK, i.e. the probability that data is interpreted as an ACK is around 1e-2, whereas
the target probability that a terminal misses an assignment is around 1e-2 meaning that the probability that the terminal
misses a packet and the eNodeB judges that the data is correctly received by estimating a received ACK is around 1e-
4 which coincides with the target error rate of NAK to ACK i.e. the probability that a NAK is interpreted as an ACK.
[0031] The base station may thus expect an ACK/NAK in certain positions where data is transmitted. For this purpose,
the base station performs DTX detection, in order to distinguish between random data and ACK or NAK.
[0032] DTX detection on PUSCH hence means that the base station needs to distinguish random data from an ACK
or NAK. This may be done by letting the base station correlate the received signals with the different signal alternative
for ACK (and NAK) and comparing with a threshold. For sufficiently large magnitude, an ACK or NAK may be declared.
It requires that the length of the ACK/NAK-sequence is sufficiently long.
[0033] One obvious way to approach the above problem is to allow the terminal to transmit multiple individual ACK/NAK
bits, for each downlink transmission, in a single uplink subframe. Such protocols have however worse coverage than
transmission of one or two ACK/NAK reports. In addition, the more ACK/NAKs that are allowed to be transmitted from
a single terminal, the more control channel resources need to be reserved in the uplink. To improve control signalling
coverage and capacity, it is possible to perform some form of compression, or bundling, of ACK/NAKs. This means that
all ACK/NAKs that are to be sent in a given uplink subframe are combined into a smaller number of bits, such as a single
ACK/NAK report. As an example, the terminal can transmit an ACK only if the transport blocks of all the downlink
subframes were received correctly and hence to be acknowledged. In any other case, meaning that at a NAK for at least
one downlink subframe is to be transmitted, a combined NAK is sent for all downlink subframes. As described above,
to each uplink subframe in TDD a set of downlink subframes can be associated rather than a single subframe as in FDD,
for which downlink transmissions are to be given ACK/NAK response in the given uplink subframe. In the context of
bundling this set is often referred to as the bundling window.
[0034] Figure 1f and Figure 1g illustrates two different uplink (UL): downlink (DL) allocations as an example for how
bundling windows may be used. Uplink subframes contains an upward directed arrow, downlink subframes contains an
downward directed arrow, and DwPTS/ GP/ UpPTS subframes comprises both a downward directed arrow and an
upward directed arrow in Figure 1f and 1g. In the illustrated examples, the number of associated downlink subframes,
K, is different for different subframes as well as for different asymmetries.
[0035] For the 4DL: 1 UL configuration in Figure 1f, the uplink subframe in each half frame is associated with four
downlink subframes, such that K=4.
[0036] For the 3DL: 2UL configuration in Figure 1g, the first uplink subframe in each half frame is associated with two
downlink subframes, thus K=2, while the second is associated with a single DL subframe, K=1.
[0037] Another advantage of bundling is that it allows reusing the same control channel signalling formats as for FDD,
independently of the TDD uplink/downlink asymmetry. The disadvantage is a loss in downlink efficiency. If the base
station receives a NAK it cannot know how many and which downlink subframes were received erroneously and which
were received correctly. Hence it may need to retransmit all of them.
[0038] A problem with ACK/NAK bundling is that a terminal may miss a downlink assignment, which may not be
indicated in the bundled response. For instance, assume that the terminal was scheduled in two consecutive downlink
subframes. In the first subframe the terminal misses the scheduling downlink assignment and will not be aware that it
was scheduled, while in the second subframe it did successfully receive the data. The terminal will, as a result, transmit
an ACK, which the base station will assume holds for both subframes, including data in subframe the terminal was not
aware of. As a result, data will be lost.
[0039] The lost data needs to be handled by higher-layer protocols, which typically takes a longer time than HARQ
retransmissions and is less efficient. In fact, a terminal will not transmit any ACK/NAK in a given uplink subframe only
if it missed every downlink assignment that was sent during the bundling window associated with the uplink subframe.
[0040] For this reason, a Downlink Assignment Index (DAI) which represents the minimum number of previous and
future assigned downlink subframes within the bundling window may be introduced. The terminal may, when receiving
multiple downlink assignments, count the number of assignments and compare it with the signalled number in the DAI
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to see whether any downlink assignment has been missed. In the case that the scheduler is purely causal, the DAI only
represents the number of previously assigned downlink subframes within the bundling window. For the case with
ACK/NAK feedback on the uplink control channel PUCCH, which is used when there is no data to transmit in the uplink,
the terminal may select a PUCCH feedback channel associated with last received/detected downlink assignment and
in this way signal to the base station which was the last received downlink assignment. The base station may then detect
if the terminal has missed any downlink assignments, in the end of the bundling window.
[0041] Alternatively, the base station scheduler may perform a partial scheduling of future downlink subframes within
the bundling window and indicate to the terminal whether it will also receive one or more additional assignment in addition
to the number of previously assigned subframes. Hence, the DAI then represents the number of previous assignments
plus at least one more for the case that at least one more downlink subframe will be assigned. The terminal will then
know by inspecting the DAI of the last received downlink assignment not only the number of previous subframes but
also whether there will be at least one more. Hence, the DAI contain the sum of the previous assignments plus the
minimum number of future assignments.
[0042] A third alternative, in addition to the two previously mentioned alternatives is to signal the total number of
downlink subframes within the bundling window. The three mentioned alternative uses of the DAI are illustrated in Figure
1h.
[0043] An alternative solution to handle missed downlink assignments may be to signal in the uplink the number of
received downlink assignments in addition to the bundled ACK/NAK. The base station, which has knowledge of the
number of assigned downlink subframes, can then compare the reported number of subframes to judge whether the
terminal has missed one or more assignments.
[0044] One candidate solution for multiple ACK/NAK transmission on PUCCH is to employ PUCCH resource selection.
Each PUCCH format 1 a or 1 b resource can carry 1 or 2 bit of information with BPSK or QPSK modulation. Assuming
that the terminal has received D downlink subframes and that associated with each received downlink subframe it can
determine a PUCCH format 1b resource, which can carry 1 or 2 bits. Then in total the terminal can by selecting resource,
and the bits carried on the resource signal, in total up to 4D different messages, assuming PUCCH format 1b with QPSK
modulation. For PUCCH format 1a with BPSK modulation, there are up to 2D resources. Each such message can
represent a combination of ACK/NAK/DTX for the D different subframes. With D=4, there are 16 messages which is
enough to convey 4 bits of information representing for example ACK or NAK/DTX of four different subframes. In fact,
4D +1 signal alternatives are possible in total since an additional alternative is to not send anything at all from the terminal,
i.e. a disrupted transmission DTX.
[0045] For PUSCH, there is currently no agreed solution.
[0046] Thus, a missed downlink assignment will in general result in block errors that need to be corrected by higher-
layer protocols, which in turn has a negative impact on performance in terms of throughput and latency. Also, increasing
the delay may cause undesirable interactions with Transmission Control Protocol (TCP) based applications.
[0047] To be able to handle all error case for ACK/NAK bundling, in particular when the bundled ACK/NAK is transmitted
on PUSCH, the scheduler needs to account for future assignments within the bundling window. This may however be
challenging, from a scheduler implementation view, and may bring a latency increase. This since scheduling of not only
one subframe, but at least partially also one future subframe, requires more processing time and also access to HARQ
feedback which may not be available. A preferred solution is thus to use the DAI so that it only contains a counter of the
number of previous assigned subframes.
[0048] When it comes to ACK/NAK bundling, there is a problematic case, namely when the bundled ACK/NAK is to
be transmitted on the data channel PUSCH, time multiplexed with the data. The terminal can then not indicate to the
terminal by means of selecting a PUCCH channel for the ACK/NAK which was the last received downlink assignment.
Hence, the scheduling may then be non-causal in the sense that the DAI contain information on future assignments.
[0049] When it comes to multiplexing of multiple ACK/NAKs, a problem is that currently only feedback of 1 and 2 bits
of ACK/NAK feedback is defined and there is no solution for more than three bits.
[0050] 3 GPP TS 36.211 V8.3.0 (2008-05) discloses a known method for scrambling acknowledgements.

SUMMERY

[0051] It is therefore an object of the present invention to provide a mechanism for improving the performance in a
communication system, as disclosed in the appended claims.
[0052] Thanks to the application of a scrambling code to the ACK/NAK, the base station can avoid, or at least reduce
the probability for, misinterpretation of a non-acknowledgement for an acknowledgement, or vice versa. Thereby the
risk of loosing information and/ or resending correctly received information is reduced. Thus the performance of the
communication system is improved.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0053] The invention is described in more detail with reference to attached drawings illustrating exemplary embodiments
of the invention and in which:

Figure 1a is a schematic block diagram illustrating a radio frame according to prior art.

Figure 1b is a schematic block diagram illustrating allocation of subframes according to prior art.

Figure 1c is a schematic block diagram illustrating allocation of subframes according to prior art.

Figure 1d is a schematic block diagram illustrating uplink acknowledgement in response to four downlink subframes
according to prior art.

Figure 1e is a schematic block diagram illustrating multiplexing of data and ACK/NAK control on PUCCH, according
to prior art.

Figure 1f is a schematic block diagram illustrating association of downlink subframes with an uplink subframe for an
uplink/downlink allocation according to prior art.

Figure 1g is a schematic block diagram illustrating association of downlink subframes with an uplink subframe for
another uplink/downlink allocation according to prior art.

Figure 1h is a schematic block diagram illustrating association of downlink subframes with an uplink subframe for
uplink/downlink allocation according to prior art.

Figure 2 is a schematic block diagram illustrating embodiments of a wireless communication system.

Figure 3 is a schematic block diagram illustrating embodiments of an association of downlink subframes with an
uplink subframe for an uplink/downlink allocation.

Figure 4 is a combined signalling and flowchart illustrating radio signal transmission according to some embodiments.

Figure 5 is a flow chart illustrating embodiments of a method in a terminal.

Figure 6 is a schematic block diagram illustrating embodiments of a terminal arrangement.

Figure 7 is a flow chart illustrating embodiments of a method in a base station.

Figure 8 is a schematic block diagram illustrating embodiments of a base station arrangement.

DETAILED DESCRIPTION

[0054] The invention is defined as a method and an arrangement in a base station and a method and an arrangement
in a terminal, which may be put into practice in the embodiments described below. This invention may, however, be
embodied in many different forms and is not to be considered as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will be thorough and complete, and convey the scope of the
invention to those skilled in the art.
[0055] Still other objects and features of the present invention may become apparent from the following detailed
description considered in conjunction with the accompanying drawings. It is to be understood, however, that the drawings
are designed solely for purposes of illustration and not as a definition of the limits of the invention, for which reference
is to be made to the appended claims. It is further to be understood that the drawings are not necessarily drawn to scale
and that, unless otherwise indicated, they are merely intended to conceptually illustrate the structures and procedures
described herein.
[0056] Figure 2 depicts a wireless communication system 100, such as e.g. the E-UTRAN, LTE, LTE-Adv, 3rd Gen-
eration Partnership Project (3GPP) WCDMA system, Global System for Mobile communications/Enhanced Data rate
for GSM Evolution (GSM/EDGE), Wideband Code Division Multiple Access (WCDMA), Worldwide Interoperability for
Microwave Access (WiMax), or Ultra Mobile Broadband (UMB). The communication system 100 may use TDD and
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comprises a base station 110 and a terminal 120 adapted to communicate with each other over a TDD radio channel
130 within a cell 140.
[0057] The base station 110 may be referred to as e.g. a NodeB, an evolved Node B (eNode B), a base transceiver
station, Access Point Base Station, base station router, or any other network unit capable to communicate with the
terminal 120 over the radio channel 130 depending e.g. of the radio access technology and terminology used. In the
rest of the description, the term "base station" will be used for the base station 110, in order to facilitate the comprehension
of the present methods and arrangements.
[0058] The terminal 120 may be represented by e.g. a wireless communication terminal, a mobile cellular phone, a
Personal Digital Assistant (PDA), a user equipment (UE), a laptop, a computer or any other kind of device capable to
communicate with a base station over the radio channel 130.
[0059] The base station 110 may use HARQ and ACK/NAK bundling, at least for certain uplink subframes, for trans-
mitting data packets over the radio channel 130. The data packets are transported in transport blocks within subframes
over the radio channel 130. For this purpose, the base station 110 schedules a number of subframes to be transmitted
to the terminal 120. If a NAK message is received from the terminal 120, or a DTX is detected, the base station 110 may
retransmit the non-acknowledged subframes until they have been acknowledged by the terminal 120 or until a time
period expires, which time period may be a pre-determined time period.
[0060] For a given uplink subframe, a number of downlink subframes, denoted K, transmitted from the base station
110 to the terminal 120 may be associated according to some embodiments. However, in some embodiments, a downlink
control channel may carry a downlink assignment in each downlink subframe being associated with a certain uplink
control channel resource. In an exemplary case, ACK/NAKs from up to K downlink subframes may be bundled into one
uplink single subframe, i.e. such that the bundling window comprises K downlink subframes. The downlink subframes
may be numbered from 1 to K. Within this set of subframes, the base station 110 may assign downlink transmissions
to a given a terminal 120. The number of assigned subframes, k’ can be between 0 and K.
[0061] Figure 3 illustrates embodiments of an association of downlink subframes with an uplink subframe for an
uplink/downlink allocation. Thus each downlink subframe is associated with an uplink subframe for two different UL: DL
allocations. In the depicted example, the number of associated downlink subframes, K, is different for different subframes
as well as for different asymmetries. For the 3DL: 2UL configuration at the bottom, the first uplink subframe in each half
frame is associated with two downlink subframes (K=2), while the second is associated with a single downlink subframe
(K=1).
[0062] The downlink control channel which carries the downlink assignment in each downlink subframe is associated
with a certain uplink control channel resource. For example, according to some embodiments, the case when ACK/NAKs
from K downlink subframes are to be bundled into an uplink single subframe, i.e. the bundling window comprices K
downlink subframes, and number the downlink subframes from 1 to K. Two non limiting examples are illustrated in Figure
3 for facilitating the understanding of the present method.
[0063] The terminal 120 may attempt to decode downlink assignments in each downlink subframe, and can hence
keep track of the number of detected downlink assignments during the bundling window. For each downlink subframe
in which the terminal 120 receives a downlink assignment, a counter counting the number of received downlink assign-
ments may be incremented.
[0064] The terminal 120 may further attempt to decode the transport blocks in the downlink sub-frames in which it has
detected a downlink assignment and by means of a Cyclic Redundancy Check (CRC) estimate whether the transport
block is correctly received or not.
[0065] The terminal 120 may further compare the counter on the number of received downlink assignments with a
DAI signalled from the base station 110, if such is signalled, to determine at least if any previous downlink subframe has
been missed or not, according to some embodiments.
[0066] For the case that the terminal 120 knows it has missed at least one downlink assignment, it may choose to
respond with a discontinuous transmission (DTX), which means that no response is given. The terminal 120 may alter-
natively respond with a NAK in this case. Further, if the decoding of at least one of transport block failed, it may also
generate a NAK, or possibly respond with DTX and hence transmit only data and no ACK/NAK. Furthermore, for the
case that all detected transport blocks in the detected subframes were successfully received by the terminal 120, an
ACK may be generated. Furthermore, the terminal 120 also knows how many subframes, or transport blocks, that were
successfully received, according to some embodiments.
[0067] Briefly described the present solution may be summarized in the following way: a plurality of scrambling se-
quences for scrambling of the encoded ACK/NAK sequences is defined. These scrambling sequences may be applied
to the ACK/NAK sequences either in ACK/NAK bundling mode or in ACK/NAK multiplexing mode. In ACK/NAK bundling
mode, the terminal 120 may select the scrambling sequence based on either the subframe number of the last received
downlink subframe, or the total number of received downlink subframes within the bundling window. In ACK/NAK mul-
tiplexing mode, the terminal 120 may encode information by selecting the 1 or 2 coded bits as well as the scrambling
code. With D scrambling codes, up to 4D different messages representing ACK/NAK feedback may be transmitted.
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These different ways of selecting scrambling code are here presented and discussed more in detail:

ACK/NAK bundling mode, selecting scrambling code based on last received DL sub-frame number, single 
ACK/NAK bit

[0068] When operating in ACK/NAK bundling mode, the terminal 120 may encode the ACK or NAK with 0 and/or 1,
perform repetition coding to generate a sequence with the correct length N and then select a scrambling code based
on the subframe number of the last received downlink subframe, which subframe number may be denoted k. Hence for
the case that there are K subframes associated with the uplink subframe, then there can be K different scrambling codes.
For the case that there are L < K scrambling codes, the same scrambling code may be used for several different last
received downlink subframe numbers.
[0069] The different scrambling codes may be constructed from shorter lengths. Orthogonal codes may be used with
a particular advantage, e.g. to achieve a minimum Hamming distance which is as long as possible, i.e. such that the
minimum Hamming distance between all the code words in the code set achieves the Plotkin bound, which is the longest
Hamming distance that may be achieved. Thus the error rate, i.e. the risk of misinterpreting an ACK for an NAK may be
reduced.
[0070] For example, four orthogonal codes of length four may be taken from the columns of the size 4 Hadamard
matrix. Then the sequences may be repeated a suitable number of times to align with the length of the encoded ACK/NAK
sequence. It may also be possible to generate other forms of sequences, for example long pseudo random sequences
with low cross correlation properties, or sequences as a function of the length N.
[0071] It may be possible to modify the way N, the length of the encoded ACK/NAK sequence, is determined as a
function of the MCS and a configurable offset so that it is a multiple of four and/or with a minimum length of four to
guarantee that the scrambling codes are orthogonal.
[0072] The base station 110 may then descramble and attempt to decode the corresponding ACK/NAK bits, for example
with the scrambling code that corresponds to the last assigned downlink subframe. If there is a mismatch between the
scrambling codes used by the base station 110 and the terminal 120, for example in the sense that the terminal 120
missed the last received downlink assignment, then the scrambling codes may be chosen so that the descrambled data
is even less correlated with the possible ACK/NAK waveform as compared with the case based on random data. The
scrambling codes may thus be chosen to make the transmitted ACK/NAKs appear as random data when there is a
mismatch. This is similar to the case that the terminal 120 responds with DTX, no ACK/NAK transmission that is, after
having detected from the DAI that at least one downlink subframe has been missed. Thereby the base station 110 may
be triggered to initiate a resending, in the belief of having detected a DTX.
[0073] As a non limiting example, it may be assumed a set of K orthogonal binary sequences of length K. An example
with K=4 is illustrated in Table 2, which thus illustrates an example of scrambling with short orthogonal scrambling codes.

[0074] Furthermore, the single ACK/NAK bit may have been encoded and repeated so that a sequence q’(0), q’(1),
q’(2), ..., q’(N-1) may be achieved. Then this sequence may be scrambled with the sequence ck() to generate the
scrambled ACK/NAK sequence q(0), q(1), q(2), ..., q(N-1).
[0075] This may be expressed, in an alternative way of describing the present method according to some embodiments:

Table 2

k Scrambling code [ Ck(0) ck(1) Ck(2) Ck(3) ]

1 [1 1 1 1]

2 [1 0 1 0]

3 [1 1 0 0]

4 [1 0 0 1]
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ACK/NAK bundling mode, selecting scrambling code based on the number of received downlink assignments

[0076] This embodiment is similar to the previously described embodiment. Instead of selecting the scrambling code
based on the number of the last received downlink subframe, the terminal 120 selects the scrambling code based on
the number of received downlink assignment.

ACK/NAK when in MIMO operation

[0077] For the case of MIMO operation, there are two bits of HARQ ACK/NAK feedback. The terminal 120 may then
encode them with a length (3, 2) simplex code, and in essence repeat or concatenate a plurality of such length 3 code
words to the appropriate number of encoded bits.
[0078] Similar to the previous embodiments, based on either the last received downlink subframe number or the total
number of received downlink subframes within the bundling window, the terminal 120 may select a scrambling code. To
keep the scrambled encoded sequences orthogonal, the basic short scrambling codes may be extended by first repeating
each element three times, and then repeating the resulting sequence, which is a three times as long sequence, enough
number of times in order to align it with the length of encoded ACK/NAK bits.
[0079] Thus, as an example, the two ACK/NAK bits may have been encoded and repeated so that a sequence q’(0),
q’(1), q’(2), ..., q’(N-1) is generated. Then this generated sequence may be scrambled with the sequence ck(), to generate
the scrambled ACK/NAK sequence as q(0), q(1), q(2), ..., q(N-1).
[0080] This may be expressed, in an alternative way of describing the present method according to some embodiments:

ACK/NAK multiplexing

[0081] Similar to the case with ACK/NAK bundling as described above, there may be, for each of the K downlink
subframes, in principle three possible feedbacks: ACK, NAK or DTX. It may be assumed that for the case with MIMO
transmission that the two ACK/NAKs are combined into a single ACK if both bits are ACK and NAK otherwise. DTX
corresponds to the case that the terminal 120 did not detect any downlink assignment in the corresponding downlink
subframe.
[0082] With K subframes there are then in principle 3^K different possible messages. For the case that no distinction
is made between NAK and DTX; there are 2^K different messages that may be conveyed to the base station 110.
[0083] As a non limiting example, it may be assumed that only a single bit of information may be encoded with a certain
block code and that a selection may be made between L different scrambling codes for scrambling of this bit. Thus 2L
different bits may be signalled by encoding of a single bit and scrambling code selection.
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[0084] For the case that the block code encodes two bits, 4L different messages may be transmitted. Note that this
assumes that the length of the encoded and scrambled bit sequence N is sufficiently long.
[0085] According to some embodiments, each of the 2^K or 3^K different possible decoding results may be associated
with one of the 2L or 4L possible messages. As an example, ACK/NAK feedback of 2 subframes may be transmitted
using a block code which can code only a single bit combined with L=2 different scrambling codes. Then the mapping
may be according to Table 3.

[0086] Table 3 illustrates an example of mapping ACK/NAK of two subframes to a single encoded bit d, and a scrambling
code. For example, if the first subframe is ACK and the second is NAK, then a bit with value d=0 may be encoded and
scrambled with the scrambling code L=2.
[0087] For the case that a block code which encodes two bits d1, d2 into sequences of length N, for example with a
(3,2) simplex code and repetition of code blocks one may transmit ACK/NAKs of three different downlink subframes
using L=3 scrambling codes.
[0088] Figure 4 is a combined signalling and flowchart illustrating radio signal transmission according to some em-
bodiments. The purpose of this illustration is to provide a general overview of the present methods and the functionalities
involved.

Step 410

[0089] The base station 110 transmits data packages in a subframe to the terminal 120. The received subframes may
according to some embodiments be comprised in a bundling window.

Step 420

[0090] The terminal 120 receives the transmitted data. According to some embodiments, the data packages are
decoded within the received subframes in the terminal 120. Then, the subframe number of the last received subframe
may be extracted. A counter, counting the number of received subframes may be incremented for each received subframe.
Thus a comparison may be made between the extracted subframe numbers and the counted received number of
subframes, in order to establish if any subframes expected to be received, are missing.
[0091] The detection of missed subframes may optionally comprise receiving an index, which index is associated to
the number of subframes comprised within the bundling window, and comparing the received index value with the number
of counted received subframes, according to some embodiments.
[0092] Further, it may be established if any data package within a received subframe is incorrectly received. The step
of establishing whether any data packet within the received subframe is not correctly received may according to some
embodiments comprise performing a Cyclic Redundancy Check (CRC) on the received data and comparing the result
of the CRC with a received checksum, associated with the received data and computed by the base station 110 before
sending the data.
[0093] Thus acknowledgement information ACK/NAK may be generated at the terminal 120. The acknowledgement
information may be a positive confirmation of a correct transmission, ACK. Further, the acknowledgement information
may be a negative acknowledgement, NAK, comprising an indication of that either some data package has not been
received correctly, or any subframe expected to be received, has been missed.
[0094] If the terminal 120 miss all the subframes that has been sent to it from the base station 110, the result is a
disruption of transmission DRX.
[0095] The generated acknowledgement information ACK/NAK may further be encoded with a length simplex code
to achieve appropriate length of the acknowledgement information before performing the scrambling with the selected
scrambling code. Then, a scramble code may be selected such that the acknowledgement information ACK/NAK may
be scrambled with the selected scramble code.

Table 3

ACK/NAK of the two subframes Scrambling code, encoded bit

AA L=2, d=1

AN L=2, d=0

NA L=1, d=1

NN L=1, d=0
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Step 430

[0096] The generated and scrambled acknowledgement information ACK/NAK is transmitted to the base station 110.

Step 440

[0097] The base station 110 receives the scrambled acknowledgement information ACK/NAK from the terminal 120.
Further, a scramble code may be obtained. The obtained scramble code may be used for descrambling the received
scrambled acknowledgement information ACK/NAK. When the acknowledgement information ACK/NAK is descrambled,
it may be determined if the acknowledgement information is a positive acknowledgement ACK. If it is, the sending may
proceed with the sending of the subsequent subframes, if there is more data to send to the terminal 120. Otherwise, a
resending may be performed in step 450.

Step 450

[0098] Step 450 is optional and may only be performed if a negative acknowledgement NAK is received, or DRX
detected. The data for which no positive acknowledgement ACK has been received may be resent to the terminal 120.
[0099] Figure 5 is a flow chart illustrating embodiments of method steps 501-506 performed in a terminal 120. The
method aims at providing acknowledgement information or non-acknowledgement information ACK/NAK to a base
station 110, concerning the reception status of data packets received in a subframe from the base station 110. The
terminal 120 may be e.g. a mobile terminal, such as e.g. a mobile cellular telephone. It may be assumed that for the
case with MIMO transmission that the two ACK/NAKs may be combined into a single ACK if both bits are ACK. Otherwise,
if at least one bit is NAK, the two ACK/NAKs may be combined into a single NAK, or alternatively, a DTX.
[0100] To appropriately provide feedback to the base station 110 concerning the reception status of received data
packets, the method may comprise a number of method steps 501-506.
[0101] It is however to be noted that some of the described method steps are optional and only comprised within some
embodiments. Further, it is to be noted that the method steps 501-506 may be performed in any arbitrary chronological
order and that some of them, e.g. step 501 and step 505, or even all steps may be performed simultaneously or in an
altered, arbitrarily rearranged, decomposed or even completely reversed chronological order. The method may comprise
the following steps:

Step 501

[0102] ACK/NAK to be sent to the base station 110 is generated.
[0103] The generated ACK/NAK may be an ACK, confirming that all data packages within the received subframes
have been correctly received and that no subframe, expected to be received, has been missed, if it is established that
all data packages within the received subframes have been correctly received and detected that no subframe, expected
to be received, has been missed.
[0104] According to some embodiments, the step of generating ACK/NAK comprises generating a NAK confirming
that all data packages within the received subframes have not been correctly received and/or that at least some subframe,
expected to be received, has been missed, if it is established that all data packages within the received subframes have
not been correctly received and/or detected that at least some subframe, expected to be received, has been missed.
[0105] According to some embodiments, the ACK/NAK may be sent concerning all the subframes comprised within
an optional bundling window.
[0106] The ACK/NAK may be encoded with a length simplex code to achieve appropriate length of the ACK/NAK
before performing the scrambling with the selected scrambling code, according to some optional embodiments.

Step 502

[0107] This step is optional and may only be performed within some embodiments. The subframe number of the last
received subframe may be extracted.

Step 503

[0108] This step is optional and may only be performed within some embodiments. The number of received subframes
from the base station 110 may be counted.
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Step 504

[0109] A scrambling code is selected. The scrambling code may optionally be an orthogonal code.
[0110] The selection of the scrambling code may optionally be performed based on the extracted last received subframe
number.
[0111] The selection of the scrambling code may however according to some embodiments be performed based on
the total number of received subframes.
[0112] However, the selection of the scrambling code may further according to some embodiments be performed
based on the acknowledgement information to be sent to the base station 110. Thus, feedback concerning a plurality
of received subframes may be generated by combining the generated ACK/NAK with the selection of scrambling code.

Step 505

[0113] The generated ACK/NAK is scrambled with the selected scrambling code.
[0114] The step of scrambling the selected scrambling code with the ACK/NAK may according to some embodiments
comprise adding the selected scrambling code to the generated ACK/NAK using modula-2 addition.
[0115] However, according to some embodiments, the step of scrambling the selected scrambling code with the
ACK/NAK may comprise associating the selected scrambling code with the generated ACK/NAK by means of a lookup
table.

Step 506

[0116] The scrambled ACK/NAK is sent to the base station 110. The sending is performed in order to provide feedback
to the base station 110 concerning the reception status of the data packets within the received subframes.
[0117] Figure 6 schematically illustrates an arrangement 600 in a terminal 120. The terminal 120 may be a mobile
terminal such as e.g. a mobile phone. The arrangement 600 is adapted to receive data packets from a base station 110
and provide acknowledgement information or non-acknowledgement information ACK/NAK to a base station 110 con-
cerning the reception status of data packets received in a subframe from the base station 110. Further the arrangement
600 is adapted to perform the method steps 501-506.
[0118] In order to perform the method steps 501-506, the arrangement 600 comprises a plurality of units such as e.g.
a generating unit 601. The generating unit 601 is adapted to generate ACK/NAK to be sent to the base station 110.
Further, the arrangement 600 also comprises a selecting unit 604. The selecting unit 604 is adapted to select a scrambling
code. Further yet, the arrangement 600 additionally also comprises a scrambling unit 605. The scrambling unit 605 is
adapted to scramble the selected scrambling code with the ACK/NAK. The arrangement 600 also, in further addition
comprises a sending unit 606. The sending unit 606 is adapted to send the scrambled ACK/NAK to the base station 110
in order to provide feedback to the base station 110 concerning the reception status of the data packets within the
received subframes.
[0119] Optionally, the arrangement 600 also may comprise a receiver unit 610. The receiver unit 610 is adapted to
receive data packets from the base station 110 in a subframe. Also, the arrangement 600 further may comprise an
establishing unit 612. The establishing unit 612 is adapted to establish whether any data packet within the received
subframe is correctly received or not. Still further, the arrangement 600 additionally may comprise a detecting unit 611.
The detecting unit 611 is adapted to detect whether any subframe, expected to be received, has been missed. The
arrangement 600 further also may comprise a processing unit 620. The processing unit 620 may be represented by e.g.
a Central Processing Unit (CPU), a processor, a microprocessor, or other processing logic that may interpret and execute
instructions. The processing unit 620 may perform all data processing functions for inputting, outputting, and processing
of data including data buffering and device control functions, such as call processing control, user interface control, or
the like.
[0120] It is to be noted that any internal electronics of the terminal 120 not completely necessary for performing the
present method according to the method steps 501-506 has been omitted from Figure 6, for clarity reasons. Further, it
is to be noted that some of the described units 601-640 comprised within the arrangement 600 in the terminal 120 are
to be regarded as separate logical entities but not with necessity separate physical entities. To mention just one example,
the receiving unit 610 and the sending unit 606 may be comprised or co-arranged within the same physical unit, a
transceiver, which may comprise a transmitter circuit and a receiver circuit, which transmits outgoing radio frequency
signals and receives incoming radio frequency signals, respectively, via an antenna. The antenna may be an embedded
antenna, a retractable antenna or any antenna known to those having skill in the art without departing from the scope
of the present invention. The radio frequency signals transmitted between the terminal 120, the base station 110 may
comprise both traffic and control signals e.g. paging signals/ messages for incoming calls, which may be used to establish
and maintain a voice call communication with another party or to transmit and/or receive data, such as SMS, e-mail or
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MMS messages, with a remote terminal.
[0121] Figure 7 is a flow chart illustrating embodiments of method steps 701-705 performed in a base station 110.
The method aims at receiving acknowledgement information or non-acknowledgement information ACK/NAK from a
terminal 120 concerning the reception status of data packets previously sent in a subframe to that terminal 120.
[0122] To appropriately send data packets and receive ACK/NAK from the terminal 120 concerning the reception
status of the sent data packets, the method may comprise a number of method steps 701-705.
[0123] It is to be noted that the method steps 701-705 may be performed in any arbitrary chronological order and that
some of them, e.g. step 703 and step 704, or even all steps 701-705 may be performed simultaneously or in an altered,
arbitrarily rearranged, decomposed or even completely reversed chronological order. The method may comprise the
following steps:

Step 701

[0124] Scrambled ACK/NAK is received from the terminal 120.

Step 702

[0125] A scrambling code is selected.

Step 703

[0126] The received scrambled ACK/NAK is descrambled, using the selected scrambling code.

Step 704

[0127] It is determined if the descrambled ACK/NAK comprises an affirmation, confirming that all data packages within
the sent subframes have been correctly received by the terminal 120 and that no subframe, expected to be received by
the terminal 120, has been missed.

Step 705

[0128] The previously sent data packets are resent within the subframes associated with the descrambled ACK/NAK,
if it could not be determined that the ACK/NAK comprises an affirmation, confirming a correct reception of all data
packages within the sent subframes, and that no subframe, expected to be received by the terminal 120 has been missed.
[0129] Figure 8 schematically illustrates an arrangement 800 in a in a base station 110. The arrangement 800 is
adapted to send data packets to a terminal 120. The data packages may be sent e.g. by means of a wireless radio
transmission. The terminal 120 may be a mobile terminal such as e.g. a mobile phone. Further, the arrangement 800 is
adapted for receiving acknowledgement information or non-acknowledgement information ACK/NAK from a terminal
120 concerning the reception status of data packets previously sent in a subframe to the terminal 120. In addition, the
arrangement 800 is adapted to perform the method steps 701-705.
[0130] In order to perform the method steps 701-705, the arrangement 800 comprises a plurality of units such as e.g.
a receiving unit 801. The receiving unit 801 is adapted to receive scrambled ACK/NAK from the terminal 120. Also, the
arrangement 800 further comprises a selecting unit 802. The selecting unit 802 is adapted to select a scrambling code.
Additionally, the arrangement 800 also comprises a descrambler 803. The descrambler 803 is adapted to descramble
the received scrambled ACK/NAK using the selected scrambling code. Further yet, the arrangement 800 in addition
comprises a determination unit 804. The determination unit 804 is adapted to determine if the descrambled ACK/NAK
comprises an acknowledgement that all data packages within the sent subframes have been correctly received by the
terminal 120 and that no subframe, expected to be received by the terminal 120, has been missed. In addition, the
arrangement 800 comprises a sending unit 805. The sending unit 805 is adapted to send and/or resend data packets
in a subframe to the terminal 120.
[0131] The present mechanism for sending and/or receiving data packets and sending/receiving ACK/NAK acknowl-
edgements may be implemented through one or more processors in the base station arrangement 800 depicted in Figure
8 or a processor in the terminal arrangement 600 depicted in Figure 6, together with computer program code for performing
the functions of the present solution. The program code mentioned above may also be provided as a computer program
product, for instance in the form of a data carrier carrying computer program code for performing the present solution
when being loaded into the base station 110 or the terminal 120. One such carrier may be in the form of a CD ROM
disc. It is however feasible with other data carriers such as a memory stick. The computer program code can furthermore
be provided as pure program code on a server and downloaded to the base station 110 or the terminal 120 remotely.
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[0132] When using the formulation "comprise" or "comprising" it is to be interpreted as nonlimiting, i.e. meaning "consist
at least of". The present invention is not limited to the above described preferred embodiments. Various alternatives,
modifications and equivalents may be used. Therefore, the above embodiments are not to be taken as limiting the scope
of the present invention, which is defined by the appending claims.

Claims

1. Method in a terminal (120) for providing acknowledgement information or non-acknowledgement information,
ACK/NAK, to a base station (110) concerning the reception status of data packets received in a subframe from the
base station (110), the method comprises the steps of:

generating (501) ACK/NAK to be sent to the base station (110),
extracting (502) the subframe number of the last received subframe, and,
selecting (504) a scrambling code, wherein the selection (504) of the scrambling code is based on the extracted
last received subframe number,
scrambling (505) the generated ACK/NAK with the selected scrambling code, and
sending (506) the scrambled ACK/NAK to the base station (110).

2. Method according to claim 1, wherein the step of generating (501) ACK/NAK comprises:

either generating an ACK confirming that all data packages within the received subframes have been correctly
received and/or that no subframe, expected to be received, has been missed,
or generating a NAK confirming that all data packages within the received subframes have not been correctly
received and/or that at least some subframe, expected to be received, has been missed.

3. Method according to any of the claims 1-2, wherein the scrambling code is an orthogonal code.

4. Method according to any of the claims 1-3, wherein the received subframes are comprised in a bundling window
and wherein the ACK/NAK is sent concerning all the subframes comprised within the bundling window.

5. Method according to any of the claims 1-4, wherein feedback concerning a plurality of received subframes is gen-
erated by combining the generated ACK/NAK with the selection of the scrambling code.

6. Method according to any of the claims 1-5, wherein the step of scrambling (505) the ACK/NAK with the selected
scrambling code, comprises adding the selected scrambling code to the generated ACK/NAK using modulo-2 ad-
dition.

7. Method according to any of the claims 1-6, wherein the step of scrambling (505) the ACK/NAK with the selected
scrambling code, comprises associating the selected scrambling code with the generated ACK/NAK by means of
a lookup table.

8. Arrangement (600) in a terminal (120) for providing acknowledgement information or non-acknowledgement infor-
mation, ACK/NAK, to a base station (110) concerning the reception status of data packets received in a subframe
from the base station (110), the arrangement (600) comprises:

a generating unit (601), adapted to generate ACK/NAK to be sent to the base station (110),
an extracting unit, adapted to extract the subframe number of the last received subframe,
a selecting unit (604), adapted to select a scrambling code, wherein the selection of the scrambling code is
based on the extracted last received subframe number,
a scrambling unit (605), adapted to scramble the generated ACK/NAK with the selected scrambling code, and
a sending unit (606), adapted to send the scrambled ACK/NAK to the base station (110).

Patentansprüche

1. Verfahren in einem Endgerät (120) zum Liefern von Quittungsinformationen oder Nicht-Quittungsinformationen,
ACK/NAK, an eine Basisstation (110) in Bezug auf den Empfangsstatus von Datenpaketen, die in einem Unterrahmen
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von der Basisstation (110) empfangen werden, wobei das Verfahren die folgenden Schritte umfasst:

Erzeugen (501) einer ACK/NAK, die an die Basisstation (110) gesendet werden soll,
Extrahieren (502) der Unterrahmennummer des letzten empfangenen Unterrahmens, und
Auswählen (504) eines Verwürfelungscodes, wobei die Auswahl (504) des Verwürfelungscodes auf der extra-
hierten letzten empfangenen Unterrahmennummer basiert,
Verwürfeln (505) der erzeugten ACK/NAK mit dem ausgewählten Verwürfelungscode, und
Senden (506) der verwürfelten ACK/NAK an die Basisstation (110).

2. Verfahren nach Anspruch 1, wobei der Schritt des Erzeugens (501) der ACK/NAK umfasst:

entweder Erzeugen einer ACK, welche bestätigt, dass alle Datenpakete innerhalb der empfangenen Unterrah-
men korrekt empfangen wurden und/oder dass kein Unterrahmen, dessen Empfang erwartet wurde, gefehlt hat,
oder Erzeugen einer NAK, welche bestätigt, dass kein Datenpaket innerhalb der empfangenen Unterrahmen
korrekt empfangen wurde und/oder dass mindestens irgendein Unterrahmen, dessen Empfang erwartet wurde,
gefehlt hat.

3. Verfahren nach einem der Ansprüche 1 bis 2, wobei der Verwürfelungscode ein orthogonaler Code ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei die empfangenen Unterrahmen in einem Bündelungsfenster
enthalten sind, und wobei die ACK/NAK in Bezug auf alle Unterrahmen gesendet wird, die innerhalb des Bünde-
lungsfensters enthalten sind.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei eine Rückmeldung in Bezug auf eine Mehrzahl von empfangenen
Unterrahmen durch Kombinieren der erzeugten ACK/NAK mit der Auswahl des Verwürfelungscodes erzeugt wird.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei der Schritt des Verwürfelns (505) der ACK/NAK mit dem
ausgewählten Verwürfelungscode ein Hinzufügen des ausgewählten Verwürfelungscodes zu der erzeugten
ACK/NAK unter Verwendung von Modulo-2-Addition umfasst.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei der Schritt des Verwürfelns (505) der ACK/NAK mit dem
ausgewählten Verwürfelungscode ein Zuordnen des ausgewählten Verwürfelungscodes zu der erzeugten ACK/NAK
anhand einer Nachschlagetabelle umfasst.

8. Anordnung (600) in einem Endgerät (120) zum Liefern von Quittungsinformationen oder Nicht-Quittungsinformati-
onen, ACK/NAK, an eine Basisstation (110) in Bezug auf den Empfangsstatus von Datenpaketen, die in einem
Unterrahmen von der Basisstation (110) empfangen werden, wobei die Anordnung (600) umfasst:

eine Erzeugungseinheit (601), die so ausgelegt ist, dass sie eine ACK/NAK erzeugt, die an die Basisstation
(110) gesendet werden soll,
eine Extraktionseinheit, die so ausgelegt ist, dass sie die Unterrahmennummer des letzten empfangenen Un-
terrahmens extrahiert,
eine Auswahleinheit (604), die so ausgelegt ist, dass sie einen Verwürfelungscode auswählt, wobei die Auswahl
des Verwürfelungscodes auf der extrahierten letzten empfangenen Unterrahmennummer basiert,
eine Verwürfelungseinheit (605), die so ausgelegt ist, dass sie die erzeugte ACK/NAK mit dem ausgewählten
Verwürfelungscode verwürfelt, und
eine Sendeeinheit (606), die so ausgelegt ist, dass sie die verwürfelte ACK/NAK an die Basisstation (110) sendet.

Revendications

1. Procédé dans un terminal (120) pour fournir une information d’accusé de réception ou une information de non
accusé de réception, ACK/NACK, à une station de base (110) concernant le statut de réception des paquets de
données reçus dans une sous-trame depuis la station de base (110), le procédé comprenant les étapes consistant à :

générer (501) un ACK/NACK à envoyer vers la station de base (110),
extraire (502) le numéro de sous-trame de la dernière sous-trame reçue, et
sélectionner (504) un code d’embrouillage, dans lequel la sélection (504) du code d’embrouillage est basée sur
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le dernier numéro de sous-trame reçue extrait ,
embrouiller (505) l’ACK/NACK généré avec le code d’embrouillage sélectionné, et
envoyer (506) l’ACK/NACK embrouillé à la station de base (110).

2. Procédé selon la revendication 1, dans lequel l’étape de génération (501) d’un ACK/NACK comprend de :

soit générer un ACK confirmant que tous les paquets de données à l’intérieur des sous-trames reçues ont été
correctement reçus et/ou qu’aucune sous-trame, escomptée être reçue, n’est manquante,
soit générer un NAK confirmant que tous les paquets de données à l’intérieur des sous-trames reçues n’ont
pas été correctement reçus et/ou qu’au moins une certaine sous-trame, escomptée être reçue, est manquante.

3. Procédé selon une quelconque des revendications 1 à 2, dans lequel le code d’embrouillage est un code orthogonal.

4. Procédé selon une quelconque des revendications 1 à 3, dans lequel les sous-trames reçues sont comprises dans
une fenêtre de groupage et dans lequel l’ACK/NACK est envoyé concernant toutes les sous-trames comprises à
l’intérieur de la fenêtre de groupage.

5. Procédé selon une quelconque des revendications 1 à 4, dans lequel le retour d’information concernant une pluralité
de sous-trames reçues est généré en combinant l’ACK/NACK généré avec la sélection du code d’embrouillage.

6. Procédé selon une quelconque des revendications 1 à 5, dans lequel l’étape d’embrouillage (505) de l’ACK/NACK
avec le code d’embrouillage sélectionné comprend d’ajouter le code d’embrouillage sélectionné au ACK/NACK
généré en utilisant une addition modulo 2.

7. Procédé selon une quelconque des revendications 1 à 6, dans lequel l’étape d’embrouillage (505) de l’ACK/NACK
avec le code d’embrouillage sélectionné comprend d’associer le code d’embrouillage sélectionné avec l’ACK/NACK
généré au moyen d’une table de recherche.

8. Dispositif (600) dans un terminal (120) pour fournir une information d’accusé de réception ou une information de
non accusé de réception, ACK/NACK, à une station de base (110) concernant le statut de réception des paquets
de données reçus dans une sous-trame depuis la station de base (110), le dispositif (600) comprend :

une unité de génération (601) adaptée pour générer un ACK/NACK à envoyer vers la station de base (110),
une unité d’extraction adaptée pour extraire le numéro de sous-trame de la dernière sous-trame reçue,
une unité de sélection (604) adaptée pour sélectionner un code d’embrouillage, dans lequel la sélection du
code d’embrouillage est basée sur le dernier numéro de sous-trame reçue extrait,
une unité d’embrouillage (605) adaptée pour embrouiller l’ACK/NACK généré avec le code d’embrouillage
sélectionné, et
une unité d’envoi (606) adaptée pour envoyer l’ACK/NACK embrouillé à la station de base (110).
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