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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 arrangement in a mobile terminal. In particular, it relates to the handling of a
"ACK"/"NAK" message provided to the base station by the terminal.

BACKGROUND

[0002] A key requirement on Long Term Evolution (LTE) currently being standardized in 3GPP
is frequency flexibility, and 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 spectrum can be used. For FDD the downlink (DL), i.e. the link
from the base stations to the mobile terminals, and uplink (UL), i.e. the link from the mobile
terminals to the base stations, use different frequencies and can hence transmit simultaneous.
For TDD, uplink and downlink use the same frequency 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 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 that the number of uplink and downlink subframes may be different. One
of many consequences of this is that in FDD a mobile terminal can always send feedback in
response to a DL assignment of resources in an UL subframe subject to a certain fixed
processing delay. In other words, every DL subframe can be associated to a specific later UL
subframe for feedback generation in way that this association is one-to-one, i.e. to each UL
subframes is associated exactly one DL subframe. For TDD however, since the number of UL
and DL 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 DL subframes than UL
subframes, it is rather so that feedback from several DL subframes needs to be transmitted in
each UL subframe.

[0004] In LTE, a radio frame of 10 ms duration is divided into ten subframes, each 1 ms long.
In case of TDD, a subframe can be 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 comprises of five subframes.

[0005] The first subframe of a radio frame is always allocated to DL transmission. The second
subframe is a special subframe and it is split into thee special fields, DwWPTS, GP and UpPTS,
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with a total duration of 1 ms. 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 signaling can be transmitted in UpPTS. GP is used to create a guard period between
periods of DL and UL subframes and may be configured to have different lengths in order to
avoid interference between UL and DL and is typically chosen based on the supported cell
radius. The DwPTS field is used for downlink transmission much like any other DL subframe
with the difference that it has shorter duration.

[0006] Different allocations of the remaining subframes to UL and DL are supported, both
allocations 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 DL
transmission.

[0007] In the DL of LTE, Orthogonal Frequency Division Multiplex (OFDM) with a sub carrier
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 within a subframe, times a resource block of
subcarriers. The downlink part of the special 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.

[0008] In order to improve performance of transmission in both the DL and UL direction, LTE
uses Hybrid-ARQ (HARQ). The basic idea of HARQ is that after receiving data in a DL
subframe the terminal attempts to decode it and then reports to the base station whether the
decoding was successful (ACK, acknowledgement) or not (NAK, negative acknowledgement).
In case of an unsuccessful decoding attempt the base station thus receives a NAK in a later UL
subframe, and can retransmit the erroneously received data.

[0009] Downlink transmissions may be 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 DL subframe. By resources is here meant some set of resource
blocks. The control signaling is transmitted in the first 1, 2 or 3 OFDM symbols in each
subframe. (For system bandwidth < or = 10, it is transmitted in the first 2, 3 or 4 OFDM
symbols in each subframe). The data sent to a terminal in a single DL subframe is often
referred to a transport block.

[0010] A terminal will thus listen to the control channel, and if it detects a DL assignment
addressed to itself it will try to decode the data. It will 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
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was transmitted by the base station, the terminal can determine the corresponding Physical
Uplink Control Channel resource (PUCCH) in case that the ACK/NACK is transmitted on the
PUCCH. The PUCCH resource may also be configured by the network, which is the case when
a channel quality report or a scheduling request is transmitted at the same time as the
ACK/NAK feedback is to be provided.

[0011] For LTE FDD the terminal will in response to a detected DL 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
DL subframe, and the terminal will respond with two ACK/NAK reports in the corresponding
uplink subframe.

[0012] 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 signaling may be done on a
subframe to subframe basis, i.e. each downlink subframe is scheduled independently of
others.

[0013] As described above, the first step for a terminal to receive data from the base station in
a DL subframe is to detect a DL assignment in the control field of a DL subframe. In the case
that the base station sends such an assignment but the terminal fails to decode it, the terminal
does obviously not 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 DL assignment. If the absence of an
ACK/NAK can be detected by the base station, it can take this into account for subsequent
retransmissions. Typically the base

[0014] station should at least retransmit the missing packet, but it may also adjust some other
transmission parameters.

[0015] There is not a one-to-one relation between UL and DL subframes as discussed above.
Thus the terminal cannot always send an ACK/NAK in response to a DL assignment in
subframe n in UL subframe n+4, since this subframe may not be allocated to UL transmission.
Hence each DL subframe may be associated with a certain UL subframe subject to a minimum
processing delay, meaning that ACK/NAKs in response to DL assignments in subframe n are
reported in subframe n+k with k>3. Furthermore, if the number of DL subframes is larger than
the number of UL subframes, ACK/NAKSs in response to assignments in multiple DL subframes
may need to be sent in a single UL subframe. For a given UL subframe, the number of
associated DL subframes depends on the allocation of subframes to UL and DL, and can be
different for different UL subframes within a radio frame.

[0016] Since DL assignments can be given independently across DL subframes, a terminal
may be assigned DL transmissions in multiple DL subframes that are all to be acknowledged in
a single UL subframe. Hence the uplink control signaling needs to support, in some way,
feedback of ACK/NAKs from multiple DL transmissions from a terminal in a given UL subframe.
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See for example WO01/37507, (NOKIA CORP [FI]; GERENDAI MAGDOLNA [HU]; TOTH
MIHALY [HUJ; PALLER GABO) 25 May 2001, discussing this problem

[0017] One obvious way to approach the above problem is to allow the terminal to transmit
multiple individual (for each DL transmission) ACK/NAK bits in a single UL 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 signaling
coverage and capacity, it has been agreed to do some form of compression, or bundling, of
ACK/NAKs. This means that all ACK/NAKs that are to be sent in a given UL 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 DL subframes were received
correctly and hence to be acknowledged. In any other case, meaning that a NAK for at least
one DL subframe is to be transmitted, a combined NAK is sent for all DL subframes.

[0018] Hence, as described above, to each UL subframe in TDD a set of DL subframes can be
associated, rather than a single subframe as in FDD, for which DL transmissions are to be
given ACK/NAK response in the given UL subframe. In the context of bundling this set is often
referred to as the bundling window. The two basic approaches then include:

« Multiplexing of multiple ACK/NAKs, meaning that multiple individual ACK/NAK reports of
the subframes are fed back. For the case with no MIMO, and a configuration with 3 DL
subframes (including DwPTS) and two UL subframes as depicted in Figure 2b, up to two
bits of ACK/NAK feedback is fed back in subframe #2 and #7 and one up to one bit in
subframes 3 and 8. In the general case, there may be a third state so that
ACK/NACK/DTX is fed back. DTX then represents that the terminal did not receive/detect
any assignment during in the corresponding DL subframe.

» Bundling of multiple ACK/NAKs, meaning that a single ACK/NAK is generated from the
individual ACK/NAKs and that this single ACK/NAK is fed back. For the case with no
MIMO, the terminal combines the ACK/NAKs of multiple DL subframes so that a single
ACK/NAK is generated and fed back in all UL subframes.

[0019] A basic problem with ACK/NAK bundling and multiplexing is that a terminal may miss a
DL assignment, which may not be indicated in the bundled response. For instance, assume
that the terminal was scheduled in two consecutive DL subframes. In the first subframe the
terminal misses the scheduling 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 the first subframe the terminal was not aware of. As a result, data will be lost. The lost data
needs to be handled by higher-layer protocols, which typically takes a longer time than hybrid-
ARQ retransmissions and is less efficient. In fact, a terminal will not transmit any ACK/NAK in a
given UL subframe, only if it missed every DL assignment that was sent during the
bundling/multiplexing window associated with the UL subframe.



DK/EP 3582423 T3

SUMMARY

[0020] It is therefore an object of the present invention to provide a method in a network unit,
and an arrangement adapted to perform said method to improve the detection of missed DL
assignment. The invention is carried out in accordance with the appended claims.

[0021] Since the number of received downlink subframes is transmitted when an ACK is
transmitted, but not when a NAK is transmitted, the base station can avoid, or reduce the
probability for, the case that a missed assignment is interpreted as an ACK, which causes
additional delays due to higher layer retransmissions and so on. In case a NACK is transmitted,
the base station can not interpret a missed assignment as being correctly received since it then
typically assumes that at least one subframe has not been correctly received. Furthermore, as
compared to always feeding back the number of received subframes, uplink performance is
improved since a smaller number of different messages are possible and hence lower uplink
signalling is needed. This in turn implies that the signalling is reduced and that the detection of
missed downlink assignment is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention is described in more detail with reference to attached drawings illustrating
exemplary embodiments of the invention and in which:

Figure 1
is a schematic block diagram illustrating embodiments of a wireless telecommunication
system.
Figure 2
a and b are schematic block diagrams illustrating embodiments of association of each
downlink subframe with an uplink subframe for two different UL:DL allocations.
Figure 3
a, b and c are schematic diagrams illustrating embodiments of the invention.
Figure 4
a, b and c are schematic diagrams illustrating embodiments of the invention.
Figure 5
is schematic block diagrams illustrating embodiments of a 16QAM constellation.
Figure 6
is a flow chart illustrating embodiments of a method in a mobile terminal.
Figure 7
is a schematic block diagram illustrating embodiments of a mobile terminal arrangement.
Figure 8
is a flow chart illustrating embodiments of a method in a base station.
Figure 9
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is a schematic block diagram illustrating embodiments of a base station arrangement.

DETAILED DESCRIPTION

[0023] The present invention relates to a method in a terminal, and an arrangement adapted
to perform said method, for providing to a base station, such as an eNodeB, information from
which the base station can determine whether one or several assignments have been missed.
The present invention also relates to a method in a base station such as an eNodeB, and an
arrangement adapted to perform said method, for receiving from a terminal, information from
which the base station can determine whether one or several assignments have been missed.
The methods and arrangements may be put into practice in the embodiments described below.

[0024] The problem solved is to determine if the terminal has missed an assignment and
hence "forgotten” to report a bundled NAK in case ACK/NAK bundling is used. If the terminal
reports a NAK, there is no problem, but if the terminal reports an ACK there is a problem since
the terminal should ideally report a NAK since of the subframes is not correctly received (in
fact, the terminal missed the assignment and it did not even try to decode the data). The base
station keeps tracks of the number of assigned subframes k', and the base station
demodulates and estimates whether the terminal reports a NAK or an any of M-1 ACK
messages (assuming that there are M constellation points). In case one of the M-1 ACK
messages is received, say ACK k, it compares k with the number of assigned subframes k' and
can in this way detect if the terminal missed any downlink assignment.

[0025] Figure 1 depicts a wireless telecommunication system 100, such as e.g. the E-UTRAN,
LTE, LTE-Adv, 3rd Generation 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 telecommunication system 100 may use TDD or FDD
and comprises a base station 110 and a terminal 120 adapted to communicate with each other
over a radio channel 130. The base station 110 may be a NodeB, an eNodeB or any other
network unit capable to communicate with a terminal over a radio channel that may be a TDD
or FDD radio channel. The terminal 120 may be a mobile phone, a Personal Digital Assistant
(PDA), a user equipment (UE) or any other network unit capable to communicate with a base
station over a radio channel.

[0026] The base station 110 uses HARQ and ACK/NAK bundling, at least for certain uplink
subframes, for transmitting 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 mobile terminal
120. If a NAK message is received from the mobile terminal 120, the base station 110
retransmits the non-acknowledged subframes until they have been acknowledged by the
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mobile terminal 120 or until a time period expires, which time period may be a pre-determined
time period.

[0027] For a given uplink subframe, a number of downlink subframes, denoted K, transmitted
from the base station 110 to the terminal 120 is associated. In some embodiments, a DL
control channel carries a DL assignment in each DL subframe being associated with a certain
UL control channel resource. In an exemplary case, ACK/NAKs from up to K DL subframes are
to be bundled into one UL single subframe, i.e. the bundling window comprises K DL
subframes. The DL subframes may be numbered from 1 to K. Within this set of subframes, the
eNodeB can assign downlink transmissions to a given a terminal. The number of assigned
subframes, k' can be between 0 and K.

[0028] Two examples are illustrated in Figure 2. In the example, the number of associated DL
subframes, K, is different for different subframes as well as for different asymmetries. In
Figure 2a the scenario of a 4DL: 1UL configuration is depicted. In this scenario the first (and
only) UL subframe in each half frame is associated to four DL subframes, i.e. K=4.

[0029] In Figure 2b, the scenario of a 3DL: 2UL configuration is depicted. In this scenario the
first UL subframe in each half frame is associated to two DL subframes, i.e. K=2, while the
second UL subframe is associated with a single DL subframe, i.e. K=1.

[0030] As mentioned above the base station 110 transmits data in k'subframes to the terminal.
The terminal 120 at the receiver side will attempt to detect and decode DL assignments in
each DL subframe. This makes it possible for the terminal 120 to keep track of the number of
detected DL assignments during a bundling window, denoted k. In some embodiments, the
terminal 120 comprises a counter. For each DL subframe in which it receives a DL assignment,
the terminal 120 may increase the counter counting how many DL assignments it has received.

[0031] The terminal 120 will further attempt to decode the transport blocks in the DL
subframes in which it has detected a DL assignment and by means of Cyclic Redundancy
Check (CRC) estimate whether the transport block is correctly received or not. Now, the
terminal 120 knows how many transport blocks that were successfully received. CRC may also
be used for detecting DL assignments.

[0032] In some embodiments, a Downlink Assignment Index (DAI) is signaled to the terminal
120 from the base station 110 as part of the downlink assignment in each DL subframe. The
DAl represents the number of previous and/or minimum number of future assigned DL
subframes within the bundling window. If such is signaled, the terminal 120 may further
compare the counter on the number of received DL assignments with a DAI signaled from the
base station 110 to determine at least if any previous DL subframe has been missed or not.

[0033] When each one of the decoded transport block is correctly received within the k
detected downlink subframes, a combined, or bundled encoded ACK message for k subframes
is provided from the terminal 120 to the base station 110. The encoded ACK message also
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contains k, the number of subframes acknowledged. In the case of e.g. four different
subframes, all being ACK, are represented as one combined ACK together with the number 4
to indicate that the ACK is valid for 4 subframes. The encoded ACK message can be
transmitted using Phase-Shift Keying (PSK) modulation in such a way that the used
constellation point is also determined by the number of received subframes in case a bundled
ACK is transmitted.

[0034] When the terminal 120 detects for example using a DAl that a downlink assignment has
been missed, or when a transport block failed to be decoded in any of the detected k
subframes, a NAK message is provided to the base station 110. Note that the same message
is provided to the base station independently of the number of received subframes. The NAK
message may be modulated using PSK in such a way that constellation point that is different
from the PSK constellation point that would have been used for modulating said ACK message
for any k is used.

[0035] The base station 110 receives the transmitted message which can be either NACK or
ACK of k subframes, where k can be between 1 and K. In case a NAK is received, the base
station 110 knows that at least one out of the k'transmitted subframes have not been correctly
received. The base station 110 will therefore retransmit the k'subframes accordingly. In case
an ACK of k subframes is received by the base station 110, the base station 110 can compare
this with the number of assigned subframes k', and if the received message does not agree
with the number of transmitted subframes, the base station 110 can detect that at least one
assignment has been completely missed and retransmit the corresponding subframes.

[0036] In some embodiments and for the case where the terminal 120 knows it has missed all
DL assignment, the terminal 120 may respond with a NAK in this case. In some embodiments,
the terminal 120 may choose to respond with a Discontinuous Transmission (DTX) which
means that no response is given.

[0037] According to some embodiments, the terminal 120 responds to the base station 110
with at least one of K+1 messages representing:

» NAK; for the case that at least one DL assignment was detected and that the decoding
of least one of the transport block failed. It may also be generated for the case that no
assignment was detected but that the terminal still needs to transmit an ACK/NAK, for
example together with a scheduling request or a Channel Quality Indicator CQI report.
Furthermore, NAK may also be generated for the case that the terminal 120 knows, for
example due to the use of DAI, that at least one assignment has been missed.

« ACK 1; for the case that one DL assignment was detected and that the transport
block(s) passed the decoding and CRC.

o ACK 2; for the case that two DL assignments were detected and that the transport
block(s) passed the decoding and CRC, etc up to:

« ACK K; for the case that K DL assignments were detected and the transport blocks
passed the decoding and CRC.
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[0038] In certain embodiments, the terminal 120 may choose to not respond (DTX) when the
terminal 120 knows that at least one assignment has been missed, as enabled by the using of
the DAl in the DL assignment (if such is present). Furthermore, it may also choose to respond
with NAK in this case. Nevertheless, there may in certain embodiments be an additional
message for DTX and there are then in total K+2 messages.

[0039] In further embodiments, less than K+1 (or K+2) messages are possible, and the
meaning of different messages may then be slightly different. For example, with K=4 but only
four different messages, (using QPSK modulation, see below), the terminal 120 responds to
the base station 110 with at least one of the 4 messages representing for example:

* NAK,

 ACK1 or ACK4,
« ACK2, and

e ACK3,

or in another example:

e NAK,

« ACKI1,

e ACK2, and

e ACK3 or ACK 4,

or any other suitable combination.

[0040] In the embodiments where DAl is used, the base station 110 signals the number of
previous and/or future assigned DL subframes within a bundling window to the terminal 120.
As mentioned above, the terminal 120 can, when it has received multiple DL assignments,
count the number and compare with the signaled number in the DAl to see whether it has
missed any DL assignments.

[0041] In an alternative embodiment, which is suitable when a DAl is used, ACK k represents
an ACK with subframe k, k=1, 2, .., K being the last received subframe. Since the base station
110 knows the contents of the DAl in each and every DL subframe, it will hence know what the
terminal 120 based the bundled ACK/NAK on, if it knows which DL subframe was the last
received. Then, the DAl may be used by the terminal 120 to see whether it missed any
previous DL assignment, and by signaling the last received DL subframe to the base station
110, it is possible for the base station 110 to see whether any DL assignment was missed at
the end.

[0042] In one embodiment, DAl represents the number of subframes being scheduled so far to
the terminal 120 in a bundling window. In an exemplary scenario, the base station 110
transmits four subframes, S1, S2, S3 and S4 in a bundling window to the terminal 120, and
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signals to the terminal 120 that DAl is four in the last. If the terminal 120 misses one or more
subframes in the end of the bundling window, the terminal 120 will believe that it has received
all subframes. In the same way as mentioned above, the encoded ACK message may be
modulated such that the number of the last received subframe, k, is modulated into a PSK
constellation point. If receiving this ACK message, the base station 110 will understand that the
terminal 120 has missed any subframe with a number above k and the base station 110 then
retransmits the missed subframes to the terminal 120.

[0043] For example (A= correctly received, D= missed):

o If S1-A, S2-A, S3-A, S4-D, the terminal 120 will provide the base station 110 with an
ACK 3, because subframe 3 was the last correctly received subframe. The base station
110 will then retransmit S4.

e If S1-A, 82-A, S3-D, S4-D, the terminal 120 will provide the base station 110 with an
ACK 2, because subframe 2 was the last correctly received subframe. The base station
110 will then retransmit S3 and S4.

o If $1-A, S2-D, S3-D, S4-D, the terminal 120 will provide the base station 110 with an
ACK 1, because subframe 1 was the last correctly received subframe. The base station
110 will then retransmit S2, S3 and S4.

[0044] In the case when a subframe is missed not being in the end of the bundling window, the
terminal 120 transmits an encoded NAK message to the base station 110. The encoded NAK
message is modulated into a PSK constellation point being different from the PSK constellation
point that would have been used for modulating an ACK message, in the same way as being
described above. This will e.g. occur for the scenarios when:

» S1-A, S2-D, S3-A, S4-A, or when
* S1-A, S2-D, S3-D, S4-A, or when
+ S1-D, S2-A, S3-A, S4-A, etc.

[0045] In this case the base station 110 will not know which subframes that were not received
by the terminal 120. The base station 110 may therefore retransmit all subframes S1, S2, S3
and S4 within the bundling window.

[0046] A scheduler in the base station 110 may schedule several terminals in the same
subframes (inclusive the terminal 120), and as mentioned above, in some embodiments keep
track of how many and which DL subframe the terminal 120 has been assigned resources in.
By inspection of the HARQ feedback, it will know whether the transmissions within the bundling
window were successful or not.

[0047] In some embodiments, a bundled ACK/NAK is transmitted from the terminal 120 to the
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base station 110 on PUCCH together with a Scheduling Request (SR) or a CQl report, or in
general when the PUCCH resource can carry a PSK, then the modulation alphabet used can
be taken as K+1 PSK. The following formula may be used:

S k=exp(i*2*n/(K+1)*k), k=0,1,.. K

wherein j =sqrt(-1), K'is the total number of possible subframes in the bundling window, i.e. not
scheduled but possible to schedule, and k is the number of subframes being acknowledged in
one encoded ACK message. S_k is the modulated symbol that is transmitted from the terminal
120. Some examples of PSK constellations are given in Figure 3a, b and ¢, of which Figure 3b
depicts a PSK constellation using this formula.

[0048] Figure 3a shows a non-uniform PSK constellation wherein ACK1 and ACK2 is placed
further away from NAK then from each other to be able have a higher requirement on NAK-
>ACK error then on ACK1->ACK2 error.

[0049] Figure 3b shows a uniform PSK constellation wherein ACK1, ACK2, ACK3 and NAK are
placed in a Quadrature Phase Shift Keying (QPSK) constellation. As QPSK is normally used for
data hence it is easier for the base station 110 or the terminal 120 not having a special
constellation ACK/NAK feedback. It may also be possible to reuse some of the implemented
software or hardware when reading out the symbols or writing them in the base station 110
and the terminal 120 as the same mapping function is used for data.

[0050] Figure 3¢ shows a non-uniform PSK constellation depicting different PSK constellation
points for ACK1, ACK2, ACK3, ACK4 and NAK wherein ACK1 and ACK2 are placed further
away from NAK then from each other to be able have a higher requirement on NAK->ACK
error then on ACK1->ACK2 error. The ACK3 and ACK4 may be placed closer to NAK since it is
not so likely that all 3 or 4 subframes will be missed at the same time the ACK3->ACK2, ACK4-
>ACK1 will not be set to a minimum.

[0051] Regarding the error requirements, in terms of Pr(DTX->ACK), i.e. that a missed
assignment is misinterpreted as ACK, is higher or much higher than the corresponding
requirement on Pr(NAK->ACK), i.e. that a NAK is misinterpreted as ACK. For example, the
probability Pr(DTX->ACK) which represents the error probability that a missed DL assignment
is interpreted as an acknowledgement is of the order 0.01-0.1 whereas the probability Pr(NAK-
>ACK) which represents the probability that a NAK is interpreted as an ACK is of the order
0.0001-0.001. The encoding of the messages may then be done so to exploit this. For this
purpose, an alternative embodiment is to do the encoding using non-uniform K+1 PSK where
the distance between NAK and the closest ACK point(s) is larger than the smallest distance

between any two ACK points. This means that
min_{i) P(NAK-> ACK_i) < min_{j,k) P(ACK_j-> ACK_k)

[0052] The probability of any transmitted ACK messages being interpreted as a NAK is to be
lower than the probability that the number of ACKs is misinterpreted. The above expression
represents that a specific number of ACK subframes from the terminal 120 being
misinterpreted as another number of ACK subframes in the base station 110, so that the error



DK/EP 3582423 T3

of NAK being decoded as any of the ACKs is smaller than any error event that one ACK is
decoded as another ACK. Some examples are shown in Figure 4a, b and c.

[0053] Figure 4a shows a non-uniform PSK constellation for ACK1, ACK2 and NAK, using
similar principle as illustrated in Figure 3a but even more protection for the NAK->ACK error.

[0054] Figure 4b shows a non-uniform PSK constellation for ACK1, ACK2, ACK3 and NAK
using similar principle as illustrated in Figure 4a but being extended to 3 ACKs.

[0055] Figure 4¢c shows a non-uniform PSK constellation for ACK1, ACK2, ACK3, ACK4 and
NAK using similar principle as illustrated in Figure 4a but being extended to 4 ACKs

[0056] In some embodiments, QAM constellations can be used instead of a PSK, such as e.g.
16QAM, Figure 5 shows a constellation wherein ACK1 and ACK2 (the same constellation
point), ACK3, ACK4, ACK5, ACKB, ACK7, ACK8, ACK9, ACK10, ACK11, ACK12, ACK13,
ACK14, ACK15, ACK16 and NAK are placed in a 16QAM constellation, which e.g. may be used
in LTE advanced. In a more practical setting only a subset of the 16 constellation points are
used with distances chosen so as to meet the different target error probabilities.

[0057] Thus, a major benefit of the invention is that the signalling is reduced. Instead of
signalling log(2K) bits which is required to convey information on both ACK/NAK and the
number of received subframes, only log(K+1) bits can be used since the number of subframes
is only encoded when an ACK is transmitted.

[0058] The present invention may, of course, be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of the invention.
The present embodiments are to be considered in all respects as illustrative and not restrictive.

[0059] It is to be noted that although terminology from 3GPP LTE has been used in this
disclosure to exemplify the invention, this should not be seen as limiting the scope of the
invention to only the aforementioned system. Other wireless systems, including LTE-Ady,
WCDMA, WiMax, UMB and GSM, as well as future wireless systems, may also benefit from
exploiting the ideas covered within this disclosure.

[0060] The method steps in the terminal 120 for providing an ACK/NAK message to the base
station 110 according to some embodiments will now be described with reference to a
flowchart depicted in Figure 6. As mentioned above, the base station 110 and the terminal 120
are comprised in a telecommunications system. The method comprises the steps of:

601. The terminal 120 counts the number of assigned downlink subframes detected from the
base station 110 resulting in k.

602. The terminal 120 then establishes whether each of a number of transport blocks
comprised in the counted k downlink subframes is correctly received or not.
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603. When each one of the transport blocks, comprised in the k downlink subframes is
estimated as correctly received, the terminal 120 provides to the base station 110 an encoded
ACK message for the k subframes. The ACK message comprises k, the number of subframes.
The encoded ACK message may be modulated such that the constellation point is selected
depending on k, the number of subframes being acknowledged.

604. When any of the transport blocks comprised in the number k downlink subframes is
estimated as not correctly received, the terminal 120 may provide one encoded NAK message
for the k subframes bundled to the base station 110.

The encoded NAK message may be modulated using a PSK constellation point that is different
from the PSK constellation point that would have been used for modulating said ACK message.

605. This is an optional step. In some embodiments, the terminal 120 may obtain a Downlink
Assignment Index "DAI" from the base station 110. In these embodiments, the DAI may
represent the number of previous and future assigned DL subframes.

606. This step is optional. In some embodiments the terminal 120 establishes if any DL
subframes transmitted from the base station 110 has been missed.

In some embodiments where a DAl was obtained in step 605 the terminal 120 compares the
number of received DL assignments with the DAI signalled from the base station 110 to
determine if any previous DL subframe has been missed or not.

607. This step is optional. When a DL subframe transmitted from the base station 110 has
been established to be missed, the terminal 120 may provide to the base station 110 one
encoded NAK message. The encoded NAK message is modulated into a PSK constellation
point being different from the PSK constellation point that would have been used for
modulating said ACK message.

608. This step is optional and an alternative to step 607. When all DL subframes transmitted
from the base station 110 has been established to be missed, the terminal 120 may provide a
response to the base station 110 with a Discontinuous Transmission "DTX".

609. This step is optional and an alternative to step 607 and 608. When all DL subframes
transmitted from the base station 110 has been established to be missed, the terminal 120
may provide one encoded DTX message to the base station 110. The encoded DTX message
may be modulated into a PSK constellation point being different from the PSK constellation
point that would have been used for modulating said ACK message.

[0061] In some embodiments, the terminal 120 uses PSK comprising multiple PSK
constellation points. In some of these embodiments, the terminal 120 uses a first constellation
point NAK of the multiple PSK constellation points when transmitting the encoded NAK
message, and different second constellation points ACK1, ACK2, ACK3, ACK4 of the multiple
PSK constellation points when transmitting the encoded ACK message for different values of k.
The different second constellation points ACK1, ACK2, ACK3, and ACK4 are all different from
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the first constellation point NAK and where the selected constellation points may depend on the
number of received subframes k.

[0062] In some embodiments, uniform PSK is used for transmitting the encoded ACK message
for k subframes, or NAK message, or DTX message into a PSK constellation point.

[0063] In some alternative embodiments, Quadrature Phase Shift Keying "QPSK" is used for
transmission of the respective encoded ACK message for k subframes, or NAK message, or
DTX message.

[0064] In a specific alternative embodiment the terminal 120 uses QPSK comprising, a first
QPSK constellation point, a second QPSK constellation point, a third QPSK constellation point
and a fourth QPSK constellation point. In this embodiment, the terminal 120 uses the first
constellation point when modulating the encoded NAK message, the second constellation point
when modulating the encoded ACK message for k subframes when k =1 or 4, the third
constellation point when modulating the encoded ACK message for k subframes when k =2,
and the fourth constellation point when modulating the encoded ACK message for K subframes
when k =3.

[0065] In a specific embodiment the terminal uses X-QAM for modulating the encoded ACK
message for k subframes, or NAK message, or DTX message into an X-QAM constellation
point. X can take on any of 242, 2/3, 2"4,...2*N.

[0066] In some embodiments the terminal 120 uses non-uniform PSK for modulating the
encoded ACK message for K subframes, or NAK message, or DTX message into a PSK
constellation point.

[0067] To perform the method steps above for providing an ACK/NAK message to the base
station 110, the terminal 120 comprises an arrangement 700 depicted in Figure 7. As
mentioned above, the base station 110 and the terminal 120 are comprised in a
telecommunications system.

[0068] The terminal arrangement 700 comprises a counting unit 710 configured to count the
number of assigned downlink subframes detected from the base station 110 resulting in k.

[0069] The terminal arrangement 700 further comprises an establishing unit 720 configured to
establish whether each of a number of transport blocks comprised in the counted k downlink
subframes is correctly received or not. The establishing unit 720 may further be configured to
establish if any DL subframes transmitted from the base station 110 has been missed.

[0070] The terminal arrangement 700 further comprises a sending unit 730 configured to
provide to the base station 110, an encoded ACK message for the k subframes. The ACK
message comprises k, the number of subframes, when each one of the transport blocks,
comprised in the k downlink subframes is estimated as correctly received. The encoded ACK
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message may be modulated such that the constellation point is selected depending on k, the
number of subframes being acknowledged.

[0071] The sending unit 730 is further configured to provide to the base station 110 one
encoded NAK message for the k subframes bundled, when any of the transport blocks
comprised in the number k downlink subframes is estimated as not correctly received. The
encoded NAK message may be modulated using a PSK constellation point being different from
the PSK constellation point that would have been used for modulating said ACK message.

[0072] In some embodiments the sending unit 730 is further configured to provide one
encoded NAK message to the base station 110 when a DL subframe transmitted from the base
station 110 has been established to be missed. The encoded NAK message is modulated into
a PSK constellation point being different from the PSK constellation point that would have been
used for modulating said ACK message.

[0073] In an alternative embodiment, the sending unit 730 may further be configured to
provide a response to the base station 110 with a Discontinuous Transmission "DTX", when all
DL subframes transmitted from the base station 110 has been established to be missed.

[0074] In a further alternative embodiment the sending unit 730 is further configured to provide
to the base station 110 one encoded DTX message when all DL subframes transmitted from
the base station 110 has been established to be missed. The encoded DTX message is
modulated into a PSK constellation point being different from the PSK constellation point that
would have been used for modulating said ACK message.

[0075] In some embodiments, the terminal 120 is adapted to use PSK comprising multiple PSK
constellation points. In some of these embodiments the terminal 120 is adapted to use a first
constellation point NAK of the multiple PSK constellation points when transmitting the encoded
NAK message, and a different second constellation points ACK1, ACK2, ACK3, ACK4 of the
multiple PSK constellation points when transmitting the encoded ACK message for different
values of k. The different second constellation points ACK1, ACK2, ACK3, and ACK4 may all be
different from the first constellation point NAK and the selected constellation points may
depend on the number of received subframes k.

[0076] The terminal arrangement 700 may further comprise a receiving unit 730 configured to
obtain a DAl from the base station 110. The DAl represents the number of previous and future
assigned DL subframes. In these embodiments, the establishing unit 720 may further be
configured to comparing the number of received DL assignments with the DAl signaled from
the base station 110 to determine if any previous DL subframe has been missed or not.

[0077] In some embodiments, uniform PSK is adapted to be used for modulating the encoded
ACK message for K subframes, or NAK message, or DTX message into a PSK constellation
point.
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[0078] In some embodiments Quadrature Phase Shift Keying QPSK is adapted to be used for
the respective encoded ACK message for k subframes, or NAK message, or DTX message
transmitted by the terminal 120.

[0079] In a specific embodiments the terminal 120 is adapted to use QPSK comprising, a first
QPSK constellation point, a second QPSK constellation point, a third QPSK constellation point
and a fourth QPSK constellation point. In this embodiment the terminal 120 is adapted to use
the first constellation point when modulating the encoded NAK message, the second
constellation point when modulating the encoded ACK message for k subframes when k =1 or
4, the third constellation point when modulating the encoded ACK message for k subframes
when k =2, and the fourth constellation point when modulating the encoded ACK message for k
subframes when k =3.

[0080] In some embodiments X-QAM is used for modulating the encoded ACK message for k
subframes, or NAK message, or DTX message into a X-QAM constellation point, where X can
take on any of 242, 273, 24,...2*N.

[0081] In some embodiments non-uniform PSK is adapted to be used for modulating the
encoded ACK message for k subframes, or NAK message, or DTX message into a PSK
constellation point.

[0082] The method steps in the base station 110, for handling an acknowledgement ACK/NAK
report from a terminal 120, according to some embodiments will now be described with
reference to a flowchart depicted in Figure 8. As mentioned above the base station 110 and
the terminal 120 are comprised in a telecommunications system. The method comprises the
steps of:

801. The base station110 sends a number of downlink subframes comprising transport blocks
to the terminal 120.

802. When each one of the transport blocks, comprised in the k downlink subframes is
estimated as correctly received by the terminal 120, the base station receives one encoded
ACK message for k subframes from the terminal 120. The encoded ACK message comprises
k, the number of subframes detected by the terminal 120. The terminal 120 has counted the
received subframes resulting in the number k.

The encoded ACK message may be modulated such that the constellation point is selected
depending on k, the number of subframes being acknowledged.

803. When any of the transport blocks comprised in the number k downlink subframes is
estimated by the terminal 120 as not correctly received, the base station 110 may receive from
the terminal 120 one encoded NAK message for the k subframes bundled. The encoded NAK
message may be modulated using a PSK constellation point being different from the PSK
constellation point that would have been used for modulating said ACK message.

804. This is an optional step. In some embodiments the base station 110 signals DAI to the
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terminal 120: The DAI represents the number of previous and future assigned DL subframes.
The DAI will be used by the terminal 120 for establishing if any downlink subframes transmitted
from the base station 110 has been missed, by comparing the number of received downlink
assignments with the DAI signalled from the base station 110.

805. This is an optional step. When a downlink subframe transmitted from the base station 110
to the terminal 120 has been established to be missed by the terminal 120, the base station
110 may receive one encoded NAK message from the terminal 120. The encoded NAK
message is modulated into a PSK constellation point is different from the PSK constellation
point that would have been used for modulating said ACK message.

806. This is an optional step. When all the K DL subframes transmitted from the base station
110 to the terminal 120 has been established to be missed by the terminal 120, the base
station 110 may receive a response from the terminal 120 with a Discontinuous Transmission
DTX.

807. This is also an optional step. When all the DL subframes transmitted from the base station
110 to the terminal 120 has been established to be missed by the terminal 120, the base
station 110 may receive from the terminal 120 one encoded DTX message. The encoded DTX
message is modulated into a PSK constellation point being different from the PSK constellation
point that would have been used for modulating said ACK message.

[0083] In some embodiments, PSK comprising multiple PSK constellation points are used in
the received ACK/NAK message. In these embodiments a first constellation point NAK of the
multiple PSK constellation points is used for transmitting the encoded NAK message, and
different second constellation points ACK1, ACK2, ACK3, ACK4 of the multiple PSK
constellation points is used for transmitting the encoded ACK message for different values of k.
The different second constellation points ACK1, ACK2, ACKS3, and ACK4 may all be different
from the first constellation point NAK and the selected constellation points may depends on the
number k.

[0084] In some embodiments uniform PSK is used for modulation of the encoded ACK
message for k subframes, or NAK message, or DTX message into a PSK constellation point.

[0085] In some embodiments QPSK is used for the respective encoded ACK message for k
subframes, or NAK message, or DTX message transmitted by the terminal 120.

[0086] In some further embodiments QPSK is used comprising a first QPSK constellation point,
a second QPSK constellation point, a third QPSK constellation point and a fourth QPSK
constellation point. In these embodiments the first constellation point is used for transmitting
the encoded NAK message, the second constellation point is used for modulation in the
encoded ACK message for k subframes when k =1 or 4, the third constellation point is used for
modulation in the encoded ACK message for K subframes when k =2, and the forth
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constellation point is used for modulation in the encoded ACK message for k subframes when
k=3.

[0087] In some alternative embodiments X-QAM may be used for modulating the encoded
ACK message for k subframes, or NAK message, or DTX message into a X-QAM constellation
point, where X can take on any of 22, 243, 2"4,...2*N.

[0088] In some alternative embodiments non-uniform PSK is used for modulation of the
encoded ACK message for k subframes, or NAK message, or DTX message into a PSK
constellation point.

[0089] To perform the method steps above for handling an acknowledgement ACK/ NAK
message from a terminal 120, the base station 110 comprises an arrangement 900 depicted in
Figure 9. As mentioned above, the base station 110 and the terminal 120 are comprised in a
telecommunications system.

[0090] The base station arrangement 900 comprises a sending unit 910 configured to send a
number of downlink subframes comprising transport blocks to the terminal 120.

[0091] The sending unit 910 may further be configured to signal a DAl to the terminal 120. The
DAl represents the number of previous and future assigned DL subframes, which DAI is
adapted to be used by the terminal 120 for establishing if any DL subframes transmitted from
the base station 110 has been missed, by comparing the number of received DL assignments
with the DAI signaled from the base station 110.

[0092] The base station arrangement 900 further comprises a receiving unit 920 configured to
receive from the terminal 120 one encoded ACK message for k subframes, which encoded
ACK message comprises k, the number of subframes detected by the terminal 120, when each
one of the transport blocks, comprised in the k downlink subframes is estimated as correctly
received by the terminal 120. The encoded ACK message may be modulated such that the
constellation point is selected depending on k, the number of subframes being acknowledged.

[0093] The receiving unit 920 is further configured to receive from the terminal 120 one
encoded NAK message for the k subframes bundled, when any of the transport blocks
comprised in the number k downlink subframes is estimated by the terminal 120 as not
correctly received. The encoded NAK message may be modulated using a PSK constellation
point being different from the PSK constellation point that would have been used for
modulating said ACK message.

[0094] The receiving unit 920 may further be configured to receive a response from the
terminal 110 with a Discontinuous Transmission DTX, when all the k DL subframes transmitted
from the base station 110 to the terminal 120 has been established to be missed by the
terminal 120.
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[0095] The receiving unit 920 may further be configured to receive from the terminal 120 one
encoded DTX message when all the DL subframes transmitted from the base station 110 to
the terminal 120 has been established to be missed by the terminal 120. The encoded DTX
message is modulated into a PSK constellation point being different from the PSK constellation
point that would have been used for modulating said ACK message.

[0096] In some embodiments PSK comprising multiple PSK constellation points is adapted to
be used in the received ACK/NAK message. In these embodiments a first constellation point
NAK of the multiple PSK constellation points is adapted to be used for the encoded NAK
message, and a different second constellation points ACK1, ACK2, ACK3, ACK4 of the multiple
PSK constellation points is adapted to be used for the encoded ACK message for different
values of k. The different second constellation points ACK1, ACK2, ACK3, and ACK4 may all be
different from the first constellation point NAK and the selected constellation points may
depend on the number k.

[0097] In some embodiments uniform PSK is used for modulation of the encoded ACK
message for k subframes, or NAK message, or DTX message into a PSK constellation point.

[0098] In some embodiments QPSK is used for the respective encoded ACK message for k
subframes, or NAK message, or DTX message, transmitted by the terminal 120.

[0099] In some further embodiments QPSK is used comprising a first QPSK constellation point,
a second QPSK constellation point, a third QPSK constellation point and a fourth QPSK
constellation point. In these embodiments the first constellation point is used for modulation in
the encoded NAK message, the second constellation point is used for modulation in the
encoded ACK message for k subframes when k =1 or 4, the third constellation point is used for
modulation in the encoded ACK message for k subframes when k =2, and the forth
constellation point is used for modulation in the encoded ACK message for k subframes when
k=3.

[0100] In some alternative embodiments X-QAM may be used for modulating the encoded
ACK message for K subframes, or NAK message, or DTX message into a X-QAM constellation
point, where X can take on any of 22, 243, 2"4,...2*N.

[0101] In some alternative embodiments non-uniform PSK is used for modulation of the
encoded ACK message for K subframes, or NAK message, or DTX message into a PSK
constellation point.

[0102] The present mechanism for above for handling an acknowledgement ACK/ NAK report,
may be implemented through one or more processors, such as a processor 740 in the terminal
arrangement 700 depicted in Figure 7 or the processor 930 in the base station arrangement
900 depicted in Figure 9, 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
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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.

[0103] When using the word "comprise” or "comprising” it shall be interpreted as nonlimiting,
i.e. meaning "consist at least of".

[0104] The present invention is not limited to the above described preferred embodiments.
Various alternatives, modifications may be used. Therefore, the above embodiments should
not be taken as limiting the scope of the invention, which is defined by the appending claims.
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Patentkrav

1. Terminal (120) til tilvejebringelse af en bekreeftelses-/negativbekraeftelses-
"ACK"/"NAK"-besked til en basisstation (110), hvor basisstationen (110) og
terminalen (120) er til et telekommunikationssystem, hvor terminalen (120)
omfatter en indretning (700), der er konfigureret til:

at modtage downlink-underrammer fra basisstationen (110),

i hver underramme at opna et Downlink Assignment Index "DAI" fra basissta-
tionen (110), hvor DAl'et repreesenterer antallet af tidligere downlink-under-
rammer med en downlink-tildeling adresseret til den selv,

at teelle antallet af downlink-underrammer, | hvilke en downlink-tildeling adres-
seret til den selv detekteres, til k,

at fastsla, hvorvidt hver af et antal af transportblokke, der indgar i de downlink-
underrammer, i hvilke den har detekteret en downlink-tildeling, er korrekt mod-
taget eller g,

at fastsla, om der mangler nogen downlink-tildelinger, der er transmitteret fra
basisstationen (110), i nogen af de downlink-underrammer, i hvilke den har
detekteret en downlink-tildeling, ved at sammenligne antallet af modtagne
downlink-tildelinger med det fra basisstationen signalerede DAI (110),

i tilfeelde af at hver af de transportblokke, der indgar i de downlink-underram-
mer, i hvilke den har detekteret en downlink-tildeling, vurderes at veere korrekt
modtaget, at tilvejebringe til basisstationen (110) en kodet ACK-besked for de
k downlink-tildelinger, hvilken kodet ACK-besked omfatter k, antallet af detek-
terede downlink-tildelinger,

i tilfeelde af at det er fastslaet, at der mangler en downlink-tildeling, der er trans-
mitteret fra basisstationen (110), at tilvejebringe til basisstationen (110) en ko-
det NAK-besked, hvilken kodet NAK-besked moduleres til et konstellations-
punkt, der er forskelligt fra det konstellationspunkt, som ville veere blevet an-
vendt til modulering af ACK-beskeden, og

nar en af de transportblokke, der indgéar i antallet k downlink-tildelinger, vurde-
res som ikke korrekt modtaget, at tilvejebringe til basisstationen (110) en kodet
NAK-besked for de kK sammenbundtede downlink-tildelinger, og hvor

den kodede ACK-besked moduleres saledes, at konstellationspunktet veelges
afhaengigt af k, antallet af bekraeftede downlink-tildelinger, og hvor
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den kodede NAK-besked moduleres under anvendelse af et konstellations-
punkt, som er forskelligt fra det konstellationspunkt, som ville veere blevet an-
vendt til modulering af ACK-beskeden.
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