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CONVEYING NUMBER OF REQUIRED HARQ REPETITIONS FOR
COVERAGE ENHANCEMENT

The present invention relates to transmitting data and feedback concerning reception of the data

in a wireless communication system.

TECHNOLOGICAL BACKGROUND

Third generation (3G) mobile cellular systems, such as, for instance, universal mobile
telecommunication systems (UMTS) standardized within the third generation partnership project
(3GPP) have been based on wideband code division multiple access (WCDMA) radio access
technology. Today, 3G systems are being deployed on a broad scale all around the world. After
enhancing this technology by introducing high-speed downlink packet access (HSDPA) and an
enhanced uplink, also referred to as high-speed uplink packet access (HSUPA), the next major
step in evolution of the UMTS standard has brought the combination of orthogonal frequency
division multiplexing (OFDM) for the downlink and single carrier frequency division multiplexing
access (SC-FDMA) for the uplink. This system has been named long term evolution (LTE) since

it has been intended to cope with future technology evolutions.

The LTE system represents efficient packet based radio access and radio access networks that
provide full IP-based functionalities with low latency and low cost. The downlink supports data
modulation schemes QPSK, 16QAM, and 64QAM and the uplink supports QPSK, 16QAM, and
at least for some devices also 64QAM, for physical data channel transmissions The term
“downlink” denotes direction from the network to the terminal. The term “uplink” denotes

direction from the terminal to the network.

Third-generation mobile systems (3G) based on WCDMA radio-access technology are being
deployed on a broad scale all around the world. A first step in enhancing or evolving this
technology entails introducing High-Speed Downlink Packet Access (HSDPA) and an enhanced
uplink, also referred to as High Speed Uplink Packet Access (HSUPA), giving a radio-access
technology that is highly competitive. In order to be prepared for further increasing user
demands and to be competitive against new radio access technologies 3GPP introduced a new

mobile communication system which is called Long Term Evolution (LTE). LTE is designed to
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meet the carrier needs for high speed data and media transport as well as high capacity voice
support to the next decade. The ability to provide high bit rates is a key measure for LTE. The
work item (WI) specification on Long-Term Evolution (LTE) called Evolved UMTS Terrestrial
Radio Access (UTRA) and UMTS Terrestrial Radio Access Network (UTRAN) is finalized as
Release 8 (Rel. 8 LTE). The LTE system represents efficient packet-based radio access and
radio access networks that provide full IP-based functionalities with low latency and low cost.
The detailed system requirements are given in 3GPP specification TR 25.913, “Requirements for

Evolved UTRA and Evolved UTRAN”, ver.9.0.0, freely available at www.3gpp.org.

In LTE, scalable multiple transmission bandwidths are specified such as 1.4, 3.0, 5.0, 10.0, 15.0,
and 20.0 MHz, in order to achieve flexible system deployment using a given spectrum. In the
downlink, Orthogonal Frequency Division Multiplexing (OFDM) based radio access was adopted
because of its inherent immunity to multipath interference (MPI) due to a low symbol rate, the
use of a cyclic prefix (CP), and its affinity to different transmission bandwidth arrangements.
Single-carrier frequency division multiple access (SC-FDMA) based radio access was adopted in
the uplink, since provisioning of wide area coverage was prioritized over improvement in the
peak data rate considering the restricted transmission power of the user equipment (UE). Many
key packet radio access techniques are employed including multiple-input multiple-output (MIMO)
channel transmission techniques, and a highly efficient control signaling structure is achieved in
Rel. 8 LTE.

The overall architecture is shown in Figure 1. The E-UTRAN comprises eNBs, providing the E-
UTRA user plane (PDCP/RLC/MAC/PHY) and control plane (RRC) protocol terminations
towards the UE. The eNB hosts the Physical (PHY), Medium Access Control (MAC), Radio Link
Control (RLC), and Packet Data Control Protocol (PDCP) layers that include the functionality of
user-plane header-compression and encryption. It also offers Radio Resource Control (RRC)
functionality corresponding to the control plane. It performs many functions including radio
resource management, admission control, scheduling, enforcement of negotiated UL QoS, cell
information broadcast, ciphering/deciphering of wuser and control plane data, and
compression/decompression of DL/UL user plane packet headers. The eNBs are interconnected
with each other by means of the X2 interface. The eNBs are also connected by means of the S1
interface to the EPC (Evolved Packet Core), more specifically to the MME (Mobility Management
Entity) by means of the S1-MME and to the Serving Gateway (S-GW) by means of the S1-U.
The S1 interface supports a many-to-many relation between MMEs / Serving Gateways and
eNBs. The SGW routes and forwards user data packets, while also acting as the mobility anchor

for the user plane during inter-eNB handovers and as the anchor for mobility between LTE and
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other 3GPP technologies (terminating S4 interface and relaying the traffic between 2G/3G
systems and PDN GW). For idle state UEs, the SGW terminates the DL data path and triggers
paging when DL data arrives for the UE. It manages and stores UE contexts, e.g. parameters of
the IP bearer service, network internal routing information. It also performs replication of the user

traffic in case of lawful interception.

The MME is the key control-node for the LTE access-network. It is responsible for idle mode UE
tracking and paging procedure including retransmissions. It is involved in the bearer
activation/deactivation process and is also responsible for choosing the SGW for a UE at the
initial attach and at time of intra-LTE handover involving Core Network (CN) node relocation. It is
responsible for authenticating the user (by interacting with the HSS). The Non-Access Stratum
(NAS) signaling terminates at the MME and it is also responsible for generation and allocation of
temporary identities to UEs. It checks the authorization of the UE to camp on the service
provider’s Public Land Mobile Network (PLMN) and enforces UE roaming restrictions. The MME
is the termination point in the network for ciphering/integrity protection for NAS signaling and
handles the security key management. Lawful interception of signaling is also supported by the
MME. The MME also provides the control plane function for mobility between LTE and 2G/3G
access networks with the S3 interface terminating at the MME from the SGSN. The MME also

terminates the S6a interface towards the home HSS for roaming UEs.

Figure 2 illustrates structure of a component carrier in LTE Release 8 and later releases. The
downlink component carrier of the 3GPP LTE Release 8 is sub-divided in the time-frequency
domain in so-called sub-frames each of which is divided into two downlink slots, one of which is
shown in Figure 2 as corresponding to a time period T The first downlink slot comprises a
control channel region within the first OFDM symbol(s). Each sub-frame consists of a given
number of OFDM symbols in the time domain, each OFDM symbol spanning over the entire

bandwidth of the component carrier.

In particular, the smallest unit of resources that can be assigned by a scheduler is a resource

DL
block also called physical resource block (PRB). A PRB is defined as Noymb consecutive OFDM

RB
symbols in the time domain and Ns consecutive sub-carriers in the frequency domain. In

practice, the downlink resources are assigned in resource block pairs. A resource block pair

RB
consists of two resource blocks. It spans Nsc” consecutive sub-carriers in the frequency domain
. a/DL DL
and the entire symb modulation symbols of the sub-frame in the time domain. = %™ may be

either 6 or 7 resulting in either 12 or 14 OFDM symbols in total. Consequently, a physical
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resource block consists of NsI;anb X Ng” resource elements corresponding to one slot in the time
domain and 180 kHz in the frequency domain (further details on the downlink resource grid can
be found, for example, in Section 6.2 of the 3GPP TS 36.211, “"Evolved universal terrestrial radio
access (E-UTRA), physical channels and modulations (Release 12)”, version 12.1.0, Mar. 2014,
freely available at www.3gpp.org, which is incorporated herein by reference and denoted as “TS
36.211” in the following). While it can happen that some resource elements within a resource
block or resource block pair are not used even though it has been scheduled, for simplicity of the
used terminology still the whole resource block or resource block pair is assigned. Examples for
resource elements that are actually not assigned by a scheduler include reference signals,
broadcast signals, synchronization signals, and resource elements used for various control
signal or channel transmissions.

DL
Nz in downlink depends on the downlink transmission

The number of physical resource blocks
bandwidth configured in the cell and is at present defined in LTE as being from the interval of 6
to 110 (P)RBs. Itis common practice in LTE to denote the bandwidth either in units of Hz (e.g.

10 MHz) or in units of resource blocks, e.g. for the downlink case the cell bandwidth can
DL

equivalently expressed as e.g. 10 MHz or NRg =30RB.

Generally, it may be assumed that a resource block designates the smallest resource unit on an
air interface of a mobile communication that can be assigned by a scheduler for transmitting
data. The dimensions of a resource block may be any combination of time (e.g. time slot, sub-
frame, frame, etc. for time division multiplex (TDM)), frequency (e.g. subband, carrier frequency,
etc. for frequency division multiplex (FDM)), code (e.g. spreading code for code division
multiplex (CDM)), antenna (e.g. Multiple Input Multiple Output (MIMQO)), etc. depending on the

access scheme used in the mobile communication system.

In 3GPP LTE Release 8 the downlink control signalling is basically carried by the following three

physical channels:

— Physical control format indicator channel (PCFICH) for indicating the number of OFDM
symbols used for control signalling in a sub-frame (i.e. the size of the control channel

region);

— Physical hybrid ARQ indicator channel (PHICH) for carrying the downlink ACK/NACK

associated with uplink data transmission; and
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— Physical downlink control channel (PDCCH) for carrying downlink scheduling

assignments and uplink scheduling assignments.

The PCFICH is sent from a known position within the control signalling region of a downlink sub-
frame using a known pre-defined modulation and coding scheme. The user equipment decodes
the PCFICH in order to obtain information about a size of the control signalling region in a sub-
frame, for instance, the number of OFDM symbols. If the user equipment (UE) is unable to
decode the PCFICH or if it obtains an erroneous PCFICH value, it will not be able to correctly
decode the L1/L2 control signalling (PDCCH) comprised in the control signalling region, which

may result in losing all resource assignments contained therein.

The PDCCH carries downlink control information, such as, for instance, scheduling grants for
allocating resources for downlink or uplink data transmission. The PDCCH for the user
equipment is transmitted on the first of either one, two or three OFDM symbols according to
PCFICH within a sub-frame.

Physical downlink shared channel (PDSCH) is used to transport user data. PDSCH is mapped to
the remaining OFDM symbols within one sub-frame after PDCCH. The PDSCH resources

allocated for one UE are in the units of resource block for each sub-frame.

Physical uplink shared channel (PUSCH) carries user data. Physical Uplink Control Channel
(PUCCH) carries signalling in the uplink direction such as scheduling requests, HARQ positive
and negative acknowledgements in response to data packets on PDSCH, and channel state

information (CSlI).

User data (IP packets) to be transmitted over the communication network may be generated by
the user application. They may include speech, video, text, or any other media possibly
compressed and encapsulated into other protocols before forming the IP packets. The IP
packets are in EUTRAN further processed on the PDCP layer resulting in addition of a PDCP
header. The PDCP packets formed in this manner are further segmented and/or reassembled
(reassembling being shown in the figure) into RLC packets to which an RLC header is added.
One or more RLC packets are then encapsulated into a MAC packet including also a MAC
header and padding, if necessary. The MAC packet is also called “transport block”. Thus, a
transport block is from the point of view of the physical layer a packet of user data entering the
physical layer. There are predefined transport block sizes (TBS) which may be used in LTE.
The transport block is then within one transmission time interval (TTl) mapped onto the

subframes on the physical layer (PHY). Details of the mapping of data starting with transport
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blocks up to the interleaving is shown in Figures 5.2.2-1 and 5.3.2-1 and described in the related
description of the 3GPP TS 36.212, v.12.0.0, “Evolved universal terrestrial radio access (E-
UTRA); Multiplexing and channel coding”, 2013, denoted in the following as TS 36.212 available
freely at www. 3gpp.org and incorporated herein by reference, for the uplink and downlink
transmission of user data respectively. Furthermore, the physical channel mapping is described
in detail in Figure 6.3-1 and Figure 5.3-1 for downlink and uplink, respectively, and the related
description in the 3GPP TS 36.211.

The principle of link adaptation is fundamental to the design of a radio interface which is efficient
for packet-switched data traffic. Unlike the early versions of UMTS (Universal Mobile
Telecommunication System), which used fast closed-loop power control to support circuit-
switched services with a roughly constant data rate, link adaptation in LTE adjusts the
transmitted data rate (modulation scheme and channel coding rate) dynamically to match the
prevailing radio channel capacity for each user. For the downlink data transmissions in LTE, the
eNodeB typically selects the modulation scheme and code rate (MCS) depending on a
prediction of the downlink channel conditions. An important input to this selection process is the
Channel State Information (CSIl) feedback (mentioned above) transmitted by the User

Equipment (UE) in the uplink to the eNodeB.

Channel state information is used in a multi-user communication system, such as for example
3GPP LTE to determine the quality of channel resource(s) for one or more users. In general, in
response to the CSI feedback the eNodeB can select between QPSK, 16-QAM and 64-QAM
schemes and a wide range of code rates. This CSI information may be used to aid in a multi-
user scheduling algorithm to assign channel resources to different users, or to adapt link
parameters such as modulation scheme, coding rate or transmit power, so as to exploit the
assigned channel resources to its fullest potential. In order to select appropriate transmission
parameter for a PDSCH transmission, the serving eNB relies on channel state information (CSI)

reporting from the UE, which in LTE consists of the following:
- Rank Indicator (RI)
- Precoding Matrix Indicator (PMI)
- Channel Quality Indicator (CQlI)

The CQI is used as input for the link adaptation algorithm in terms of MCS selection. The exact

format of the CSI message depends on the reporting mode. The CQI may include separately
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coded wideband CQI and one or more subband CQls, which are differentially coded with respect
to the wideband CQI. The reporting mode is configurable by means of RRC signaling as
described in 3GPP TS 36.331, v.12.1.0, 2014, “Radio Resource Control: Protocol specification”,
freely available under www.3gpp.org. Reporting modes currently supported by LTE are defined
in 3GPP TS 36.213,v.12.1.0, 2014, “Physical Layer Procedures” freely available under

www. 3app.org, and in particular in Section 6.2, e.g. information element “CQlreportConfig”.

The uplink and downlink resource grants (grants enabling the UE to transmit data in downlink
and uplink, respectively) are transmitted from the eNodeB to the UE in a downlink control
information (DCI) via PDCCH. The downlink control information may be transmitted in different
formats, depending on the signaling information necessary. In general, the DCI may include: a

resource block assignment (RBA) and modulation and coding scheme (MCS).

It may include further information, such as HARQ related information like redundancy version
(RV), HARQ process number, or new data indicator (NDI); MIMO related information such as

pre-coding; power control related information, etc.

As described above, in order to inform the scheduled users about their allocation status,
transport format and other data-related information (e.g. HARQ information, transmit power
control (TPC) commands), L1/L2 control signaling is transmitted on the downlink along with the
data. L1/L2 control signaling is multiplexed with the downlink data in a subframe, assuming that
the user allocation can basically change from subframe to subframe. It should be noted that user
allocation might also be performed on a TTI (Transmission Time Interval) basis, where the TTI
length can be in general a multiple of the subframes or correspond to a subframe. The TTI
length may be fixed in a service area for all users, may be different for different users, or may
even by dynamic for each user. Generally, the L1/2 control signaling needs only be transmitted
once per TTI. Without loss of generality, the following assumes that a TTl is equivalent to one

subframe.

In 3GPP LTE, assignments for uplink data transmissions, also referred to as uplink scheduling
grants or uplink resource assignments, are also transmitted on the PDCCH. Generally, the
information sent on the L1/L2 control signaling for assigning uplink or downlink radio resources

(particularly LTE(-A) Release 10) can be categorized to the following items:

- User identity, indicating the user that is allocated. This is typically included in the
checksum by masking the CRC with the user identity. Then, the users (UEs) perform

blind decoding by demasking the identities transmitted in the search space (i.e. in the
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resources configured as search space in which the respective terminals have to monitor

the control information whether there is data for them).

Resource allocation information, indicating the resources (Resource Blocks, RBs) on

which a user is allocated. Note, that the number of RBs on which a user is allocated can
thus be dynamic. In particular, the number of the resource blocks (frequency domain) is
carried by the resource allocation information. The position in the time domain (subframe)
is given by the subframe in which the PDCCH is received and a predefined rule (the

resources are allocated fixed number of subframes after the PDCCH subframe).

Carrier indicator, which is used if a control channel transmitted on a first carrier assigns

resources that concern a second carrier, i.e. resources on a second carrier or resources

related to a second carrier if carrier aggregation is applied.

Modulation and coding scheme that determines the employed modulation scheme and

coding rate (length of the transport block to be coded).

HARQ information, such as a new data indicator (NDI) and/or a redundancy version (RV)

that is particularly useful in retransmissions of data packets or parts thereof. In particular,
new data indicator indicated whether the allocation is for an initial transmission of data or
for a retransmission of data. Redundancy version indicates the coding applied to the
retransmitted data (in LTE incremental redundancy combining is supported, meaning that
each retransmission may include the data of the first transmission differently coded, i.e.
may include parity bits which together with the already received

transmission/retransmission(s) finally enable decoding).

Power _control commands to adjust the transmit power of the assigned uplink data or

control information transmission.

Reference signal information such as the applied cyclic shift and/or orthogonal cover

code index, which are to be employed for transmission or reception of reference signals

related to the assignment.

Uplink or downlink assignment index that is used to identify an order of assignments,

which is particularly useful in TDD systems.

Hopping information, e.g. an indication whether and how to apply resource hopping in

order to increase the frequency diversity.
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- CSl request, which is used to trigger the transmission of channel state information in an

assigned resource.

- Multi-cluster _information, which is a flag used to indicate and control whether the

transmission occurs in a single cluster (contiguous set of RBs) or in multiple clusters (at
least two non-contiguous sets of contiguous RBs). Multi-cluster allocation has been
introduced by 3GPP LTE-(A) Release 10.

It is to be noted that the above listing is non-exhaustive, and not all mentioned information items

need to be present in each PDCCH transmission depending on the DCI format that is used.

Downlink control information occurs in several formats that differ in overall size and also in the
information contained in its fields. The different DCI formats that are currently defined for LTE
are as follows and described in detail in 3GPP TS 36.212, v.12.0.0 “Multiplexing and channel
coding”, section 5.3.3.1 (available at http://www.3gpp.org and incorporated herein by reference).
For instance, DCI Format O is used for the transmission of resource grants for the PUSCH, using

single-antenna port transmissions in uplink transmission mode 1 or 2.

In order for the UE to identify whether it has received a PDCCH transmission correctly, error
detection is provided by means of a 16-bit CRC appended to each PDCCH (i.e. DCI).
Furthermore, it is necessary that the UE can identify which PDCCHY(s) are intended for it. This
could in theory be achieved by adding an identifier to the PDCCH payload; however, it turns out
to be more efficient to scramble the CRC with the “UE identity”’, which saves the additional
overhead. The CRC may be calculated and scrambled as defined in detail by 3GPP in TS
36.212, Section 5.3.3.2 “CRC attachment’, incorporated hereby by reference. The section
describes how error detection is provided on DCI transmissions through a Cyclic Redundancy
Check (CRC). A brief summary is given below. The entire payload is used to calculate the CRC
parity bits. The parity bits are computed and attached. In the case where UE transmit antenna
selection is not configured or applicable, after attachment, the CRC parity bits are scrambled

with the corresponding RNTI.

Correspondingly, the UE descrambles the CRC by applying the “UE identity” and, if no CRC
error is detected, the UE determines that PDCCH carries its control information intended for
itself. The terminology of “masking” and “de-masking” is used as well, for the above-described
process of scrambling a CRC with an identity. The “UE identity” mentioned above with which the
CRC of the DCI may be scrambled can also be a SI-RNTI (System Information Radio Network

Temporary ldentifier), which is not a “UE identity” as such, but rather an identifier associated
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with the type of information that is indicated and transmitted, in this case the system information.

The SI-RNTI is usually fixed in the specification and thus known a priori to all UEs.

The physical downlink control channel (PDCCH) carries e.g. scheduling grants for allocating

resources for downlink or uplink data transmission. Multiple PDCCHs can be transmitted in a

PDCCH

subframe. The PDCCH for the user equipments is transmitted on the first = 97  OFDM
symbols (usually either 1, 2 or 3 OFDM symbols as indicated by the PCFICH, in exceptional
cases either 2, 3, or 4 OFDM symbols as indicated by the PCFICH) within a subframe, extending

over the entire system bandwidth; the system bandwidth is typically equivalent to the span of a

PDCCH
cell or component carrier. The region occupied by the first =" > OFDM symbols in the time

DL RB
domain and the Nyg X N, subcarriers in the frequency domain is also referred to as PDCCH

PDSCH — 2‘NDL _NPDCCH
region or control channel region. The remaining = 9™ symb—“Tomb - QFDM symbols in

New x NXB
the time domain on the ~'RB sc subcarriers in the frequency domain is referred to as the
PDSCH region or shared channel region. On a transport channel level, the information
transmitted via the PDCCH is also referred to as L1/L2 control signaling (for details on L1/L2

control signaling see above).

As a further enhancement of the LTE, 3GPP has started an activity on Network Improvements
for Machine Type Communication (MTC). The MTC terminals or MTC devices are characterized
in that they are usually not operated by a human being. Rather, the communication peer is
another machine such as a so called MTC server or another MTC terminal(s). As the MTC
devices can be also mobile terminals as specified by the 3GPP, a more general notification like
“UE” is also used throughout this description, so that the MTC device, terminal or UE are used

interchangeable.

The MTC has some particular features which differ from the usual human-to-human
communication. 3GPP ftries to identify these particular features in order to optimize the network
operations. These specifics are called “MTC features”. For instance, an MTC device typically
sends or receives smaller amounts of data. Another feature of the MTC devices and 3GPP core
network (CN) shall be the ability to allow an external server (MTC server) to trigger the MTC
device to initiate @ communication with the MTC server. This is enabled by a so-called “device
triggering”. The Device Triggering is initiated by the MTC server and can be performed by

different means.

10
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In addition to the cell coverage footprint defined by the LTE for the purpose of machine type
communications, the need for further coverage enhancement is acknowledged. The particular
need for coverage enhancement for MTC is given, for instance, by the deployment scenario
typical for MTC terminals. The MTC terminals may likely be deployed deep inside buildings
which may cause significantly greater penetration losses on the radio interface than the

expected scenarios for the usual LTE devices.

Some concepts of the LTE coverage enhancements considered by 3GPP can be found in the
3GPP TR 36.824 v11.0.0, “E-UTRA LTE coverage enhancement”, June 2012. In particular, TTI-

bundling fort the uplink transmission is discussed.

In 3GPP TR 36.888 v12.0.0, ,Study on provision of low-cost Machine-Type-Communications
(MTC) User Equipments (UEs) based on LTE", June 2013 and especially in Section 9.5.6, the
concept of repetitions for PDSCH is briefly analysed, wherein the number of repetitions assumed
ranges between 100 and 200. The number of repetitions for PUCCH assumed in Section 9.5.5
ranges from 50 to 100. For the purpose of improving the coverage, as the main technique a so-
called “repetition” has been discussed within the standardization. The repetition means that the
same data is transmitted spread within multiple subframes, i.e. in a plurality of subframes a copy
of the same data is conveyed in order to provide some redundancy and increased diversity in
the temporal domain. The repetition technique can be applied to any or every channel; it may be

configured and reconfigured in order to improve the coverage in a specific scenario.

However, the time domain repetition may also cause spectral efficiency degradation since it
requires more physical resources for the transmission of the repetitions per one user equipment
(UE). This may be critical for the downlink transmission. Thus, it is desirable to employ the

repetition mode efficiently.

SUMMARY OF THE INVENTION

The data receiving devices in the LTE provide feedback information including channel quality
indication (CQI). However, it is observed that in the case of coverage enhancement employing
repetitions, the CQI would mostly indicate as a value “out of range” since the coverage
enhancement is meant to be employed in case the normal coverage is not available. This has
the effect that the base station is unable to estimate accurately the length of the bundle to be
configured for the data receiving device. The correct configuration of the bundle size is important

for an efficient resource utilization. If the bundle is longer than necessary, expensive redundancy
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is introduced which may result in the reduced capacity of the system. If the bundle is shorter
than necessary, then it will not be sufficient to convey the data, which, on the other hand,
triggers additional retransmissions after receiving the negative acknowledgement. This may lead

to a loss of capacity and also to extensive delays.

In view of the above observations, the aim of the present disclosure is to increase the efficiency

of the coverage enhancement employing repetitions in the time domain.

This is achieved by the features of the independent claims.

Advantageous embodiments are subject matter of the dependent claims.

The particular approach of the present disclosure is to provide the data transmitting device with

a feedback concerning the appropriate bundle size.

According to an aspect of the invention, an apparatus is provided for receiving data in a wireless
communications system, the apparatus comprising: a receiving unit for receiving up to a
predetermined number N of transmissions of a data portion, coded in the respective
predetermined number N of subframes,; a feedback control unit for judging whether or not the
data portion was decoded successfully and for generating a positive or a negative reception
acknowledgement in accordance with the result of the judging, and for determining a number of
transmissions Ne after which the decoding of the data portion was successful; a transmitting unit
configured to transmit the reception acknowledgement and to transmit a bundle length
information corresponding to the determined number Ne of transmissions or a function of said

determined number Ne of transmissions.

According to another aspect of the invention an apparatus is provided for transmitting data in a
wireless communications system, the apparatus comprising: a transmitting unit for transmitting a
predetermined number N of transmissions of a data portion, coded in the respective
predetermined number N of subframes; a feedback receiving unit for receiving a reception
acknowledgement and for receiving a bundle length information from a data receiving apparatus,
the bundle length information corresponding to a number of transmissions or a function of said
number of transmissions after which the decoding of the data portion at the receiving apparatus
was successful; a transmission control unit for setting the predetermined number N in

accordance with the received bundle length information.

According to another aspect of the invention, a method is provided for receiving data in a

wireless communications system, the method comprising: receiving up to a predetermined
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number N of transmissions of a data portion, coded in the respective predetermined number N of
subframes; judging whether or not the data portion was decoded successfully and for generating
a positive or a negative reception acknowledgement in accordance with the result of the judging,
and for determining a number of transmissions Ne after which the decoding of the data portion
was successful; transmitting the reception acknowledgement and to transmit a bundle length
information corresponding to the determined number Ne of transmissions or a function of said

determined number Ne of transmissions.

According to another aspect of the invention, a method is provided for transmitting data in a
wireless communications system, the method comprising: transmitting a predetermined number
N of transmissions of a data portion, coded in the respective predetermined number N of
subframes; receiving a reception acknowledgement and for receiving a bundle length
information from a data receiving apparatus, the bundle length information corresponding to a
number of transmissions or a function of said number of transmissions after which the decoding
of the data portion at the receiving apparatus was successful; and setting the predetermined

number N in accordance with the received bundle length information.

In accordance with another embodiment, a computer program product comprising a computer-
readable medium having a computer-readable program code embodied thereon is provided, the

program code being adapted to carry out the present invention.
According to an embodiment, the above apparatus is embodies on an integrated circuit.

The above objectives and other objectives and features of the present invention will become
more apparent from the following description and preferred embodiments, given in conjunction

with the accompanying drawings in which:

Figure 1 is a block diagram illustrating an example of an overall LTE architecture;
Figure 2 is a block diagram illustrating an example of an LTE access network architecture;
Figure 3A is a schematic drawing illustrating transmission of data and feedback using

repetitions and direct spreading of ACK/NACK,;

Figure 3B is a schematic drawing illustrating transmission of data and feedback using

repetitions and resource hopping for ACK/NACK spreading;

Figure 4 is a block diagram illustrating the data receiving and the data transmitting

apparatus;
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Figure 5 is a flow diagram illustrating the data receiving and data transmitting method,;

Figure 6 is a schematic drawing illustrating an exemplary QPSK constellation in a complex
plane used to jointly signal reception acknowledgement and bundle length

information;

Figures 7A and 7B  is a schematic drawing illustrating two exemplary 8-PSK constellations in a
complex plane used to jointly signal reception acknowledgement and bundle

length information; and

Figures 8A and 8B is a schematic drawing illustrating two exemplary 16-QAM constellations in
a complex plane used to jointly signal reception acknowledgement and bundle

length information.

DETAILED DESCRIPTION

An embodiment of the present invention concerns transmission and reception of data in a
repeated manner, the repetitions being spread over a plurality of subframes in a communication
system. In particular, the communication system includes a data transmitting device and a data
receiving device communicating together over of wireless interface. The data transmitting device
and the data receiving device may be respectively one of a network node such as a base station
or a relay as well as a wireless device which is not a network node such as a user equipment
(terminal), which may be a mobile phone, a smartphone, a tablet, a notebook or another
computer. The term “network node” in this context is to be understood as any node connected to
a network, for instance, a cellular network. It is noted that the term “cellular network” or “cell”
refer to any arrangement of a cell including macro cells, micro cells, pico cells, femto cells or any
other concepts. The network node may thus be a base station such as ENodeB or a relay

provided as a part of the network.

In the following, an embodiment is described based on the LTE specification. However, the
present invention is in no way limited to the LTE. The concepts and examples described therein
are applicable to any wireless system in which data repetition is applied. In the case of the LTE
system, in an advantageous embodiment, the data transmitting device is the eNB whereas the
data receiving device is a user equipment. Accordingly, the eNB controls the repetition applied
by both the eNB and the UE.
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The term data receiving device refers to a device which receives data from a data transmitting
device and provides the data transmitting device with feedback concerning the successful
reception and decoding of the data received. The data transmitting device in a wireless system
in the downlink direction may be for instance a base station (eNB in LTE) or a relay node. The
data receiving device in the wireless system in the downlink direction may be for instance a user
equipment. In the uplink direction in the wireless system, the data transmitting device is a user
terminal or a user equipment (UE). However, the present invention is not limited to
communication between a base station and the terminal but may also be applied in direct
communication between two terminals, of which one is the data transmitting device and another

one is the data are receiving device.

As described above, when applying the repetition for the purpose of enhancing the coverage
additional resources are necessary for the repeated data. Accordingly, the number of repetitions
has to be selected carefully in order to efficiently use the system resources. In particular, in the
downlink direction the repetitions may cause a bottleneck. The uplink resources should not likely
represent a bottleneck since it is assumed that not many terminals in the coverage enhancement
mode supporting repetition would be scheduled within the same subframe. In the coverage
enhancement mode employing repetitions, the same transport block (the same data portion) is
used to form one or more code blocks The code block(s) pertaining to the same transport block
are transmitted in a plurality of subframes (bundle) without intermittent positive or negative
acknowledgement fed back by the terminal to the eNB. Even though the code blocks are
generally not identical, they represent the same transport block (the same portion of data), and
are therefore considered to facilitate a transport block repetition. Such a bundle may preferably
be transmitted in subsequent subframes in order to keep the overall time required for
transmission of the whole bundle as small as possible, resulting in a minimum data transmission
delay. This approach is furthermore beneficial if the channel is not or only barely fluctuating and
well known by the transmitter to exploit the channel capacity well. On the other hand, if the
channel is not well known and/or fluctuating over time, it is preferable to exploit time diversity, for
which it is beneficial if a bundle spans an extended time period. In such a case, it is therefore
preferable if a bundle is transmitted with one or more gaps of at least one subframe each. Those
gap subframe of a first bundle could be used for transmissions to another data receiving device

so that the corresponding channel capacity is not lost to the system.

In order to generate and transmit repetitions, the data transmitting device determines the data
portion to be transmitted. This may be for instance a transport block as defined in the LTE. Then

in accordance with the number of repetitions (bundle length), the data portion is encoded into N
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code blocks. The data portion may be encoded in an at least partly different manner in order to
increase the diversity resulting in N code blocks of which not all are identical, or which are
mutually different in the extreme case that the encoding is completely different. Alternatively, and
still within the present embodiment, the data portion may be encoded and the same encoded
version may be then transmitted within different subframes, resulting in N identical code blocks.
Different individual coding of their respective copies of the data portion provides higher diversity.
For instance, the data portion may be encoded using a different redundancy version which
enables chase combining or incremental redundancy at the receiver, similarly to the techniques
applied for the hybrid automatic repeat request (HARQ). Encoding by forward error correction
(FEC) and rate matching for generating redundancy versions are exemplarily outlined in 3GPP
TS 36.212 v12.0.0, “E-UTRA Multiplexing and Channel Coding”, in particular Section 5.

After generating the coded or repeated code blocks, they are mapped onto the system
resources. In particular, in the present embodiment, each code block is mapped into an
individual subframe. The set of all transmissions of a (the same) data portion is referred to in the
following as “bundle”. The size of the bundle, i.e. the number of code blocks (transmissions of
the same data portion) is advantageously signaled to the data receiving device (e.g. UE) by the
data transmitting device (e.g. eNB) within a corresponding DCI indication or by a semi-static
configuration. The DCI itself and/or the signaling may be transmitted in multiple subframes in

order to increase the DCI coverage.

The data transmitting device transmits a predetermined number, N, of transmissions (code
blocks) of the same data portion coded in N subframes. Here, N is an integer equal to or greater
than 1, and will be referred to in the following also as “transmission bundle”. In other words, N
denotes the number of transmissions (repetitions of same data portion but possibly differently

coded) effectuated by the data transmitting device.

In one exemplary implementation of the present invention, the predetermined number N may be
configured by the data transmitting device and notified from the data transmitting device to the
data receiving device, for instance, by means of semi-static signaling by higher layers such as
RRC or MAC, or, alternatively at the physical layer, e.g. as a part of the DCI. In particular, the
predetermined number N may be configured within an RRC message such as “RADIO
BEARER SETUP” or “RADIO BEARER RECONFIGURATION”. Alternatively, the predetermined
number N may be conveyed to the data receiving device within an MAC information element. In
a specific case, N is equal to the bundle size, and can therefore be conveyed by means of a DCI

as outlined above. However, the present invention is not limited by the way in which the number

16



10

15

20

25

30

WO 2016/015213 PCT/CN2014/083182

N of transmissions of the data portion is notified to the data receiving device. In particular, the
number N of transmissions may also be determined without transmitting it, implicitly in the same
way at the transmitter and the receiver. This may be performed for instance based on the
feedback information including the bundle length information transmitted (i.e. fed back) from the

data receiving device to the data transmitting device as will be described below in more detail.

The data receiving device checks whether it is capable of decoding successfully the data portion
and generates a positive or a negative acknowledgement. The judging of whether or not the data
portion was decoded successfully can be performed by checking an error detection code such
as parity code, in particular cyclic redundancy check (CRC) code. The present invention is not
limited by the way in which the successful decoding is checked. For instance, the detection may
also be performed by comparing, after decoding of two transmissions of the same data portion,
the two data portions decoded, and concluding that the decoding was not successful if they differ
from each other and concluding that the decoding of wars successful if they do not differ.
Moreover, the checking of successful decoding may be performed after combining the bits
decoded from different transmissions of the same data portion which is particularly beneficial if

the different transmissions were coded using a different coding scheme or redundancy version.

The evaluation as to whether or not the decoding was successful is advantageously performed
after reception of each transmission of the same data portion (each repetition). This approach
provides the advantage that as soon as the data portion is decoded successfully, the reception
and/or decoding of the following transmissions of the same data portion up to N repetitions can
be ignored by the data receiving device. This is beneficial for saving power of the data receiving
device which is particularly relevant for the machine-type communication terminals. On the other
hand, a lower complexity implementation may be adopted, in which the intermediate evaluation
of successful decoding is performed after receiving a selected number of q transmissions. This
approach can be further expanded by evaluating a successful decoding multiple times for
different values of q, where each q is an integer equal to or greater than one and smaller than N
(1 <= q < N). The applicable value(s) of g may be configurable and given to the data receiving
device by the data transmitting device. For instance, the evaluation may be performed after g=10
repetitions out of N=16. Alternatively, the evaluation may be performed after g=10 repetitions
and then after g= 13 repetitions. However, these are only examples and g may be selected in
any way and also configurable/reconfigurable by the network. Each value of g may be an integer
number that can be expressed by powers of 2 and/or powers of 5 to align with the existing
HARQ and radio frame structure, which is based on up to 8 (=2°) HARQ processes and 10

(=2"*5") subframes. Performing multiple evaluations of successful decoding may further be
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advantageously regularized by evaluating after every r-th transmission, where 1 <=r < N. r can
be preferably expressed by powers of 2 and/or powers of 5 to align with the existing HARQ and
radio frame structure, which is based on up to 8 (=2°) HARQ processes and 10 (=2'*5"
subframes. This includes the specific case that r is equal to 1, resulting in an evaluation after
each transmission. In addition to evaluating successful decoding after receiving less than N
transmissions (potentially multiple times, as outlined previously), the evaluation of successful
decoding should be performed after receiving all N transmissions of the same data portion
especially if previous evaluation(s) of successful decoding for the same data portion have
resulted in a non-successful decoding result. Alternatively, the evaluation of successful decoding

may be performed after receiving all N transmissions of the same data portion.

As soon as it is determined that the data portion was decoded successfully, a positive
acknowledgement is generated, or, in other words, the status of successful decoding is
temporarily stored to be transmitted as feedback to the data transmitting device. In this case, the
data receiver device may additionally skip further decoding attempts for the same transport block
(including the attempt after the reception of all N transmissions). A negative acknowledgement is
generated when the data portion cannot be successfully decoded after reception of all N

transmissions (repetitions) of the data portion.

In one implementation of this embodiment, the data receiving device (UE) provides the base
station with a feedback including positive or negative acknowledgement after the reception of the
last subframe in the bundle irrespectively of the amount r of repetitions after which the
successful decoding is judged. However, the present invention is not limited to such
implementation and in general, the positive acknowledgement may be provided to the data
transmitting device as soon as the data receiving device was able to successfully decode the
data portion. For instance, the data receiving device may provide the data transmitting device
with the positive acknowledgement after the first r (r is equal to or greater than one and smaller

than N) repetitions after which the decoding was successful.

In accordance with this embodiment of the present invention, the data receiving device provides
the base station with a feedback concerning the bundle length for repetitions in the time domain,
i.e. the number of transmissions of a data portion. The aim of the feedback is to provide the
transmitting device with information enabling it to select the appropriate number of repetitions for
future transmissions. In particular, the bundle length information should indicate the bundle
length sufficient for successfully decoding the data portion of the data receiving device. This may

be for instance a number of subframes, in which the same corresponding number of code blocks
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were transmitted and which resulted to successful decoding in the past or a function of such
number. Here, the past may be one or more past receptions of the respective one or more
bundles with the respective data portion(s). In case that the data receiving device judges the
successful decoding for several bundle lengths, such as for different values of r, the smallest
such number is used to generate the corresponding feedback, such as the smallest such value

ofr.

As described above, in the LTE downlink, the eNB currently does not have any quality feedback
in case of coverage enhancement by employing repetitions, since the provided CQI would likely
indicate that the UE is out of range, i.e. out of the normal coverage of the eNB. In accordance
with the present embodiment, thus a feedback concerning an appropriate number of repetitions

of the same data portion (bundle length) is determined and fed back to the network (to the eNB).

In particular, the number of transmissions Nd of the data portion is determined after which the
decoding was successful. This may be the smallest number of repetitions sufficient for decoding
the data portion successfully. Determining the smallest number with a full granularity is possible
only if the judgement on whether or not the decoding was successful is performed after each
transmission (r=1). However, other implementations are also possible and may constitute a
better tradeoff between the complexity and the efficiency of the feedback. For instance, it is
possible to perform decoding after reception of each two (r=2) or each four repetitions (r=4) of
the data portion, in which case the exact smallest number of repetitions sufficient for decoding
the data portion successfully would not be necessarily determined as Nd. For example, if a
decoding check is performed after 4 transmissions resulting in incorrect decoding, and another
decoding check is performed after 8 transmissions resulting in correct decoding, the smallest
number of repetitions sufficient for decoding the data portion successfully could be one of the
values {5, 6, 7, 8} but the data receiving device cannot reasonably determine which of those is
accurate. Rather, Nd could only be determined with higher granularity (lower resolution) than
one repetition; for instance, for r=4 Nd could only take values 4, 8, 12, etc. In the above example,
therefore the data receiving device would determine Nd=8 as it is the smallest number of
repetitons for which the data receiving device was able to determine a successful decoding of
the data portion. In general, the number of transmissions Nd of a data portion after which the
data portion was successfully decoded is an integer greater than 0, and can preferably take the

value of N and at least another value.

In one exemplary implementation the number Nd is smaller than or equal to N, wherein N is the

predetermined number of repetitions of the data portion transmitted by the data transmitting
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device. In other words, the value Nd is only determined with respect to the most recently
transmitted transmission bundle and can therefore not exceed the value of N. This has the
advantage that Nd is strictly bounded and therefore can only take a finite number of values up to
N.

In another implementation, the value Nd is determined with respect to the accumulated bundle
size of all transmission bundles pertaining to the same data portion. This has the advantage that
the value Nd is self-sufficient as it expresses the overall number of repetitions of the data portion.
However, on the other hand, this may theoretically result in a possibly infinite value of Nd, which
is not practical. Therefore, in such an implementation, there is preferably a predetermined value
Ndmax that is assumed if more than Ndmax repetitions of the data portion are determined to be
necessary for successful decoding by the data receiving device. Thus, Ndmax is the maximum
number of repetitions counted over all transmission bundles conveying transmissions (code
blocks) of the same data portion. If the length N of a transmission bundle is not changed
between different bundles of the same data portion, preferably the value Ndmax is an integer

multiple of N.

In the above described implementation the number Nd may be larger than N, i.e. in case of a
negative acknowledgement after first N repetitions, a cumulative number of transmissions of the
same data portion may be determined. For instance, if N = 16 and after reception of all 16
repetitions, the data receiving device was still not capable of decoding the data portion correctly,
S0 a negative acknowledgement is issued and the data transmitting device repeats the 16
transmissions of the same data portions again resulting in a total of 32 repetitions of the same
data portion. If within this retransmission the data portion was successfully decoded after the
10th transmission, the parameter Nd could be determined to have the value of N+10, i.e. the
value of 26. It might even be possible that the value of N for the first bundle is different from the
value N of the second transmission bundle pertaining to the same data portion. For instance, if
the transmission bundle size is N1 and the data portion could not be successfully decoded after
N1 repetitions, the transmission bundle size may be reconfigured to a new value N2 for the
retransmission of the transmission bundle. If the data portion conveyes in the N1 and N2
repetitions still could not be decoded, another transmission bundle could be transmitted.
Assuming exemplarily that the data portion was decoded after 4 repetitions of the third
transmission bundle, the value signaled as Nd would be N1+N2+4. As described above, Nd may
have a resolution coarser (coarser resolution corresponds to less values for the same range)

than 1, corresponding to r>1.
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After the determination of the number of transmissions Nd, the data receiving device transmits
feedback to the data transmitting device. In particular, the feedback includes information
concerning the number of transmissions Ne appropriate in view of the determined (observed)
number of transmissions Nd. Such bundle length information Ne may directly be the number of
transmissions Nd determined, after which the decoding of the data portion was successful.
However, the bundle length information may also be a bundle length Ne which is a function of
the determined number of transmissions Nd, such as an average or median over currently
determined Nd and the previously determined values of Nd or any other function thereof. In
general, the estimated number of transmissions Ne sufficient for successful decoding is provided

from the data receiving device to the data transmitting device as bundle length information.

It is noted that not each determined Nd must also be transmitted as a feedback. In general, the
frequency of transmitting the bundle length information may differ from the frequency of the
determination of the sufficient number of transmissions Nd. In one exemplary implementation of
the present embodiment, the feedback including the bundle length information is transmitted
together with the positive or negative acknowledgement after each bundle transmission, i.e. after
transmission of all the N repetitions of the data portion bundle. In another implementation of the
embodiment, the bundle length information is transmitted with a lower frequency than the
positive or negative acknowledgement. In this case, the averaging over a plurality of determined
values of Nd would be particularly beneficial. However, instead of the averaging another function
may be used. For instance, the most frequent Nd among the recent bundle transmissions or a
median or the last determined Nd may be transmitted as the estimated number of transmissions
Ne. The most frequent Nd among the recent bundle transmissions is preferential because it
would represent the single most likely transmission condition. The last determined Nd is
preferential because it represents the most recent transmission condition most accurately.
Alternatively, the maximum determined Nd may be transmitted as the estimated number of
transmissions Ne, as it gives a kind of worst-case transmission condition information.
Alternatively, the minimum determined Nd may be transmitted as the estimated number of

transmissions Ne, as it gives a kind of best-case transmission condition information.

In summary, the bundle length information Ne may consist or include of the Nd determined or a
function of Nd. The bundle length information may be further coded for instance by using a
variable length code and/or by differential coding (coding difference with respect to previously
transmitted value). Similar to Nd, the possible values of Ne do not have to be a contiguous range

of integer numbers. Instead, the numbers that can be signalled by Ne are discrete and finite. The
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specific constraints outlined before for the possible values of Nd can be applied to Ne mutatis

mutandis.

The data transmitting device receives the feedback information including the bundle length

information.

The data transmitting device, such as eNodeB in the LTE, or generally a base station or &
network node, may then use the bundle length information Ne fed back to control the
transmission bundle size N applied, e 1o adapt the transmission bundie size N for fulure
downlink transmissions, for instance, in an outer loop. In particular, the data fransmitling device
may generate control information indicating the new transmission bundie length N and fransmit it
to the data receiving device and apply the signaled fransmission bundie length when transmitting
further data portions. Such control information may be conveyed within a higher-layer message.
The data receiving device may then transmit to the data transmitling device a confirmation of the
newly set transmission bundle length from the dala receiving device. As described above, such
signaling may be performed at radio bearer establishment and/or at reconfiguration by means of
radic resource conirol protocol. However, the present invention is not limited {o such
implementation and the {re-Jconfiguration of the transmission bundle size N may be performed
at any layer, for instance by means of MAC signaling or physical layer signailing. For example,
the transmission bundle length N may be (re-jconfigured dynamically within DCI, i.e. together
with a transniission resource assignment In such case, preferably, no confirmation of the (re-
lconfiguration from the data receiving io the data transmitling device is transmifled. An
advaniage of fransmitiing the {re-jconfiguration with the resource assignment is that usually, an
acknowledgement is fed back by the receiving unit to indicate a successful or unsuccessiul
reception of @ data portion. The presence of such an acknowledgement is therefore an indication
that the DCI has been detected correctly, and therefore implicitly that the {re-jconfiguration of the
fransmission bundle length N is detecled correctly as well. The lack of such an
acknowledgement indicates on the other hand that the DCI and therefore also the {(re-

jconfiguration of the transmission bundie length N has not been detected correctly.

in order o provide the feedback conceming the sufficient bundie length Ne from the dala
receiving device to the data transmitling device in the bundie length information dynamicaily, the
bundie length information may be transmilted together with the positive (ACK) or negative
(NACK) reception acknowledgement of the data portion fransmission. For instance, the
reception acknowledgement and the bundle length information may be coded separately and

transmittad together within one control message. Alternatively, the feedback information may be
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generated by jointly coding the reception acknowledgement (positive and/or negative) and the
bundie length information. For instance, a code word set may be provided for jointly coding the
reception acknowledgement and the bundie length information, including a plurality of code
words of which each indicates a positive acknowledgement and a particular bundle length. The
codeword set advantageously further includes a code word indicating a negalive

acknowledgement.

In order 0 increase the chance of the data transmitiing device to receive the feedback
information and {0 decode it successfully, the reception acknowledgement fransmission andfor
the transmission of the bundle length information may be also spread over multiple (uplink)
subframes. Accordingly, the feedback information is mapped onto the wireless system resources
in the tme domain (subframes) by spreading the feedback information to a plurality M of
subframes, which are located at least a predetermined number K of subframes after the last
subframe of the predstermined number N of transmissions of the same data portion. Here, M is
the number of subframes in which the feedback information concerning one downlink bundie is
transmitted. Number k is a number of subframes between the last subframe of the downlink

bundie and the first subframe of the uplink bundle carrying the feedback.

The above implementalion corresponds o a synchronous transmission of the feedback
information with respect (o the bundie transmission. it has the advantage of a fixed (predefined)
allocation of the resources for the fesdback information depending only on the position of the
bundie in the iime domain. However, the present invention is not limited {0 synchronous
feedback signaling and in general the feedback information may be transmitted in any resources
such as previcusly allocated resources or as within a random access in which collisions are

possible.

One of the possibilities of performing the joint coding of the reception acknowledgement and the
bundie length is to spread the feedback information over the M subframes in accordance with a

spreading rule which is determined in accordance with the bundie length information.

For instance, the spreading rules may correspond (o a spreading code indicating which cut of a
plurality of uplink resources is used in a subframe for the transmission of the feedback
information. For example, in LTE PUCCH, a PUCCH resource index is used to delermine a
cyclic shift index, and possibly a further orthogonal sequence index. In addition, a frequency
domain index corresponding t1© a resource block is used to characterise a PUCCH transmission.
These or combinalions of these can be used o determine the uplink resource that is used in a

subframe for the fransmission of the feedback information. As such, the spreading rule in a
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general form would be represented by a sequence or patiern, exemplarily generaled by means
of one or more pseudo-noise or random number gensrators, that determines the uplink resource
hopping pattern. For example, if the uplink resource hopping pattern includes a frequency
component, the result is g frequency hopping of the feedback information acress or within
subframes. Such frequency component may be, for instance, a resource block or a component
carrier. if the uplink resource hopping pattern includes a time domain component, the hopping is
characterised by different subframes, in which the feedback is signaled. if the uplink resource
hopping patiern includes a cvciic shift component, then a different cydlic shift sequence is used

in different subframes of the feedback information transmission.

As an example for such g hopping sequence, if there is a total of 16 uplink resources available in
each subframe, then the spreading code would indicate for each subframe which one out of the
16 uplink resources is ulilized for iransmission of the feedback in that subframe. The exact
sequence could exemplarily be obtained by a binary pseudo-noise gensrator where 4 bils are

taken to form pseudo-random numbers from 0 to 15

Alternatively, the spreading rules may correspond o respective spreading codes such as
orthogenal spreading codes used in spread spectium systems for separgiing different users.
Spreading codes are fypically pseudo random sequences which are orthogonal with respect to
each other meaning that there are cross correlation at zerc mutual shift is zero. in one
exemplary implementation of this embodiment, among a predetermined number d of codes,
some codes specify the positive acknowledgement and different respeciive bundie iength

information valuses.

As a specific example for appilication to LTE acknowledgement transmissions over FUCCH, the
spreading code is applied only to the transmission conveying the acknowledgement message as
such, but not o corresponding reference symbols that are usable for coherent demodulation of

the acknowledgement massage.

For improved cross-correlation properties e.¢g. o avoid collisions belween two different
spreading codes, many different sequence or code generation approaches are prevalent in
literature, such as Gold sequence, Zadof-Chu sequence, Kasami codes, Waish codes, Lehmer

random number generator, o name but a Tew.

The number d of the spreading codes can be smalier than the number N of downlink bundle
transmissions {(or, in general, number of data ransmissions from the data transmilting device to

the data receiving device). This means that not all possible values 1 to N of the estimated
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sufficient bundle length Ne may be signaled unambiguously. Rather, only a subset of values of
Ne, in particular no more than d values of Ne, may be conveyed. This signaling schame is
particularly advantageous if fewer than N checks for successful decoding are performed, fe. if a
check is not done after each repstition. In particular, it is advantageous o select d being equal o

or larger than integer of N/r.

Moreover, since the number of feedback repetitions M may be rather high for the MTC coverage
enhancement scenarios (N=100-200 as typically assumed for PDSCH currently, M=50-100 as
typically assumed for PDCCH currently), d<M codes may be combined or concatenated fo
spread the acknowledgement. For instance, a sequence of spreading codes, each code with
length d, d<M {preferably M being an integer mulliple of d) may indicate the bundle iength
information value. This approach provides the advaniage of keeping the sel of codes small even
for large numbers of M, as the auto-correlation or cross-correlation property {(especially the
orthogonality) for a shorter code is more easily maintained than for a longer code especially if
the channel is fluctuating in time. It is noted that the present invention is not limited to usage of
orthogonal codes and that, alternatively, for spreading of the feedback {(bundie length
information), also quasi-orthogonal codes may be used such as Gold sequences or any other
sequences. in general, the spreading codes do not have to be orthogonal. However,
orthogonalily maximizes the distance between the codes and thus, minimizes the error
probability for the decision between the spreading codes al the receiver. Even for the use of
non-orthogonat codes, a short length may be preferable to keep the correlation between codes

smail for fluctuating channels.

if the feedback information repetition factor M is smaller than the maximum number of data
portion repstitions N, the spreading code contains some ambiguity concerning the sufficient
bundie length Ne signaled within the feedback information. This is caused by the fact that
instead of N possible vaiues for the bundle length, only M values of the bundie length Ne may be
signaled. Here, it is assumed that for repelition factor M there are only d=M (preferably
orthogonal) spreading codes sach of length d=M available. In other words, a plurality of values
of Ne shall resull in the same spreading code with an index ¢ among d spreading code indices 1
to d (or 0 to d-1) to be applied. Here it is assumed that each spreading code is assigned an

index ¢ for identification among other codes.

in particular, the spreading code index ¢ can be determined, by continuous range ambiguity as

foilows:
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s

N N

wherein, Ne is the sufficient bundle length determined with the full granularity as a value
between one and N, M is the repetition factor for the feedback transmission and in this example
also the number of spreading codes available, and N is the number of repetitions in the downlink
(which may be counted as the length of a single bundle, or as a cumulative number including
possibly multiple bundles pertaining to the same data portion, as outlined previously). The
operation | -] denotes the largest integer value that is smaller or equal to the argument of the
expression, while the operation [ - | denotes the smallest integer value that is larger or equal to
the argument of the expression. It is noted that in general only a subset of available spreading
codes d=M may be used for signaling the bundle length information. When assuming number
S<=d of spreading codes to be used, the particular spreading code c for signaling a value Ne of

the bundle length information is selected as:

%5

In general, the number S of spreading codes to be used may be smaller than or equal to the

available number of spreading codes d. Alternatively, the spreading code index ¢ may be

determined by modulo ambiguity as follows:
¢ =(N, modS)

wherein the spreading code index ¢ is one of the spreading code indices 1to S.

In another alternative, the relation between the spreading code index ¢ and Ne can be

determined irregularly, which is most easily expressed by a look-up table like the following:

Ne Spreading Code index ¢
First value or range of values 1
Second value or range of values 2
Third value or range of values 3
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S-th value or range of values S

Those skilled in the art will appreciate that above exemplary relations for ¢ can be easily
modified to account for different numbering/indexing notations, i.e. by adding or subtracting the

value 1 to account for e.g. the spreading code index ranging from 1 to S or from 0 to S-1.

In one implementation, the number of spreading codes S to be used is equal to the number of
spreading codes available d, resulting in all available spreading codes being used. This provides
the advantage of using shorter spreading codes and reducing thus the complexity and/or

memory requirements for storing and/or generating the spreading codes.

In another implementation, the number of spreading codes S to be used is smaller than the
number of spreading codes d available but equal to the feedback repetition factor M. This
provides the advantage of using only a selected subset of the available codes, which may be a
subset of codes having particularly advantageous features such as low cross-correlation

between the mutually shifted different codes.

In still another implementation, the number of spreading codes S to be used is smaller than the

number of spreading codes d available and greater than the feedback repetition factor M.

As described above, the spreading code in this example is selected in accordance with the
bundle size to be provided within the feedback information. The spreading code is then used to
spread the acknowledgement (positive or negative) to the number M of subframes. Thus, the
length of the spreading code here is also equal to M. The acknowledgement to be signaled may
be either a positive acknowledgement or a negative acknowledgement. It may be thus signaled
by using one bit which is then spread by the spreading code with the length of M over the M
subframes in the time domain. The spreading of the acknowledgement increases the probability
of correct decoding of the acknowledgement. Moreover, the spreading code selection enables

coding of the bundle length information.

In another implementation, also already briefly discussed above for the case of d<N, the length L
of the spreading codes S to be used is smaller than the feedback repetition factor M, in which
case it is advantageous if the length of the spreading codes is a divisor or the feedback
repetition factor and the spreading is applied blockwise for L feedback subframes as a

consequence. Such an implementation is particularly advantageous if the feedback repetition
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factor is large with respect to a coherence time of the channel, because the auto-correlation or
cross-correlation properties between the spreading codes are generally only maintained if the
channel characteristics are very coherent over the length of the spreading code. However, in
order to achieve a sufficient coverage, the feedback repetition may easily span several 10s of
milliseconds, which for a mobile communication system is generally not considered as providing
sufficient coherence to maintain the low auto-correlation or cross-correlation of the spreading
sequences, particularly in the case oforthogonality. Instead, it is advantageous to have a
relatively short length L of a spreading code, which usually is then an upper limit to the number
of used spreading codes S. The value of L may be determined implicitly from the number of
used spreading codes S and the feedback repetition factor M, or it may be configured explicitly

by a control message such as conveyed by MAC control elements or RRC messages.

In order to avoid misinterpretation between positive and negative acknowledgement (ACK-NACK
errors), it is beneficial to design the joint codewords (including the spreading code) such that the
distance between the negative acknowledgement and any positive acknowledgement is as large
as possible. The distance may be measured as a Hamming distance or an Euclidean distance.
Hamming distance measured between two binary codewords is a number of bit positions in
which the two codewords differ from each other. Euclidean distance is the distance between two
modulation constellation points representing two respective codewords in the complex signal
plane. By increasing the distance between two codewords, the probability of an error resulting in

decoding of the first codeword as the second codeword or vice versa is reduced.

The increasing of the minimum distance between the negative acknowledgement and any
positive acknowledgement (i.e. the positive acknowledgement spread by any of the spreading
sequences used to indicate the bundle length information) can be achieved, for instance, by

employing fewer spreading codes than d.

In particular, the feedback information can be coded by selecting a spreading code with index ¢
(i.e. spreading_code(c)) out of a set of spreading codes, in which there are S spreading codes, S
being an integer larger than one and smaller than the number d of available (orthogonal)
spreading sequences of a given length L<=M. Out of the S spreading codes, S-1 codes indicate
positive acknowledgement and the respective S-1 values for coding of the bundle length
information. Moreover, the spreading code indicating the negative acknowledgement has a
Hamming or Euclidean distance to any of the S-1 spreading codes indicating the positive
acknowledgement larger than the Hemming or Euclidean distance among those S-1 spreading

codes indicating the positive acknowledgement. The S possible spreading codes applied to the
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acknowledgement can be seen as S different codewords of a code jointly coding the

acknowledgement (ACK/NACK) and the bundle length information.

Figure 3A illustrates an example of enhanced coverage using repetition as described above. In
this example, the eNodeB indicates to a terminal that the bundle size is 16 subframes, i.e. the
downlink transmission of a data portion will be spread into 16 subframes (N = 16). The terminal
is thus configured to expect receipt of 16 times the same data portion. In this example the
repetitions are transmitted in consecutive subframes of the PDSCH. However, the present
invention is not limited to spreading the repetitions into the consecutive frames. Rather, the
repetitions may be distributed in time into subframes in such a manner that between the number
of subframes starting with the first transmission and ending with the N-th transmission of the

same data portion is larger than N.

The top part of Figure 3 shows the PDSCH bundle transmitted by the eNodeB. Below the
PDSCH bundle, various scenarios of decoding at the terminal are exemplified. In particular, the
terminal may receive the first four transmissions of the sent data portion and determine that after
reception of the four repetitions the decoding was successful, corresponding to a positive check
of the cyclic redundancy check code. In such a case (illustrated by an arrow to the right) a
positive acknowledgement (ACK) is generated and transmitted back to the eNB. The positive
acknowledgement is spread with the sequence [1 -1 -1 1] which corresponds to bundle length
information indicating that the terminal successfully decoded the data portion after four
transmissions (in other words, after a bundle of size 4). It is noted that the present example of

Figure 3 may be implemented in two ways:

1. The decoding is attempted after receiving each four consecutive transmissions of the

same data portion (r=4).

2. The decoding is attempted after receipt of each one transmission of the same data

portion.

In this example since the spreading sequence has the length of four (corresponding to the
feedback bundle size L=M=4), there may be at most four different spreading sequences of the
length 4 orthogonal to each other. Therefore, the first option above would be beneficial, i.e. the
decoding is attempted at most four times, i.e. after reception of four, eight, twelve, and sixteen
transmissions of the same data portion. Accordingly, the bundle length information only takes
four values indicating four, eight, twelve or sixteen subframes, respectively. in the case where

the decoding of the first four transmissions of the same data portion is not successful, i.e. the
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CRC check fails (illustrated in the figure by an arrow to the bottom), the terminal attempts
decoding after reception of a further four transmissions of the same data portions, i.e. after
receiving eight repetitions. In the case where after reception of the eight repetitions the
decoding is successful (CRC check is OK) a positive acknowledgement is generated and spread
with a spreading sequence [1 -1 1 -1] which indicates that the sufficient (estimated) bundle
length Ne (in this case Ne=Nd) has a value of 8. If the terminal was unable to successfully
decode the data portion after eight repetitions, the next attempt to decode takes place after
receiving another four repetitions, i.e. after receiving twelve transmissions of the same data
portion. If the decoding after the twelve transmissions is successful, a positive acknowledgement
is generated and transmitted, spread with a spreading sequence [1 1 -1 -1] which indicates the
bundle length Ne of 12.

If the decoding after reception of twelve transmissions of the same data portion still fails, the
decoding is attempted after reception of all sixteen transmissions of the same data portion. If the
decoding is then successful, a positive acknowledgement is generated and spread with a
spreading sequence [1 1 1 1]. If, on the other hand, after all sixteen repetitions, the decoding still
fails, a negative acknowledgement is transmitted, spread with the same spreading sequence [1
1 1 1]. The positive and the negative acknowledgement may be indicated by one bit which may
be, for instance, 1 and -1, respectively, or vice versa. Accordingly, the jointly coded codeword for
the positive acknowledgement and Ne=16 is [1 1 1 1] whereas the codeword for the negative
acknowledgement is [-1 -1 -1 -1]. This has the benefit that the signal used for NACK with
spreading looks identical to the signal used for NACK without spreading, and is furthermore the
inverse of the ACK signal without spreading. This can result in a more simplified implementation
of the embodiment especially for cases where the feedback with spreading is employed
alongside feedback without spreading in a cell served by the data transmitting device.
Alternatively, the employed spreading code for a failed decoding after all sixteen repetitions is
identical to the spreading sequence used for the smallest Ne, i.e. [1 -1 -1 1] in this example. The
positive and the negative acknowledgement may be indicated by one bit which may be, for
instance, 1 and -1, respectively, or vice versa. Accordingly, the jointly coded codeword for the
positive acknowledgement and Ne=4 is [1 -1 -1 1] whereas the codeword for the negative
acknowledgement is [-1 1 1 -1]. This has the benefit that the distance between NACK and ACK

with the minimum Ne is maximised, resulting in a small error probability.

As described above, the example of Figure 3 may be modified so that S<d. For instance, S=3
which enables signaling of 3 different values for Ne. These may be, for instance, 5, 10, and 16.

However these values are only exemplary and any other assignment is within the scope of this
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embodiment. For instance, it may be beneficial to provide a finer resolution for the values around
N. This may be achieved by distributing the 3 Ne values e.g. as 6, 12, 16 or in another way with

smaller distance between the values closer to N.

It should be noted that in general, the number of repetitions after which the data receiving unit
attempts to decode the data portion does not need to be identical to the values available for Ne.
For example, the data receiving unit may choose the number of received repetitions in
accordance with the processing capabilities, i.e. taking the hardware/software implementation
into account. On the other hand, the system may define or configure which values of Ne are
most interesting for the feedback perspective. In such a case, if the data receiving unit
determines a successful decoding of the data portion after the reception of a first value of
repetitions, the indicated Ne value should correspond to the smallest defined Ne value that is
larger than said first value of repetitions. For example, if the 3 different values 5, 10, and 16 are
defined for Ne, the data receiving unit should use the following relation to determine which Ne

value is given as a feedback:

Nd: Number of received repetitions for
Ne value for feedback
successful decoding of the data portion

1-5 5
6-10 10
11-16 16

The three values Ne may be then coded by respective three different spreading codes.

In the general case of using non-orthogonal spreading codes, an example can be to use the
binary representation of 0-15 as the corresponding spreading code. So in case that N=16 and
r=1, the following mapping between the spreading code index ¢ and the spreading code could

be obtained:

c | Spreading Code

1 0000
2 0001
3 0010
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4 0011
5 0100
6 0101
7 0110
8 0111
9 1000
10 1001
11 1010
12 1011
13 1100
14 1101
15 1110
16 1111

In case that the spreading code is used as an XOR function to the ACK/NACK signal, it is not
useful to employ a spreading code and its inverse, e.g. 0000 and 1111 since an ACK spread by
0000 would look the same as a NACK spread by 1111. Therefore if any spreading code used as
an XOR function for NACK, its inverse should not be used for any ACK indication. A simple

solution in the above table is to not allow the use of spreading code 0000.

Another property that can be seen from the exemplary table is that the difference between e.g.
c=2 and ¢=10 is just the spreading operation of a single subframe. If for example Nd=Ne=c, this
implies that even relative small-scale errors (e.g. as here in just a single subframe) may result in
a large Ne value error at the data transmitting device. To increase the reliability, the number of
used spreading codes should be further reduced and the relation between ¢ and the spreading

code should be chosen to guarantee e.g. a minimum Hamming distance of 1 for adjacent values

32



WO 2016/015213 PCT/CN2014/083182

of Ne. The following table gives an example using the modulo ambiguity determination

mentioned above:

Spreading code index ¢
Spreading Code
c=Ne mod 8
0 1111
1 1110
2 1010
3 1011
4 0011
5 0111
6 0101
7 1101

Here, any two spreading codes for adjacent values Ne and Ne+1 have a Hamming distance of 1,
and the Hamming distance between spreading codes for any Ne and Ne+2 is 2. Therefore the
most likely errors have only an Ne error of 1 as a consequence. In addition, the Hamming
distance between any spreading code for ACK and the spreading code for NACK (provided that
this is chosen from these spreading codes) is 2 as well, meaning that an ACK-NACK error is not

the most likely error case.

A different exemplary relation for the continuous range ambiguity is given in the following table:

Spreading code index ¢

(N — 1).4 Spreading Code

16
0 (Ne=1..4) 1001
1 (Ne=5..8) 1100
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2 (Ne=9..12) 1010

3 (Ne=13..16) 1111

Here, the spreading codes have been chosen according to the Walsh-Hadamard matrix
(changing from the 1/-1 to the equivalent 1/0 notation). As known from Walsh-Hadamard matrix
theory, the Hamming distance between any two codes of length 2 is 2", i.e. for a length 4 code
the Hamming distance is 2, keeping all error cases equally or even less likely than in an example
where 8 spreading codes could be used with some Hamming distances of 1, at the expense of a

reduced Ne granularity.

In order to keep the spreading sequences orthogonal, any well known orthogonal pseudo
random sequences may be applied. For instance, Walsh-Hadamard code or discrete Fourier
transformation (DFT) based complex spreading code may be employed. The Walsh-Hadamard
code can be used in cases in which the length of orthogonal code is a power of 2, such as 4, 8
or 16 and so on. The following is an example of a Walsh-Hadamard matrix consisting of rows
which represent four different spreading sequences (here using the notation of 1 and -1, those

skilled in the art will appreciate that alternative representations using tzhe notation of 1 and 0 are

equivalent):
h 1 1 1]
-1 1 -1
1 -1 -1
-1 -1 1]

Other lengths such as 5, 6, 7, 9 and so on may be achieved by applying the DFT based complex
spreading code. In the following, an example of a DFT based complex spreading code formed

by rows of the matrix are shown:

L N B 1]

'1 QTS GibEIS  j6nls  j8als ]
:1 ej87r/5 ej67r/5 ej47r/5 ej27r/5:
:1 ej47r/5 ej87r/5 ej27r/5 ej67r/5:
:1 ej67r/5 ej27r/5 ej87r/5 ej47r/5:
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Alternatively, Zadoff-Chu (ZC) sequences may be used for spreading. Zadoff-Chu sequences
are complex spreading codes which have zero correlation of its cyclical shifts. If a terminal
transmits with the same Zadoff-Chu cyclic shift in different subframes, the transmissions are
orthogonal even if some subframes overlap. If a terminal transmits with a different Zadoff-Chu
cyclic shift in the same subframes, no inter-code interference is introduced. Another advantage
of the Zadoff-Chu sequences is that they allow for arbitrary start of reception acknowledgement
transmission, i.e. the transmission of the feedback information may be un-slotted. The Zadoff-
Chu sequences are also employed in the random access procedure in the LTE. The
corresponding part of the specification may be found in 3GPP TS 36.211, v12.2.0., “Physical

channels and modulation”, Section 5.5.1.

[+1 +1 +1 +1 +1 +1 +1 +1]
[+1 -1 +1 -1 +1 -1 +1 -1]
[+1 +1 -1 -1 +1 +1 -1 -1]
[+1 -1 -1 +1 +1 -1 -1 +1]
[+1 +1 +1 +1 -1 -1 -1 -1]
[+1 -1 +1 -1 -1 +1 -1 +1]
[+1 +1 -1 -1 -1 -1 +1 +1]
[+1 -1 -1 +1 -1 +1 +1 -1]

In the above example, the number of transmissions Nd after which the decoding was successful
is determined. The corresponding information, the bundle length information, may correspond to
Nd. The bundle length information may convey directly the Nd. However, the bundle length
information may convey a function of the determined number of transmissions Nd. For instance,
the bundle length information may indicate how many subframes until the maximum (N) were not
required for successful decoding. This corresponds to an offset to the maximum which may be
advantageous for a finer granularity around the maximum, and which is therefore also
independent of the value of N itself and is therefore particularly advantageous if the bundle
length may change frequently, such as from bundle to bundle. As an example, the following

feedback information could be used in this embodiment:
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Nd: Number of received repetitions for _ _
_ _ Bundle length information
successful decoding of the data portion

1to N-16 16 (equivalent to N-16)
N-15to N-5 5 (equivalent to N-10)
N-4to N 0 (equivalent to N)

The three values of the bundle length information may be then coded by respective three

different (e.g. orthogonal) spreading codes.

Moreover, the negative acknowledgement may also be spread by different spreading codes
indicating how many more retransmissions would be required, i.e. how long the next bundle for
the same data portion should be. This may be helpful for the data transmitting device, such as
eNodeB for scheduling retransmissions. For instance, the terminal may determine the number
Nd of overall transmissions of the same data portion after transmission of more than one
transmission bundles for one or more previously received data portion(s). However, the present
invention is not limited thereto and the number Nd of all transmissions (counted over all
transmission bundles for the same data portions) may be estimated on the basis of a reliability
metric calculated by a soft-decoder when attempting to decode the data portion. For example,
the reliability of the most likely (most reliable) and the second most likely (second most reliable)
codeword may be compared and Nd may be determined accordingly, e.g. proportionally to the

difference.

The operation of spreading the feedback information can also be performed in the 1/Q domain,
i.e. it can be seen as a modification of the signal in the complex signal plane. The increasing of
the minimum distance between the negative acknowledgement and any positive
acknowledgement (i.e. the positive acknowledgement spread by any of the spreading
sequences used to indicate the bundle length information) can be achieved, by designing the
signal and sequence in the complex signal plane accordingly. For example, if before spreading
an ACK is represented by +1 and a NACK is represented by -1, the spreading can be designed
to affect the ACK/NACK signal similar to e.g. PSK or QAM modulation alphabets, where
potentially only a subset of constellation points is utilised to represent the plurality of ACK and
the NACK feedback signal.
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For example, a simple QPSK alphabet shown in Figure 6 can be expressed by the following

modulation points:
D, = exp[ jox ﬂ ie{0,123}

If the signal for NACK after 1/Q spreading is p,, = eXp(jﬂ'), and the ACK feedback should

5 carry three different values N4, N2, N3 for Ne, the following constellation point mapping (and the

corresponding spreading code definition ¢) can be exemplarily employed , shown in Figure 7A:

Pack Ne=n, ~ eXp(] O) Cack yeon, =1

T T
Pack Ne=n, ~ exp[] EJ Cuck Ne=N, exp[] 2}

T T
Pack ve=n, — —J E Cuck Ne=n, = €XP| —J E
N, <N,<N,=N

Chucx =1

With such a mapping, the following squared Euclidean distances can be obtained:

Signal 1
Pruck | Pack we=n, | Pack ve=n, | Pack ne=n,
Signal 2
Prack 0 4 2 2
P ack Ne=n, 4 0 2 2
P ack Ne=w, 2 2 0 4
P ack Ne=n, 2 2 4 0

It may be noted that this design exploits already all the available 4 spreading sequences.

10  For example, a simple 8-PSK alphabet can be expressed by the following modulation points:

P = exp[ jZEéJ ie{0,1,2,3,4,5,6,7)

37



5

10

15

WO 2016/015213 PCT/CN2014/083182

For example, if the signal for NACK after 1/Q spreading is p.,x ZeXp(jﬂ'), and the ACK

feedback should carry three different values N4, N2, N3 for Ne, the following constellation point

mapping (and the corresponding spreading code definition ¢) can be exemplarily employed:

J
J

With such a mapping, the following squared Euclidean distances can be obtained:

Pack Ne=n, ~ exp(j O) =1

Cck Ne=,

Pack ve=n, =

T .
_J CACK Ne=N, — exp[]
4

z) ~
2

J CACK Ne=N, — exp[]

NN RN

Pack ve=n, = €XP| J

N, <N, <N,=N

Chucx =1

Signal 1
Pruck | Pack we=n, | Pack ne=n, | Pack ne=n,
Signal 2
Pruck 0 4 ~3.41 2
P ack Ne=n, 4 0 ~0.59 2
PACK,N@:NZ N341 N059 0 N059
P ack Ne=n, 2 2 ~0.59 0

In both the QPSK and the 8-PSK example, when assuming that the Noise is additive white
Gaussian Noise, the error probability increases with decreasing squared Euclidean distance. In
the QPSK example, it can be seen that the least likely error cases are NACK-ACK(Ne=N;) and
ACK(Ne=N;)-ACK(Ne=N,), followed by NACK-ACK(Ne=N;), NACK-ACK(Ne=N,), ACK(Ne=N,)-
ACK(Ne=N;) and ACK(Ne=N1)-ACK(Ne=N,). Since N, <N, <N, =N, this implies that an error
between NACK and the smallest Ne value is least likely, and an error between NACK and the

largest Ne is more likely.

For the 8-PSK example, it can be seen that the least likely error case is NACK-ACK(Ne=N,),
followed by NACK-ACK(Ne=N,), followed by NACK-ACK(Ne=N;), followed by the most likely

error cases ACK(Ne=N,)-ACK(Ne=N,) and ACK(Ne=N;)-ACK(Ne=N,). Since N, <N, <N;=N,

this means that an error between NACK and the smallest Ne value is least likely, and an error
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between ACK with the largest Ne and the medium Ne is most likely, as is an error between ACK
with the smallest Ne and the medium Ne. As described previously, these are the most preferable
error properties for the system, as an error between ACK of different Ne values is less harmful to
the communication system than between NACK and any ACK; accordingly, the corresponding
squared Euclidean distance between NACK and any ACK should be preferably larger than

between any ACK constellation points.

Using a PSK alphabet or cosntellation as the basis for the signal and spreading code design has
some benefit in that each feedback signal is transmitted with the same power. If for example a
QAM alphabet or constellation serves as the basis for the signal and spreading code, the design
should further use constellation points that result in an equal transmission power. This could be
easily achieved by using a constellation point for NACK with the largest possible transmit power,
and using constellation points for the various reception acknowledgement and bundle
information signals that reside in the antipodal quadrant of the NACK signal with the exception of
the signal point with the largest transmit power. For example in a 16-QAM alphabet, each
constellation point can be expressed by p,, :% ik e {— 3,—1,+1,+3}. Then one possibility

for fulfilling the described condition is shown in Figure 8A and given by:

3.3y
Prack = m . . 1343
_+1+3) AR m
Pack ve=n, m . . +143)
34 ACK Ne=N), m
Pack ve-w, m ’c . 134
14y ACK Ne=V, m
Pack ve-w, m ey

C _ =
N, <N,<N,=N """ o

It may be noted that the exemplary designs here for 8-PSK and 16-QAM employ only a subset of
the available constellation points, that is they include already the aspect that the distances can
be increased by such a subset approach as outlined previously, as obviously a 8-PSK
constellation would support up to 8 different spreading codes and a 16-QAM would support up to

8 different spreading codes.

In case that more than 3 Ne values should be defined for the feedback signal, other constellation

points can be added. The general aspect of the present disclosure is kept that the squared
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Euclidean distance between NACK and the ACK with the largest Ne value should be the
smallest distance compared to NACK and any other Ne value; furthermore the squared
Euclidean distance between between NACK and the ACK with the smallest Ne value should be
the largest distance between NACK and any other Ne value. Generally, the order of squared
Euclidean distances d” between NACK and any ACK+Ne value should be the reverse order of
Ne values; in other words, if Ni<N, then d*(NACK-ACK,N;)2d*(NACK-ACK,N,), where the
equality may be necessary especially in cases like above for QPSK. This principle is equally
applicable to higher order alphabets such as e.g. a 64-QAM alphabet or 16-PSK alphabet, or
any less regular alphabet that can be represented by complex coordinates. Those skilled in the
art will appreciate that a rotation by an angle ¢ for each of the employed points equivalent to a
multiplication by exp(j* ¢) can be done wihtout changing the squared Euclidean distance
properties; also that applying the design based on the squared Euclidean distances between
constellation points is equivalent to basing them on the Euclidean distances (i.e. not squared)

mutatis mutandis.

In Figure 7B, an alternative example for using the 8-PSK modulation points for the feedback
information signalling. Compared to the example shown in Figure 7A, the overall NACK-ACK
error probability is reduced because the smallest distance to any ACK point is larger than in
Figure 7A (i.e. in Figure 7A the minimum NACK-ACK squared distance is 2, wherein in Figure
7B the minimum NACK-ACK squared distance is ~3.41). This comes however at the expense of
having an increased error probability between Ne=N, and Ne=Ns,, as the corresponding squared

distance is reduced from 2 to ~0.59.

In Figure 8B, an alternative example for using the 16-QAM modulation points for the feedback
information signalling, which notably uses the highest transmit power for the feedback of NACK
as well as for ACK with Ne=N,, but still keeping the average power of the four supported
constellations point to 1. Compared to the example shown in Figure 8A, the overall NACK-ACK
error probability is slightly increased because the smallest distance from NACK to any ACK point
is larger than in Figure 8A (i.e. in Figure 8A the minimum NACK-ACK squared distance is 3.2,
wherein in Figure 8B the minimum NACK-ACK squared distance is 2). This comes however at
the benefit of having a reduced error probability between NACK and Ne=N,, as the
corresponding squared distance is increased from 5.2 to 7.2. Additionally, the error probability
between Ne=N, and Ne=Nj; is reduced due to an increased squared Euclidean distance from 0.4
to 2. This latter aspect is benefial since an error between Ne=N, and Ne=N3 is more detrimental

to the communication system than an error between Ne=N; and Ne=N, provided that N;< N>< Nj.
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It should be further noted that particularly the 8-PSK and 16-QAM examples utilise a different
spreading code for NACK and any ACK to further increase the corresponding distances.
Generally this approach becomes advantageous, if the number of values that should be
conveyed for reception acknowledgement and the bundle information is smaller than the number
of available constellation points minus one. It is noted that the above constellations are only
examples and the above described disclosure is also applicable to any other multi-level
modulations such as M-QAM with M=64, 128, 256 or any other or M-PSK such as 16-PSK or 64-
PSK or others. The present approach is also applicable to other modulation schemes including

M-PAM and coset modulations or any other schemes.

The above example illustrates joint coding of the reception acknowledgement and the bundle
information. However, the joint coding of the reception acknowledgement and the bundle length
information may also be performed in another way. For instance, the respective combinations of
ACK with the bundle length information may be assigned corresponding spreading sequences,
whereas NACK is assigned one other spreading sequence or, different combinations of NACK

and bundle length information may be assigned respective spreading sequences.

However, the present invention is not limited to any of the above described implementations of
joint coding and the bundle length indication does not have to be a part of the reception
acknowledgement feedback. It may be conveyed as a part of MAC control element. This way of
signaling could achieve a better averaging already at the terminal side. On the other hand, the
MAC signaling requires an extra uplink packet which may be more costly, especially in the

coverage enhancement mode.

In the example described with reference to Figure 4, the bundle length was determined by the
spreading code. In case of Zadoff-Chu codes or any codes having similar correlation properties,
instead of spreading codes the bundle length information may be signaled by selection of a

particular cyclic shift within a subframe.

As already mentioned above, the coding of the reception acknowledgement and the bundle
length information is not limited to directly spreading (by e.g. applying XOR with the binary
spreading sequence to the reception acknowledgement). Rather, according to an embodiment,
the spreading sequence determines the resources on which the reception acknowledgement
(ACK/NACK) is transported. Figure 3B illustrates this approach. Figure 3B is similar to Figure 3A.
However, in Figure 3B the spreading sequence is used to determine the location of the
resources for ACK/NACK rather than to multiply the ACK/NACK signal.

41



10

15

20

25

30

WO 2016/015213 PCT/CN2014/083182

In particular, in Figure 3B, there are two resources a, b which can be used to convey the
acknowledgement. However, only one of the resources per subframe is effectively used. For
instance, if the decoding was successful after Nd=4 repetitions, the spreading sequenceis[ab b
a]. This means that the acknowledgement (negative or positive) is transmitted in four subframes:
in the first subframe in the resource a, in the second subframe in the resource b, in the third
subframe in the resource b and in the fourth subframe in the resource a. The resource “a” may
be a particular resource block within the subframe, whereas the resource “b” is one other
resource block within the same subframe. The subframes may be consecutive as illustrated in
Figure 3B.

However, it is noted that the present invention is not limited thereto and that, in general, the
subframes are not necessarily consecutive. Moreover, the resource blocks is only one example
of the resources a and b. In general, the resources may be represented by a cyclic shift (shift by
a and shift by b bits, respectively) of a Zadoff-Chu sequence, or any sequence with the feature
of being orthogonal to itself upon (at least certain) shifts. Alternatively, the resources may be

slots of the frame or any other resource portions of a subframe.

Alternatively or in addition, resources a and b may be also defined by the subframe. For instance,
there may be M subframes for effective transmitting the acknowledgement repetitions but 2*M
consecutive subframes within which these M subframes are distributed. For instance, resources
a and b are located in two consecutive subframes and this pattern is repeated 4 times.
Accordingly, the spreading sequence [a b b a] would be transmitted in the first, fourth, sixth and

seventh of eight consecutive subframes.

It is noted that the position of the resources does not have to be binary. Rather, there may be a
possibility to select between a plurality of resource locations a, b, c, ... etc. More resources may
increase the distance between the particular resources and thus, decrease the probability

collisions and therefore of erroneous decoding of the feedback information.

In Figure 3B, the spreading code for the ACK and the bundle length information corresponding
to Ne=N (successful decoding after the number of repetitions being equal to transmission bundle
length) is equal to the spreading code for signaling NACK. This is beneficial, since an ACK after
N repetitions is closer to the NACK as ACK with any other number of repetitions. Thus, if an
error occur, its negative consequences are not as detrimental to the communication system; as
indicated previously, an error resulting in a fundamentally wrong value of the sufficient bundle
length may have consequences on tha later resource assignments, i.e. resulting in a far too

large or far too small transmit bundle size determination at the data transmitting device.
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In the above examples the repetition of the reception acknowledgement, i.e. the spreading of the
ACK/NACK over time domain has been mainly described as spreading over multiple subframes
such as subframes in the LTE. However, the present invention is not limited thereto and, in
general, the spreading may also be performed over temporal domain resources with a
granularity different from the LTE subframes. For instance, the spreading may also be performed
over OFDM symbols of one subframe or over the two slots of the subframe. It is noted that
combined solutions are possible and advantageous, such as spreading the ACK/NACK over
selected OFDM-symbols of a plurality of subframes or slots. The OFDM symbols may also be
grouped into symbol portions, each portion having a predefined number of OFDM symbols, and

the spreading may be performed over the symbol portions.

Figure 4 shows an example of a data receiving device 400B for receiving data in a wireless
communications system. The wireless communication system may be LTE or any other wireless
cellular system. However, it may also be any other communication system in which data is
transmitted and received over a wireless interface, for instance any ad-hoc network or home
network. The data receiving device 400B includes a receiving unit 450 for receiving up to a
predetermined number N of transmissions of a data portion in a transmission bundle, coded in
the respective predetermined number N of subframes; a feedback control unit 460 for judging
whether or not the data portion was decoded successfully and for generating a positive or a
negative reception acknowledgement in accordance with the result of the judging, and for
determining a number of transmissions Ne after which the decoding of the data portion was
successful; and a transmitting unit 480 configured to transmit the reception acknowledgement
and to transmit a bundle length information corresponding to the determined number Ne of

transmissions or a function of said determined number Ne of transmissions.

The receiving unit 450 may be further configured to receive from the data transmitting device
configuration information concerning the number N of transmissions to be applied for future data
portions to be transmitted. Upon reception of such configuration information, the data receiving
device 400B may confirm the configuration by sending the back with the transmitting unit 480 a
confirmation message to the data transmitting device 400A. Such an approach is
advantageously applied if the configuration is performed over higher layer protocol such as RRC.
The newly adopted configuration of N is then applied, i.e. the receiving unit 450, as well as a
feedback control unit 460 are configured accordingly. In case of physical layer signalling such as
DCI, no such explicit confirmation is necessary, and the receiving unit 450 would apply the new

configuration of N upon reception of the same.
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The feedback control unit 460 performs tasks concerning feedback information generation. For
instance, it determines whether the data portion was decoded successfully and generates a
feedback positively or negatively acknowledging the receipt. Moreover, it determines after how
many repetitions of the data portion the decoding was successful. The feedback control unit then
generates the corresponding sufficient bundle size information as described above. The positive
or negative acknowledgement, as well as the sufficient bundle size, are then transmitted by the
transmitting unit 480. The transmission of the acknowledgement and the bundle size may be
performed within one message. However, it is also possible to transmit them separately, in
particular, in one implementation, the acknowledgement is transmitted (and, possibly, also
determined) more frequently than the indication of the bundle size sufficient for successful
decoding and using a different transmission mechanism; for example, the transmission of the
acknowledgement may be done using a physical uplink control channel, while the indication of
the bundle size may be done by means of a MAC control element that is ultimately transmitted

using a physical uplink shared channel.

The data receiving device 400B may further include a feedback coding unit 465 for encoding the
reception acknowledgement and the bundle length information. In particular, the reception
acknowledgement and the bundle length information may be coded jointly. However, the
feedback coding unit 465 may alternatively encode the bundle length information and the
acknowledgement separately and/or in a different manner, especially in case both are

transmitted separately as outlined above.

The data receiving device 400B can also include a feedback mapping unit 470 for mapping the
feedback information onto wireless system resources by spreading it to a plurality M of
subframes located at least a predetermined number k of subframes after the last subframe of the
predetermined number N of transmissions of the data portion. However, it is noted that the
present invention is not limited to apply repetitions for the transmission of the feedback
information. Nevertheless, the time domain redundancy provides the advantage of increasing
the probability of correct detection and decoding of the feedback at the data transmitting device
side. The feedback mapping unit 470 is advantageously configured to spread the feedback
information over the M subframes in accordance with a spreading rule of a predetermined
number d of rules, the spreading rule being determined in accordance with the bundle length.
The spreading rule maybe a spreading code out of a set of d spreading codes. Beneficially, the d
spreading codes are orthogonal with respect to each other. However, the present invention is
not limited to employ the spreading to feedback. The spreading may be understood as coding of

the feedback information with a codeword corresponding to the respective spreading sequence.
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Advantageously, the number d of the spreading rules is smaller than the number N of
transmissions. Accordingly, not all values of the sufficient bundle length can be signaled.
Therefore, the granularity of the bundle length information is coarser. However, the redundancy

caused by the repetition is reduced.

The spreading sequences may belong to one of Walsh-Hadamard code, DFT-based complex

spreading code or Zadoff-Chu code or different cyclic shifts of a pseudo-random sequence.

The bundle length information does not necessarily convey the sufficient bundle length directly in
the form of the number of transmissions after which decoding was successful or a function
thereof. In accordance with an implementation, the difference between N and the determining
number of transmissions Ne after which the decoding of the data portion was successful, which
means the number of transmissions of a bundle which were not necessary to successful decode

a data portion.

Figure 4 also shows the data transmitting device 400A for transmitting data in the wireless
communications system, the device comprising: a transmitting unit 410 for transmitting a
predetermined number N of transmissions of a data portion, coded in the respective
predetermined number N of subframes; a feedback receiving unit 420 for receiving a reception
acknowledgement and for receiving a bundle length information from a data receiving apparatus,
the bundle length information corresponding to a number of transmissions or a function of said
number of transmissions after which the decoding of the data portion at the receiving apparatus
was successful; and a transmission control unit 440 for setting the predetermined number N in

accordance with the received bundle length information.

The data transmitting device 400A further includes a feedback decoding unit 430 for decoding
the feedback received. As described above, the feedback information may be coded for instance
by means of applying a spreading code to the acknowledgement in accordance with the value of
the bundle length. In accordance with the feedback received and in particular in accordance with
the bundle length information, a repetition control unit 440 evaluates, whether or not it is
necessary to change the number of repetitions N, meaning that the number of repetitions can be
lowered or increased in accordance with a feedback. The repetition control unit 440 decides
whether a new value of N is necessary and, if so, instructs the transmitting unit 410 to apply the
new value. In addition, the transmitting unit 410 may be configured to transmit the newly set
value to the data receiving device and to apply the new value, possibly after receiving the

confirmation from the data receiving device.
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It is noted that apart from the possibility of configuring the transmission bundle length, the type of
bundle length information reporting may be configured by the data transmitting device and
signaled to the data receiving device. For instance, the number M of repetitions applied for
transmitting the feedback may be signaled. Moreover, the value(s) g or resolution r of the bundle
length information Ne signaling may be configured and conveyed. Alternatively, the configuration
may include the particular amounts of repetitions after which the decoding is attempted at the
data receiving device. Alternatively or in addition, the type and/or length and/or amount of
spreading codes may be signaled. In general, they may be predefined profiles including pre-set
configurations of the bundle length information reporting, which may be selected by the data

transmitting device and signaled to the data receiving device.

The repetition control unit 440 may perform the decision on whether or not to change the value
of N either regularly with a predetermined frequency or in an event-driven manner. In particular,
the repetition control unit 440 may decide, based on comparison of a function of the recently
received bundle lengths Ne with the currently applied, whether a change of N is necessary. A
change of N may be considered as necessary, if the difference between the function and the

current N exceeds a predetermined threshold.

In accordance with another embodiment of the present invention a system is provided which
includes the data transmitting device 400A and the data receiving device 400B as described

above communicating with each other over a wireless interface.

It is noted that the data transmitting apparatus may be a base station and the data receiving
apparatus may be a user equipment, wherein the above mentioned units are embodied by a
specialized chip or a digital signal processor or a mixture of correspondingly configured /
programmed hardware. For instance, the receiving and the transmitting units may include the
antennas, the respective A/D and D/A converters, demodulators and a baseband digital signal
processing hardware auch as a digital signal processor or a general purpose processor or FPGA
or an ASIC or the like, which then performs the reception/transmission on the bit level. The
feedback control unit may be embodied on the same piece of hardware as the base band digital

signal processing and coding/decoding or in a different piece of hardware.

Figure 5 is a flow diagram illustrating methods for transmitting and receiving data respectively in

a wireless communication system as described above.

In particular, a method is provided for receiving data in a wireless communications system, the

method comprising the steps of receiving 520 up to a predetermined number N of transmissions

46



10

15

20

25

30

WO 2016/015213 PCT/CN2014/083182

of a data portion in a transmission bundle, coded in the respective predetermined number N of
subframes; determining 530 whether or not the data portion was decoded successfully and for
generating a positive or a negative reception acknowledgement in accordance with the result of
the determining, and for determining 530, 540 a number of transmissions Ne after which the
decoding of the data portion was successful; and transmitting 550 the reception
acknowledgement and transmitting 550 a bundle length information corresponding to the
determined number Ne of transmissions or a function of said determined number Ne of
transmissions. It is noted that the step of receiving 520 may include a receiving of all N
repetitions. However, in order to save power, the reception may be performed only until the
decoding of the data portion is successful. As soon as the decoding is successful, no further
repetitions are necessary. If the decoding is not successful and not all N repetitions are received
and processed, a subsequent execution of step 520 may assume a different value of r from

previous executions of step 520.

Moreover, a method is provided for transmitting data in a wireless communications system, the
method comprising the steps of transmitting 510 a predetermined number N of transmissions of
a data portion in a bundle, coded in the respective predetermined number N of subframes;
receiving 560 a reception acknowledgement and for receiving a bundle length information from a
data receiving apparatus, the bundle length information corresponding to a number of
transmissions or a function of said number of transmissions after which the decoding of the data
portion at the receiving apparatus was successful; setting 570 the predetermined number N in
accordance with the received bundle length information. Moreover, the configuration step may
be further followed by transmitting the newly configured N to the data receiving device. At the

data receiving device, a step of receiving 580 and configuring N may further be performed.

The steps of the above described methods may also be performed by a processor or a
processing unit including a plurality of interconnected hardware pieces such as processor(s),
ASIC(s), FPGA(s) etc.

The explanations given in the Technical Background section above are intended to better
understand the specific exemplary embodiments described herein and should not be understood
as limiting the invention to the described specific implementations of processes and functions in
the mobile communication network such as a network compliant with the 3GPP standards.
Nevertheless, the improvements proposed herein may be readily applied in the
architectures/systems described in the Technological Background section and may in some

embodiments of the invention also make use of standard and improved procedures of theses
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architectures/systems. It would be appreciated by a person skilled in the art that numerous
variations and/or modifications may be made to the present invention as shown in the specific

embodiments without departing from the spirit or scope of the invention as broadly described.

Another embodiment of the invention relates to the implementation of the above described
various embodiments using hardware and software. It is recognized that the various
embodiments of the invention may be implemented or performed using computing devices
(processors). A computing device or processor may for example be general purpose processors,
digital signal processors (DSP), application specific integrated circuits (ASIC), field
programmable gate arrays (FPGA) or other programmable logic devices, etc. The various
embodiments of the invention may also be performed or embodied by a combination of these

devices.

Further, the various embodiments of the invention may also be implemented by means of
software modules, which are executed by a processor or directly in hardware. Also a
combination of software modules and a hardware implementation may be possible. The software
modules may be stored on any kind of computer readable storage media, for example RAM,
EPROM, EEPROM, flash memory, registers, hard disks, CD-ROM, DVD, etc.

Summarizing, the present invention relates to transmission and reception of data in a wireless
communication system. In particular, the predetermined number of repetitions of the same data
portion is transmitted over the wireless interface. The receiving device receives the repetitions,
attempts their decoding and checks whether the decoding was successful. If the decoding was
successful after the predetermined number of repetitions or less, a positive acknowledgement is
generated. In addition, a feedback including a bundle size information is generated and
transmitted. The bundle size information includes a number of repetitions, smaller or equal to the
predetermined number, after which the decoding was successful. The feedback is transmitted to
the data transmitting device which may adapt the predetermined number of repetitions
accordingly. The invention enables efficient control of the number of repetitions applied which is

particularly advantageous for coverage enhancement purposes.
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CLAIMS

An apparatus for receiving data in a wireless communications system, the apparatus

compirising:

a receiving unit for receiving up to a predetermined number N of transmissions of a data

portion, coded in the respective predetermined number N of subframes;

a feedback control unit for judging whether or not the data portion was decoded
successfully and for generating a positive or a negative reception acknowledgement in
accordance with the result of the judging, and for determining a number of transmissions

Ne after which the decoding of the data portion was successful;

a transmitting unit configured to transmit the reception acknowledgement and to transmit
a bundle length information corresponding to the determined number Ne of transmissions

or a function of said determined number Ne of transmissions.

The apparatus according to claim 1, further comprising:

a feedback coding unit for generating a feedback information by jointly coding the

reception acknowledgement and the bundle length information,

wherein the transmitting unit is configured to transmit the feedback information.

The apparatus according to claim 2, further comprising:

a feedback mapping unit for mapping the feedback information onto wireless system
resources by spreading it to a plurality M of subframes located at least a predetermined
number K of subframes after the last subframe of the predetermined number N of

transmissions of the data portion.
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The apparatus according to claim 3, wherein the feedback mapping unit is configured to
spread the feedback information over the M subframes in accordance with a spreading
rule of a predetermined number d of rules, the spreading rule being determined in

accordance with the bundle length .

The apparatus according to claim 4, wherein the number d of the spreading rules is

smaller than the number N of transmissions.

The apparatus according to claim 4, wherein the spreading rule ¢ is an index designating
one of S orthogonal spreading codes, the code with index ¢ being used to spread the
reception acknowledgement and is selected according to the value of the bundle length

information Ne as follows:

=[5

or

¢=(N,modS).

The apparatus according to claim 5, wherein the feedback information Ne is coded by a

code including S codewords, among which:

S-1 codewords indicate a positive reception acknowledgement and the S-1 respective

values for coding the bundle length;

a codeword indicating a negative acknowledgement has a Hamming or Euclidean
distance to any of the S-1 codewords indicating positive acknowledgement larger than
the Hamming or Euclidean distance among the S-1 codewords indicating positive

acknowledgement, S being smaller or equal to d.
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The apparatus according to claim 7, wherein the codewords belong to one of Walsh-
Hadamard code, DFT-based complex spreading code or Zadoff-Chu code or different

cyclic shifts of a pseudo-random sequence.

The apparatus according to claim 2, wherein bundle length information indicates the
difference between N and the determining number of transmissions Ne after which the

decoding of the data portion was successful.

The apparatus according to claim 7, wherein the feedback information Ne is coded by the
code including further including one or more codewords for coding the negative
acknowledgement and a number of further transmissions in addition to N, which after

which the decoding of the data portion was successful.

The apparatus according to claim 3, wherein

said number N of subframes are consecutive subframes in the time domain of said

wireless system, and/or

said number M of subframes are consecutive subframes in the time domain of said

wireless system.

The apparatus according to any of claims wherein the transmitting unit is configured to
transmit the bundle length information after the receiving unit received all N

transmissions of said data portion.

The apparatus according to claim 1, wherein the transmitting unit is configured to
transmit the bundle length information within an information element of a medium access

control, MAC, protocol.
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An apparatus for transmitting data in a wireless communications system, the apparatus

compirising:

a transmitting unit for transmitting a predetermined number N of transmissions of a data

portion, coded in the respective predetermined number N of subframes;

a feedback receiving unit for receiving a reception acknowledgement and for receiving a
bundle length information from a data receiving apparatus, the bundle length information
corresponding to a number of transmissions or a function of said number of
transmissions after which the decoding of the data portion at the receiving apparatus was

successful;

a transmission control unit for setting the predetermined number N in accordance with

the received bundle length information.

A method for receiving data in a wireless communications system, the method

compirising:

receiving up to a predetermined number N of transmissions of a data portion, coded in

the respective predetermined number N of subframes;

judging whether or not the data portion was decoded successfully and for generating a
positive or a negative reception acknowledgement in accordance with the result of the
judging, and for determining a number of transmissions Ne after which the decoding of

the data portion was successful;

transmitting the reception acknowledgement and to transmit a bundle length information
corresponding to the determined number Ne of transmissions or a function of said

determined number Ne of transmissions.

A method for transmitting data in a wireless communications system, the method

compirising:

transmitting a predetermined number N of transmissions of a data portion, coded in the

respective predetermined number N of subframes;
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receiving a reception acknowledgement and for receiving a bundle length information
from a data receiving apparatus, the bundle length information corresponding to a
number of transmissions or a function of said number of transmissions after which the

decoding of the data portion at the receiving apparatus was successful;

setting the predetermined number N in accordance with the received bundle length
information.
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