(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

18 July 2013 (18.07.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/104411 A1

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
HO04W 72/04 (2009.01) HO4L 1/18 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
HO4L 5/00 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

. o HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

PCT/EP2012/050260 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
9 January 2012 (09.01.2012) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
) (84) Designated States (uniess otherwise indicated, for every

(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,

(71) Applicant (for all designated States except US): NOKIA GM, KE, LR, LS, MW’ MZ, NA, RW, SD, SL, 82, TZ,
SIEMENS NETWORKS OY [FI/FI]; Karaportti 3, FIN- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
02610 Espoo (FI). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, FE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(72) Inventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(75) Inventors/Applicants (for US only): TIIROLA, Esa SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

Tapani [FI/FI]; Porttikellonkuja 12, FIN-90450 Kempele

GW, ML, MR, NE, SN, TD, TG).

wo 20137104411 A1 [N D000 YOO

(F). LUNTTILA, Timo Erkki [FI/FI]; Tontunméentie 34
F, FIN-02200 Espoo (FI). HOOLIL, Kari Juhani [FI/FI];
Paloniemenranta 5 C 6, FIN-90540 Oulu (FI).

Published:

with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: ALLOCATION OF COMMUNICATION RESOURCES FOR CONTROL SIGNALS IN THE UPLINK

PLCCH me?i 1Ma1b
rezowees, mi

Fig. 5

Logical PUCCH
RB indsx im)

Cyrlic
shit (CS}

Format 22220

Number of rescurces
reserved for Persistent
ACKMACK and SRI,
configured by i

ooy

Mived HY

Format {1aib

PUCCH Format 1a/1b
resources resened for
dynamic ACK/NACK

PUCCH Fommat 1a/th
resources reserved for
HARQ-ACK
corresponding to
PDSCH scheduled via
ePDCCH

Resources available
for UE/current

Fomnar 11aib

subframe are denoted
by dark entries

(57) Abstract: The disclosure relates operation where information of at least one selected resource from a pool of resources for con-
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ALLOCATION OF COMMUNICATION RESOURCES FOR
CONTROL SIGNALS IN THE UPLINK

This disclosure relates to allocation of resources for
wireless communications and more particularly but not
explicitly to allocation of resources for uplink control

signals in a communication system.

A communication system can be seen as a facility that
enables communication sessions between two or more nodes such
as fixed or mobile devices, machine-type terminals, access
nodes such as Dbase stations, servers and so on. A
communication system and compatible communicating entities
typically operate in accordance with a given standard or
specification which sets out what the wvarious entities
associated with the system are permitted to do and how that
should be achieved. For example, the standards,
specifications and related protocols can define the manner
how devices shall communicate, how wvarious aspects of
communications shall be implemented and how devices for use

in the system shall be configured.

A user can access the communication system by means of an
appropriate communication device. A communication device of a
user 1is often referred to as user equipment (UE) or terminal.
A communication device 1s provided with an appropriate signal
receiving and transmitting arrangement for enabling
communications with other parties. Typically a device such as
a user equipment is used for —enabling receiving and
transmission of communications such as speech and content

data.

Communications can be carried on wireless carriers.

Examples of wireless systems 1include public land mobile
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networks (PLMN) such as cellular networks, satellite Dbased
communication systems and different wireless local networks,
for example wireless local area networks (WLAN). In wireless
systems a communication device provides a transceiver station
that can communicate with another communication device such
as e.g. a base station of an access network and/or another
user equipment. The two directions of communications between
a base station and communication devices of users have been
conventionally referred to as downlink and uplink. Downlink
(DL) can be understood as the direction from the base station
to the communication device and uplink (UL) the direction

from the communication device to the base station.

In certain systems allocation of resources for the
downlink and the uplink are handled independently. Uplink
(UL) assignments or grants sent to the user equipment (UE)
are used to inform the user equipment of resources the UE
shall use to transmit data. By means of the grants dynamic
allocation of resources can be provided. Transmission of the

scheduling information causes scheduling overhead.

Signalling of other types of control information is also
needed. The control information may be communicated for
example on physical uplink control channel (PUCCH). For
example, signalling for the purposes of error detection
and/or correction may be provided by means of such
signalling. Requests for retransmission of any information
that the recipient node did not successfully receive are
possible. For example, hybrid automatic repeat request (HARQ)
error control mechanism may be used for this purpose. The
error control mechanism can be implemented such that a
transmitting device shall receive either a positive or a
negative acknowledgement (ACK/NACK; A/N) or other indication

regarding its transmission from a receiving device.
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An example of resource allocation for HARQ can be given
in the context of a concept known as carrier aggregation
(CA). In carrier aggregation more than one carrier can be
used for communications between two devices. In CA, when
physical control channel (PDCCH) is from a serving cell, a
pool of N HARQ-ACK resources are defined for user equipment
(UE) and one of these resources is selected by a controlling
network element to carry ACK/NACK payload. Information of all
N resources in the pool 1s explicitly signalled via radio

resource control (RRC) to the user equipment.

Increased utilization of advanced systems for wvarious
scenarios and different data traffic types increases the need
to optimize the system further for a large number of users. A
way to achieve this is to improve scheduling efficiency. In
particular, reduction in scheduling overhead may be desired.
It might be desired 1in certain applications to reduce
downlink control signalling overhead caused by uplink and
downlink scheduling. Optimization of signalling on physical
downlink control channel (PDCCH) could be of particular

advantage.

It 1s noted that the above discussed issues are not
limited to any particular communication environment and
station apparatus, but may occur in any appropriate station

apparatus where internal communications are required.

Embodiments of the invention aim to address one or

several of the above issues.

In accordance with an embodiment there is provided an
apparatus for a network element, the apparatus comprising at
least one processor, and at least one memory including
computer program code, wherein the at least one memory and

the computer program code are configured, with the at least
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one processor, to select at least one resource from a pool of
resources for control signals in the uplink, cause signalling
of information of the selected at least one resource in the
downlink, and facilitate communication of control signals in
the uplink by at least one device based on at least one non-
selected resource from the pool of resources, wherein the at
least one resource is implicitly derived in accordance with a

predefined rule.

According to another aspect, there 1is provided an
apparatus for a communication device for enabling operation
thereof 1n a system where information of at least one
selected resource from a pool of resources for control
signals in the uplink 1is signalled in the downlink, the
apparatus comprising at least one processor, and at least one
memory including computer program code, wherein the at least
one memory and the computer program code are configured, with
the at least one processor, to implicitly derive at least one
non-selected resource from the pool of resources for control
signals in the uplink in accordance with a predefined rule,
and cause sending of control signals in the uplink on the

derived at least one non-selected resource.

According to another aspect, there is provided a method
for controlling communications, comprising selecting at least
one resource from a pool of resources for control signals in
the uplink, signalling information of the selected at least
one resource in the downlink, and facilitating communication
of control signals in the uplink by at least one device based
on at least one non-selected resource from the pool of
resources, wherein the at least one resource is implicitly

derived in accordance with a predefined rule.

According to yet another aspect, there 1s provided a

method for enabling operation of a communication device in a
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communication system where information of at least one
resource selected from a pool of resources for control
signals in the uplink 1is signalled in the downlink, the
method comprising implicitly deriving at least one non-
selected resource from the pool of resources for control
signals in the uplink in accordance with a predefined rule,
and sending of control signals in the uplink on the derived

at least one non-selected resource.

According to a more detailed aspect, signalling of error
correction function messages 1in a physical uplink control
channel is enabled by means of the at least one non-selected

resource.

Messages may be signalled in a physical uplink control
channel by means of the at least one non-selected resource,
the resource being determined based on an enhanced physical

downlink control channel.

At least first and second devices may communicate in the
uplink. The first devices may be configured for a physical
downlink control channel and to signal control signals in the
selected resources and the second devices may be configured
for an enhanced physical downlink control channel and to
signal control signals 1in the non-selected resources.
Different uplink resources may be allocated for the first and

second devices based on an offset parameter.

At least some information for deriving the non-selected
resources may be derived based on information of the selected

resources.

In accordance with a detailed embodiment a pool of
resources may be defined for uplink hybrid automatic repeat
request messages, each resource having an index. At least one

of the resources may be selected dynamically and information
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about the index or indexes of the dynamically selected
resource may be conveyed on an enhanced physical downlink
control channel. The at least one non-selected resource can
then be derived based on the index information and an offset.
Said index information may be signalled by means of a

transmit power control message.

At least one non-selected resource may be derived
implicitly based on at least one parameter associated with an
enhanced physical downlink control channel, physical downlink

shared channel and/or a communication device.

A common implicit rule may be sued for all channels. A
dynamic modifier may be used for distinguishing different

uses.

A node such as a base station or a communication device
of a user of machine type terminal can be configured to

operate in accordance with the various embodiments.

A computer program comprising program code means adapted
to perform the method may also be provided. The computer
program may be stored and/or otherwise embodied by means of a

carrier medium.

It should be appreciated that any feature of any aspect

may be combined with any other feature of any other aspect.

Embodiments will now be described in further detail, by
way of example only, with reference to the following examples
and accompanying drawings, in which:

Figure 1 shows a schematic diagram of a communication
system comprising a base station and a plurality of

communication devices;
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Figure 2 shows a schematic diagram of a mobile
communication device according to some embodiments;

Figure 3 shows a schematic diagram of a control apparatus
according to some embodiments;

Figure 4 shows a flowchart according to an embodiment;

Figure 5 shows a PUCCH structure in accordance with an
embodiment; and

Figure 6 shows  use of resources with different

parameters.

In the following certain exemplifying embodiments are
explained with reference to a wireless or mobile
communication system serving mobile communication devices.
Before explaining in detail the exemplifying embodiments,
certain general principles of a wireless communication
system, access systems thereof, and mobile communication
devices are briefly explained with reference to Figures 1 to
3 to assist in understanding the technology underlying the

described examples.

An example of wireless communication systems are
architectures standardized by the 3rd Generation Partnership
Project (3GPP). A latest 3GPP based development is often
referred to as the long-term evolution (LTE) of the Universal
Mobile Telecommunications System (UMTS) radio-access
technology. The wvarious development stages of the 3GPP LTE
specifications are referred tTo as releases. More recent
developments of the LTE are often referred to as LTE Advanced
(LTE-A). The LTE employs a mobile architecture known as the
Evolved Universal Terrestrial Radio Access Network (E-UTRAN).
Base stations of such systems are known as evolved or
enhanced Node Bs (eNBs) and may provide E-UTRAN features such

as user plane Radio Link Control/Medium Access



10

15

20

25

30

WO 2013/104411 . PCT/EP2012/050260

Control/Physical layer protocol (RLC/MAC/PHY) and control
plane Radio Resource Control (RRC) protocol terminations
towards the communication devices. Other examples of radio
access system include those provided by base stations of
systems that are based on technologies such as wireless local
area network (WLAN) and/or WiMax (Worldwide Interoperability

for Microwave Access).

A device capable of wireless communications can
communicate via at least one base station or similar wireless
transmitter and/or receiver node. In figure 1 a base station
10 is shown to be serving various mobile devices 20 and a
machine-like terminal 22. Base stations are typically
controlled by at least one appropriate controller apparatus
so as to enable operation thereof and management of mobile
communication devices in communication with the Dbase
stations. The base station can be connected further to a
broader communications system 12. It shall be understood that
a number of neighbouring and/or overlapping access systems or
radio service areas provided by a number of base stations may
exist. A base station site can provide one or more cells or
sectors, each sector providing a cell or a subarea of a cell.
Fach device and base station may have one or more radio
channels open at the same time and may send signals to and/or
receive signals from one or more sources. As a plurality of
devices can use the same wireless resource, transmissions
thereof need to be scheduled to avoid collisions and/or

interference.

A possible mobile communication device for transmitting
in uplink and receiving in downlink will now be described in
more detail with reference to Figure 2 showing a schematic,
partially sectioned view of a communication device 20. Such a

communication device 1s often referred to as user equipment
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(UE) or terminal. An appropriate communication device may be
provided by any device capable of sending radio signals to
and/or receiving radio signals. Non-limiting examples include
a mobile station (MS) such as a mobile phone or what is known
as a ’'smart phone’, a portable computer provided with a
wireless interface card or other wireless interface facility,
personal data assistant (PDA) provided with wireless
communication capabilities, or any combinations of these or
the 1like. A mobile communication device may provide, for
example, communication of data for carrying communications
such as voice, electronic mail (email), text message,
multimedia and so on. Users may thus be offered and provided
numerous services via their communication devices. Non-
limiting examples of these services include two-way or multi-
way calls, data communication or multimedia services or
simply an access to a data communications network system,
such as the Internet. Non-limiting examples of content data
include downloads, television and radio programs, videos,

advertisements, wvarious alerts and other information.

The device 20 1is configured to receive signals in the
downlink 29 over an air interface via appropriate apparatus
for receiving and to transmit signals in the uplink 28 via
appropriate apparatus for transmitting radio signals. 1In
Figure 2 the transceiver apparatus is designated
schematically by block 26. The transceiver apparatus 26 may
be provided for example by means of a radio part and
associated antenna arrangement. The antenna arrangement may

be arranged internally or externally to the mobile device.

A mobile communication device is also provided with at
least one data processing entity 21, at least one memory 22
and other possible components 23 for use in software and

hardware aided execution of tasks it 1s designed to perform,
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including control of access to and communications with base
stations and/or other communication devices. The data
processing, storage and other relevant apparatus can be
provided on an appropriate circuit board and/or in chipsets.

This apparatus is denoted by reference 24,

The user may control the operation of the mobile device
by means of a suitable user interface such as key pad 25,
voice commands, touch sensitive screen or pad, combinations
thereof or the like. A display 27, a speaker and a microphone
can be also provided. Furthermore, a communication device may
comprise appropriate connectors (either wired or wireless) to
other devices and/or for connecting external accessories, for

example hands-free equipment, thereto.

Figure 3 shows an example of a control apparatus 30 for
a communication system, for example to be coupled to and/or
for controlling a base station. In some embodiments a base
station may comprise an integrated control apparatus and some
other embodiments the control apparatus can be provided by a
separate network element. The control apparatus can be
interconnected with other control entities. The control
apparatus and functions may be distributed ©between a
plurality of control units. In some embodiments each base
station can comprise a control apparatus. In alternative
embodiments, two or more base stations may share a control
apparatus. The arrangement of the control depends on the
standard, and for example in accordance with the current LTE
specifications no separate radio network controller 1is
provided. Regardless the location, the control apparatus 30
can be understood as providing control on communications in
the service area of at least one base station. The control
apparatus 30 can be configured to provide control functions

in association with scheduling of uplink in accordance with
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embodiments described below. For this purpose the control
apparatus can comprise at least one memory 31, at least one
data processing unit 32, 33 and an input/output interface 34.
Via the interface the control apparatus can be coupled to a
base station to cause operation of the base station in
accordance with the below described embodiments. The control
apparatus can be configured to execute an appropriate

software code to provide the control functions.

A wireless communication device, such as a mobile device,
machine-like terminal or a base station, can be provided with
a Multiple Input / Multiple Output (MIMO) antenna system.
MIMO arrangements as such are known. MIMO systems use
multiple antennas at the transmitter and receiver along with
advanced digital signal processing to improve link gquality
and capacity. For example, the transceiver apparatus 26 of
Figure 2 can provide a plurality of antenna ports. More data
can be received and/or sent where there are more antennae

elements.

Certain embodiments will now be described in more detail.
In the method illustrated by the flowchart of Figure 4 a
network element selects at 40 at least one resource from a
pool of resources for control signals in the uplink. This
resource selection can be provided dynamically. Information
of the selected at least one resource is signalled at 42 in
the downlink. At 44 the network element can facilitate
communication of control signals in the uplink by at least
one device based on at least one non-selected resource in the
pool of resources. The non-selected resource is implicitly

derived based on a predefined rule.

According to a possibility the information of the
resources can be signalled to a plurality of devices

comprising at least two different devices, or devices
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operating in different modes. First devices can be enabled
to operate based on a control channel such as a physical
downlink control channel (PDCCH) and second devices can be
enabled operate based on another or additional control
channel, such as an enhanced physical downlink control
channel (ePDCCH). Devices in the PDCCH mode can be referred
as devices in “legacy mode”. Switching between the modes may
be provided. For example, some devices can use ePDCCH and/or

PDCCH depending on the transmission mode.

Signalling of the information may be carried out
separately to different devices. A device may not be aware of

resources selected for other devices.

At step 46 a communication device receiving the
information can implicitly derive at least one non-selected
resource for control signals in the uplink in accordance with
the predefined rule. The device can then use this non-
selected resource for sending of control signals at 48 in the
uplink. In the case of the two groups mentioned above, the
devices of the second group could be configured to use the

non-selected resources.

In the following certain more detailed examples in
relation to use of physical uplink control channel (PUCCH)
resources are described. In accordance with an embodiment
evolved physical downlink control channel (ePDCCH) 1is used
for scheduling a physical downlink shared channel (PDSCH).
ePDCCH is a recent development of the LTE and is designed to
improve control channel performance. ePDCCH may be 1in
particular useful in connection with arrangements such as
coordinated multipoint (CoMP) , DL MIMO, heterogeneous
networks (HetNet) and carrier aggregation, including use of
extension carriers. For example, ePDCCH may be used to

provide support for increased control channel capacity,
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support for frequency-domain interference control and
interference coordination (ICIC), improved spatial reuse of
control channel resources, support for beamforming and/or
diversity, support for operation on new carrier types and in
Multicast Broadcast Single Frequency Network (MBSFN)
subframes, capability to coexist on the same carrier as
legacy user equipment, ability to be scheduled frequency-
selectively, ability to mitigate inter-cell interference and

SO Oon.

In accordance with an embodiment resource allocation can
be provided such that implicit and explicit resource
allocation are combined with certain rules how to derive the
non-explicitly allocated resources. A part or even all of a
pool of N resources are not explicitly selected and conveyed
by means of a DL control channel but are implicitly derived
for communication of control signals 1in the uplink. For
example, allocation of a PUCCH resource can be derived where
ePDCCH 1s used for scheduling based on combination of
implicit allocation (e.g. rule related to an ePDCCH resource
and/or PDSCH resource subject to ePDCCH scheduling) and
explicit allocation (e.g. certain control bits in the
ePDCCH) . The implicit allocation can thus be derived based on
a predefined set of rules related to the ePDCCH and the
content thereof. The implicit part can be supported by
explicit part in different manners, as will be explained

below in the context of the more detailed embodiments.

In view of the term “pool” as used herein it is noted
there can be many more than N resources in a resource pool
that are available but only one out of N of them may be
available to be selected dynamically. For example, a eNodeB
can “preselect / configure” semi-statically N (the number of

resources that can be dynamically indicated via ePDCCH) of
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the resources in the pool of available M resources and then
dynamically select one of the ©pool of N preselected
resources. The number M of resources in the pool of resources
is typically considerably larger than N. For example, N can
be e.g. 4 while the total number of ACK/NACK resource in the

pool can be around 100 or more.

The pool of resources may consist of PUCCH Format 1/la/lb
resources or other available in current cell. The resource
pool may consist of dynamic and semi-static parts. Dynamic
part may be reserved for control signalling, e.g. HARQ-ACK
signalling that relates to PDSCH and is scheduled wvia PDSCH.
Semi-static part may be reserved for scheduling request and

HARQ-ACK corresponding to semi-persistently scheduled PDSCH.

Only a part of resources 1in a resource pool can be
selected for use in certain subframe, these resources being
called herein as selected resources. Examples of this usage
include uplink HARQ-ACK signalling related to PDSCH and
scheduled via PDCCH. This usage may also include HARQ-ACK
resources that relate to semi-persistently scheduled PDSCH
and other existing use cases, including scheduling requests

using PUCCH Format 1.

Another part of the resource pool is not used by legacy
mode devices. These resources can be referred to as non-
selected resources. The unused part of the resource pool can
be utilised such that at least some of non-selected resource
can be used for uplink signalling. This usage includes uplink
control signaling related to PDSCH and scheduled via ePDCCH,

as will be explained in more detail below.

The following example 1s given with reference to error
correction mechanism based on ACK/NACK messages. When ePDCCH

is used to schedule downlink data on physical downlink shared
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channel (PDSCH) one or more uplink control channel resources
for HARQ-ACK transmitted on the physical uplink control
channel (PUCCH) are needed by communication devices in order
to be able to respond to the received PDSCH. There can be
various aspects that need to be taken into account when
designing relevant uplink control channel for an ePDCCH. For
example, backwards compatibility with devices scheduled with
PDCCH can be of importance. It is anticipated that HARQ-ACK
corresponding to PDSCH scheduled wvia ePDCCH 1s able to
utilize at least partly existing PUCCH format la/lb resources
currently used for PDSCH ACK/NACKs for devices in a legacy
mode (e.g. current LTE capable user equipment scheduled with
PDCCH) . Scheduling restrictions for devices in a legacy mode
due to potential collision of HARQ-ACK resources should be
avoided whilst PUCCH overhead should be kept in its minimum.
ePDCCH can provide capacity enhancement solution for dynamic
resource allocation, an advantage that is believed to result
a Jgreater number of devices being configured to support
ePDCCH. The numbers can be considerable and thus an aim is to
optimise use of existing PUCCH overhead. ePDCCH overhead may
also need to be optimised due to HARQ-ACK resource allocation
included 1in downlink control information (DCTI) formats
carried via ePDCCH. Certain embodiments also aim to ease
scheduling restrictions due to simultaneous scheduled devices

utilizing either PDCCH or ePDCCH.

In accordance with an embodiment N HARQ-ACK resources are
defined. This can be provided by a network element such as an
eNB. The eNB can then select any of the N HARQ-ACK resources
in current subframe for the HARQ-ACK signalling scheduled via
ePDCCH. Thus some of the resources may be V“selected
resources”. Information about the selection is communicated
via explicit or implicit signalling in downlink control

information (DCI). At least part of the N HARQ-ACK resources
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are "non-selected", i.e., available for ePDCCH -enabled
devices such that at least one out of N HARQ-ACK resources 1is

derived implicitly in accordance with a predefined rule.

According to an embodiment at least one out of N
resources can be selected dynamically based on pre-defined
bits/codepoints conveyed via ePDCCH. An example of this is
the 2-bit uplink transmit power control field. Rits specific
for this purpose may also be introduced. An index of the
selected resource can be signalled wvia ePDCCH and can be
denoted as n (n {1,2,.N}. At least one out of N HARQ-ACK
resources can then be derived implicitly based on the index
and a predefined rule related to the ePDCCH, PDSCH and/or a

user equipment and/or cell specific parameter or parameters.

In accordance with an embodiment, only one HARQ-ACK
resource is derived implicitly based on information from the
network. Other (N-1) resources can then be derived from
information regarding the implicitly derived channel
according to a predetermined rule. For example, the other
resources can be derived based on a fixed/predefined offset
from the implicitly derived resource. An example of this 1is
where a common implicit rule for all (N) HARQ-ACK resources
is used. Dynamic allocation can be used here as a modifier on
top of the implicit resource allocation, e.q. as a
fixed/predefined offset with regard to the implicit resource.
The predefined modifier can be used to modify a result given
by the implicit rule in differential manner. Thus a final
result is given by the implicit rule + a delta derived from

ePDCCH. The delta can be e.g., [0, +1, -1, +2].

In another embodiment, k out of N (k>»0) HARQ-ACK
resources are derived implicitly whereas the other (N-k)

resources are configured explicitly by means of RRC
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signalling. The k implicit resources may have either common

or separate implicit rule.

In yet another embodiment all (N) HARQ-ACK resources are
derived implicitly according to separate resource allocation
rules. This approach is Dbased on the assumption that
statistically at 1least one out of N resources can be
considered as being free from collision. Pseudo-random rules
are provided such that N different resource opportunities are
randomly (or evenly) distributed over the allowed resource

space.

Various combinations of the above schemes are also
possible. For example, some the implicit resources may have a
common rule whereas some of the resources may have a rule of

their own.

Thus some of the HARQ-ACK resources can be implicitly
derived from ePDCCH and/or PDSCH and/or another from a
resource allocated using ePDDCH. 1In accordance with an
example, one of the N HARQ-ACK resources 1is selected and
communicated wvia explicit signalling in downlink control
information (DCI). Some of the resources can be explicitly
configured via the RRC. Some other HARQ resources may also be
derived based on 1information about 1implicit resources. In
accordance with a possibility all resources are implicitly
derived with a common rule, but with a different dynamic part

of the signalling.

In accordance with a specific embodiment a new parameter

is defined for PUCCH channelization. The parameter is denoted

. dynamic .
herein as WME and may contain N separate values:

ePDCCH
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18
d i 1 2 N
(oy“m”ek) 0 ... O J)
ePDCCH ePDCCH ePDCCH ePDCCH

The value to be applied for resource allocation can be
selected dynamically via pre-defined 1log2(N) bits or N

codepoints conveyed via ePDCCH.

dynamic

At least one of the entries of the parametero can

relate to an implicitly allocated HARQ-ACK resource. The

applied PUCCH HARQ-ACK resource, n%ﬁ%xH, can be defined by

means of an offset with respect to known reference according

to the following equation:

(DePDCCH _ € dynamic
Megeen = Neveen T0 (n), where

ePDCCH

0”"™(n) is the offset parameter (in which at least one

value 1s derived implicitly Dbased on the scheduling

ePDCCH and/or PDSCH),

n is the index of the dynamic part, and

1
A@&mH corresponds to the number of resources reserved for

persistent HARQ-ACK and scheduling request.

It is noted that an offset is may not be necessary with
explicitly configured (i.e. constant, independent of ePDCCH

dynamic dynamic

For these entries o (n) can

¢DCCH ePDCCH

scheduling) entries of

relate directly to a RRC-configured resource.

It 1s also possible to have a fixed offset between

dynamic A/N resources of UEs in a legacy mode (i.e when PDCCH
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is used) and dynamic resources A/N of ePDCCH UEs as shown in

Figure 5. This can be realized by means of additional semi-

semi—static

static parameter, O,ppy . This parameter can be either cell-

specific or UE-specific. The applied HARQ-ACK resource can be

defined in this case according to the following equation:

(1)ePDCCH __ 1) dynamic semi—static
Myueen = Npvcen T07 (1) + 0oppccn

A benefit of this approach is that it allows to trade-off
the scheduler flexibility and PUCCH overhead.

Limitation in the total of control signal resources for
ePDCCH may be provided, this enabling a trade-off between

PUCCH overhead and scheduler flexibility. In one embodiment

an eNB can adjust the range of values for the parameter o™™"*

ePDCCH

in order to further trade-off the PUCCH overhead and

scheduler flexibility. The maximum (and/or minimum) value of

T . . . . 443 .
dmamic ~an be limited into a predefined value o . This can

ePDCCH

be realized e.g. by means of modulo operation mod (o™ ,

ePDCCH

ﬁiﬂ) The range can be configured e.g., by means of RRC. It
is also possible to derive the range according to the
instantaneous/maximum applied physical control format

indicator channel (PCFICH) wvalue.

Figure 5 shows an example of current PUCCH structure
emphasizing the Format la/lb resources reserved for dynamic
HARQ-ACK. This figure assumes the following parameterization
for HARQ-ACK resources corresponding to PDSCH scheduled via
ePDCCH:
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semi—static __
® Opppecy = 10

e 0™ = 29
ePDCCH

emod (0™, oM ) €{391622} .

ePDCCH ePDCCH

The amount of resources that are implicitly and
explicitly allocated can be wvariable. The variation can be
provided within limits where at least one out of a given
number of resources can be allocated explicitly and at least

one resource can be allocated implicitly.

Use of dmplicit resource allocation and dynamic or
explicit resource allocation for HARQ-ACK messages
corresponding to PDSCH scheduled via ePDCCH can provide
efficient resource wutilization with existing dynamic A/N
space. Also, HARQ-ACK space can be made scalable. Utilization
of the same resource pool for PUCCH HARQ ACK/NACKs (A/N) for
devices in a legacy mode and ePDCCH capable devices may be
enabled. This is so because dynamic A/N space can be better
utilized while at the same time the HARQ-ACK space can be
scalable. Otherwise a separate pool would be needed in order
not to collide A/Ns of devise in a legacy mode and ePDCCH

capable devices.

At least some of the uplink resources can be scheduled
based on implicit information because the explicit dynamic
allocation is not 1likely to allocate the entire available
uplink resource. This is illustrated by Figure 6 showing a
table giving the number of control channel element (CCE)
resources with different bandwidth options (1.4 - 20 MHz) and
different control channel values allocated for PDCCH. More
particularly, the table shows the number of CCE resources
used for Physical Control Format Indicator Channel (PCFICH)

values 1 to 4. LTE Release 8 provides one-to-one mapping
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between the CCE and HARQ-ACK resources reserved for
dynamically scheduled PDSCH, and hence, the number of CCEs
shown 1in Figure 6 also represents the number of HARQ-ACK
resources. It can be noted that HARQ-ACK resulting from a
dynamically  scheduled PDSCH <can represent significant
overhead in UL side keeping in mind that 1in a typical
configuration, one physical resource block (PRB) corresponds
to 18 HARQ-ACK resources. Furthermore, in capacity limited
case the PCFICH wvalue 1is likely to be 3, thus reserving a
considerable amount of resources. On the other hand, the
inventors have recognised that in practice only a fraction of
the dynamic HARQ-ACK resources are actually used. This can be
so because a part of the CCEs are reserved for DCI format
0/3/3A/4, these Dbeing uplink (0 and 4) and power control
grants (3/3A) which do not even trigger HARQ-ACK 1in the
uplink. Furthermore, in a typical case PDCCH for a given user
equipment consists of more than one control channel element
(CCE) resource to facilitate 1link adaptation, the average
number in macro environment being about 2.5 CCEs/PDCCH. An
outcome of this is that 1less than 1/3 of the resources
reserved for dynamic HARQ-ACK may actually be used on
average. Therefore a reasonable amount of unused resources
are believed to be available for the implicit allocation as

discussed above.

The embodiments may save PUCCH resources and this way
more PRBs may be wused for PUSCH. Thus control channel
overhead may be decreased. Combination of explicit and
implicit allocation of resources may be used to allow a
better utilization of existing error correction messaging

space and/or for a better scalability in general.

The above described principles may also be used in

connection with carrier aggregation and/or time division
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duplexing (TDD) . In these cases, multiple HARQ-ACKs can be
signalled e.g. by using PUCCH format 1b with channel
selection. For the HARQ-ACK signalling, multiple PUCCH
resources from the N resources can be selected dynamically.
Also in this case, amount of implicitly and explicitly

allocated resources may vary.

It is noted that whilst embodiments have been described
in relation to LTE, similar principles can be applied to any
other communication system or to further developments with
LTE. Also, instead of scheduling that 1is provided by a
control apparatus associated with a base station scheduling
may be provided by any apparatus for scheduling transmissions
in two directions between at least two devices. Thus,
although the embodiments are described with references to
uplink and downlink, this disclosure 1s not limited by these
directions between a base station and a user terminal.
Instead, the invention is applicable to any system where a
control apparatus can schedule transmissions between two or
more communicating entities, wherein the scheduling entity
can be seen as being in the “upper” end of the 1link. For
example, this may be the case in application where no fixed
equipment provided but a communication system is provided by
means of a plurality of user equipment, for example in adhoc
networks. Therefore, although certain embodiments were
described above by way of example with reference to certain
exemplifying architectures for wireless networks,
technologies and standards, embodiments may be applied to any
other suitable forms of communication systems than those
illustrated and described herein.

The required data processing apparatus and functions of a
base station apparatus, a communication device and any other
appropriate apparatus may be provided by means of one or more

data processors. The described functions at each end may be
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provided by separate processors or by an integrated
processor. The data processors may be of any type suitable to
the local technical environment, and may include one or more
of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASIC), gate level
circuits and processors based on multi core processor
architecture, as non limiting examples. The data processing
may be distributed across several data processing modules. A
data processor may be provided by means of, for example, at
least one chip. Appropriate memory capacity can also be
provided in the relevant devices. The memory or memories may
be of any type suitable to the local technical environment
and may be implemented using any suitable data storage
technology, such as semiconductor Dbased memory devices,
magnetic memory devices and systems, optical memory devices

and systems, fixed memory and removable memory.

In general, the various embodiments may be implemented in
hardware or special purpose circuits, software, logic or any
combination thereof. Some aspects of the invention may be
implemented in hardware, while other aspects may Dbe
implemented in firmware or software which may be executed by
a controller, microprocessor or other computing device,
although the invention is not limited thereto. While wvarious
aspects of the invention may be illustrated and described as
block diagrams, flow charts, or using some other pictorial
representation, it 1is well understood that these Dblocks,
apparatus, systems, techniques or methods described herein
may be implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic,
general purpose hardware or controller or other computing
devices, or some combination thereof. The software may be

stored on such physical media as memory chips, or memory
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blocks implemented within the processor, magnetic media such
as hard disk or floppy disks, and optical media such as for
example DVD and the data variants thereof, CD.

The foregoing description has provided by way of
exemplary and non-limiting examples a full and informative
description of the exemplary embodiment of this invention.
However, various modifications and adaptations may become
apparent to those skilled in the relevant arts in view of the
foregoing description, when read 1in conjunction with the
accompanying drawings and the appended claims. However, all
such and similar modifications of the teachings of this
invention will still fall within the scope of this invention
as defined in the appended claims. Indeed there is a further
embodiment comprising a combination of one or more of any of

the other embodiments previously discussed.
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Claims

1. An apparatus for a network element, the apparatus
comprising at least one processor, and at least one memory
including computer program code, wherein the at least one
memory and the computer program code are configured, with the
at least one processor, to

select at least one resource from a pool of resources

for control signals in the uplink,

cause signalling of information of the selected at least

one resource in the downlink, and

facilitate communication of control signals in the
uplink by at least one device based on at least one non-
selected resource from the pool of resources, wherein the at
least one resource is implicitly derived in accordance with a

predefined rule.

2. An apparatus for a communication device for enabling
operation thereof in a system where information of at least
one selected resource from a pool of resources for control
signals in the uplink 1is signalled in the downlink, the
apparatus comprising at least one processor, and at least one
memory including computer program code, wherein the at least
one memory and the computer program code are configured, with
the at least one processor, to

implicitly derive at least one non-selected resource
from the pool of resources for control signals in the uplink

in accordance with a predefined rule, and

cause sending of control signals in the uplink on the

derived at least one non-selected resource.
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3. An apparatus according to claim 1 or 2, configured to
enable signalling of error correction function messages in a
physical uplink control channel by means of the at least one

non-selected resource.

4., An apparatus according to any preceding claim,
configured to enable signalling of messages in a physical
uplink control channel by means of the at least one non-
selected resource determined based on an enhanced physical

downlink control channel.

5. An apparatus according to any preceding claim, wherein
at least first and second devices communicate in the uplink,
the first devices being configured for a physical downlink
control channel and to signal control signals in the selected
resources and the second devices being configured for an
enhanced physical downlink control channel and to signal

control signals in the non-selected resources.

6. An apparatus according to <claim 5, configured to
allocate different uplink resources for the first and second

devices based on an offset parameter.

7. An apparatus according to any preceding claim, wherein
at least some information needed to derive the non-selected
resources 1s derived based on information of the selected

resources.

8. An apparatus according to any preceding claim,

configured to
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define a pool of resources for uplink hybrid automatic

repeat request messages, each resource having an index,

select dynamically at least one of the resources,

convey information about the index or indexes of the
dynamically selected resource on an enhanced physical

downlink control channel, and

derive the at least one non-selected resource based on

the index information and an offset.

9. An apparatus according to claim 8, wherein said index
information is signalled by means of a transmit power control

messade.

10. An apparatus according to any preceding claim, wherein
at least one non-selected resource 1s derived implicitly
based on at least one parameter associated with an enhanced
physical downlink control channel, physical downlink shared

channel and/or a communication device.

11. A method for controlling communications, comprising:
selecting at least one resource from a pool of resources

for control signals in the uplink,

signalling information of the selected at least one

resource in the downlink, and

facilitating communication of control signals in the
uplink by at least one device based on at least one non-
selected resource from the pool of resources, wherein the at
least one resource is implicitly derived in accordance with a

predefined rule.
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12. A method for enabling operation of a communication
device 1in a communication system where information of at
least one resource selected from a pool of resources for
control signals in the uplink is signalled in the downlink,
the method comprising

implicitly deriving at least one non-selected resource
from the pool of resources for control signals in the uplink

in accordance with a predefined rule, and

sending of control signals in the uplink on the derived

at least one non-selected resource.

13. A method according to c¢laim 11 or 12, comprising
signalling of automatic repeat request messages in a physical
uplink control channel on the at 1least one non-selected

resource.

14. A method according to any of claims 11 to 13, comprising
deriving the at least one non-selected resource based on an

enhanced physical downlink control channel.

15. A method according to any of claims 11 to 14, wherein
the pool of resources comprises resources reserved for
dynamic hybrid automatic repeat request messages 1in the
uplink responsive to data 1in a shared channel in the

downlink.

16. A method according to any of claims 11 to 15, wherein
the devices comprises first devices and second devices, the

first devices being configured for a physical downlink
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control channel and communicate uplink control signals in the
selected resources and the second devices being configured
for an enhanced physical downlink control channel and
communicate uplink control signals 1n the non-selected

resources.

17. A method according to claim 16, comprising separating
the uplink resources for the first and second devices based

on an offset parameter.

18. A method according to any of claims 11 to 17, comprising
use of a common implicit rule for all channels and a dynamic

modifier.

19. A method according to any of claims 11 to 18, comprising
defining a pool of resources for uplink hybrid automatic

repeat request messages, each resource having an index,

selecting dynamically at least one of the resources,

conveying information about the index or indexes of the
dynamically selected resource on an enhanced physical

downlink control channel, and

deriving the at least one non-selected resource based on

the index information and an offset.

20. A method according to any of claims 11 to 19, wherein
all resources for hybrid automatic repeat request messages

for a device are derived implicitly.

21. A communication device comprising apparatus in

accordance with claim 2 or any claim dependent on claim 2.
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22. A network element comprising an apparatus in accordance

with claim 1 or any claim dependent on claim 1.

23. A computer program comprising code means adapted to
perform the steps of any of claims 11 to 20 when the program

is run on processor apparatus.
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Select at least one resource for control signals in 40

UL

Communicate information of the selected at least 49

one resource to at least one device in DL

Facilitate communication of control signal in the 44

UL based on at least one non-selected resource

Implicitly derive at least one non-selected 46

resource for control signals in the UL

Communicate control signals in the UL based on

the at least one non-selected resource 48

Fig. 4
PCFICH | 1.4MHz | 3MHz | 5MHz | 10 MHz | 15 MHz | 20 MHz

1 0 2 3 8 12 17
2 2 7 12 25 37 50
3 4 12 20 41 62 84
4 6

Fig. 6
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