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1 SUBFRMIE

(57) Abstract: An enhanced physical downlink control channel (ePDCCH) for Long Term Evolution (LTE) systems is described
that is constructed using enhanced control channel elements (eCCEs). Techniques are also described by which user equipment (UE)
may be implicitly allocated uplink resources for transmitting acknowledgements to data received via downlink resources allocated by
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UPLINK CONTROL CHANNEL RESCURCE MAPPING FOR AN
ENHANCED PDCCH IN LTE SYSTEMS

PRIORITY CLAIM

{6081 This application clairs the benefit of priority to U.S. Patent
Application Serial No. 13/629,546, filed on September 27, 2012, which claims
the benefit of priority to U.S. Provisional Patent Application Serial No.
61/612,188, filed on March 16, 2012, all of which are incorporated hercin by

reference in their entireties.

BACKGROUND

16062] A major feature of LTE-Advanced {(Long Term Evehlution-
Advanced or LTE-A}, as part of Release 10 of the LTE specification by the 3rd
Generation Partnership Project (3GPP), is increased support for muiti-user
MIMO {multi-input roulti-output} in which spatial roultiplexing is used to
provide separate downlink and uplink communtcations paths between a base
station {reterred in LTE systerns as an evolved Node B or ¢NB) and multiple
terrminals (where a terminal is referred to in LTE systems as user equipment or
UE}). As more UEs are scheduled per subframe for nuulti-user MIMO
operations, the demand for physical downlink control channel (PDCCH)
resources to provide scheduling for physical uplink control channel (PUCCH)
resources 1s inercased. The design of the PDCCH in Releases 8/9/10 of the LTE
specification provides for a maximum PDCCH size of three OFDM (orthogonal
frequency division multiplexing) symbols which is madequate for mecting this
increased demand. Counsequently, a new PDUCH design, referred to an
enhanced PDCCH {(¢PDCCH), was imtroduced in the PDSCH (physical
downlink shared channel) region for Release 11 of the LTE specification. The
structure of the PDBCCH is based upon so-called control channel clements
{CCHEs), while the ePDCCH uses a design based upon physical resource blocks

1

PCT/US2013/027332



WO 2013/138047

W

i¢

15

PCT/US2013/027332

(PRBs) in order to increase capacity and enhance support for inter-cell
interference coordimation (ICIC) i heterogeneous network scenarios. The
iimitation of the Release 8/9/10 PDCCH design for performing inter-cell
interference coordination (1CIC) stems from the fact that, due to PDCCH
interleaving, the CCEs used for the transmission of downlink control
information (DCI) formats in the PDCCH are distributed over the entire
bandwidth in an irregular fashion. Placing the ePDCCH in the PDSCH region
with a PRB-based scheme, on the other hand, allows the ePDCCH to be
distributed over the bandwidth so as to better support frequency-domaim ICIC.
16603] The usc of the PRB-based ¢PDCCH, however, cannot be used in
the sarwe manner as the CCE-based PDCCH to dynamically allocate uplink
resources for acknowledging downlink data transmissions. That is a concern of

the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0604] Fig. 1 illustrates a UE and an eNB in accordance with some
embodiments,
{8085] Fig. Z tllustrates the resource clerment mapping for enhanced

control channel clernents in an ePDCCH in accordance with some ermmbodimenis
{6086 Figs. 3 through 7 illustrate cxample schemes for mapping PUCCH
resources as derived from a detected ePDCCH 1 accordance with some

embodiments.

DETAILED DESCRIPTION

166671 The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embaodiments may incorporate siractural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be incladed in, or
substituted for, those of other embodiments, Embodiments set forth in the claims

encompass all available equivalents of those claims.

N2
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[6008] LTE uses a combination of forward error-correction coding and
ARQ {automatic repeat request), referred to as hybrid ARG, Hybrid ARG uses
forward error correction codes to correct some errors. When uncorrected errors
are detected, the corrapted transroissions are discarded and the receiver requests
retransmission. As the term is used herein, a hybrid-AR(Q acknowledgement
may cither be a negative acknowledgement (NACK), signifying that a
transmission error has occurred and that a retransmission is requested, or a
positive acknowledgement (ACK) indicating that the transmission was received
correctly.

16069 When the oNB transmits data to a UE, the UE requires allocation
of uplink resources by the eNB 1o order to respond with a hybrid-ARQ
acknowicdgement. Described herein is an ePDCCH configuration and
techniques by which such upliok resources may be dynamically allocated to the

UE 10 cases where the allocation of the downlink resources is over an ePDCCH.

LTE air interface

16616} Fig. 1 shows an example of' a UE 100 and an eNB 150. The UE
and eNB 1ncorporate processing civcuttries 110 and 160, respectively. The
processing circuitry 110 in the UE is interfaced to a plurality of RF transceivers
120 that are cach connected to one of a plurality of antennas 130. The
processing circuitry 160 in the eNB is interfaced to a plurality of RF transceivers
170 that are cach connected to one of 4 plurality of antennas 180, The
ithustrated components are intended to represent any type of hardware/software
configuration for providing an LTE air interface and performing the processing
functions as described herein.

16611} The LTE air interface, also referred to as the radio access network
{RAN), has a protocol architecture that may be basically described as follows.
The topmost layer is the packet data compression protocol (PDCP) layer which
transmits and receives [P (intervet protocol) packets. The PDCP layer
communtcates with the RLC layer via radio bearers to which IP packets are

mapped. At the rocdium access control (MAC) layer, the connection to the RLC
3
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layer above is through logical channels, and the connection to the physical layer
below is through trausport channels. The MAC layer handles
multiplexing/demuitipiexing between the logical channels, hybrid-ARQ
operations, and scheduling, the latter being performed solely at the eNodeB for
both the uplink and the downlink. Data in a transport channel is organized into
transport blocks, with respect to which the hybrid-ARQ function s performed at
both the UE and eNB. The primary transport channels used for the transmission
of data, the uplink shared channel (UL-SCH) and downlink shared channel (DL-
SCH}, are mapped to the physical uplink shared channel (PUSCH) and physical
downlink shared channel (PDSCH), respectively, at the physical layer.

[6012] The physical layer of LTE is based upon orthogonal frequency
divisionr multiplexing (OFDM) for the downlink and a related technique, single
carrier frequency division multiplexing (SC-FDM), for the uplink. In
OFDM/SC-FDM, complex modulation symbols according to a modulation
scheme such as QAM (quadrature araplitude modulation) are cach mdividually
mapped to a particular OFDM/SC-FDM subcarrier transmitted duaring an
OFDM/SC-FDM symibol, referred to as a resource clernent (RE). An RE s the
smallest physical resource 1o LTE. LTE also provides for MIMO {multi-input
muiti-output) operation where multiple layers of data are transmitted and
recetved by maultiple anteunas and where cach of the complex modulation
symbols is mapped into one of the multiple transmission layers and then mapped
to a particular anteona port. Each RE is then uniquely ideutified by the antenna
port, sub-carrier position, and OFDM symbol index within a radio frame as
explained below.

{6813} LTE transmissions in the time domain are organized into radio
frarncs, cach having a durstion of 10 ms. Each radio frame consists of 10 sub-
frames, and each sub-frame consists of two consecutive (.5 ms siots. Each slot
comprises six indexed OFDM symbols for an extended cyclic prefix and seven
indexed OFDM syrobols for a normal cyclic prefix. A group of resource
clements corresponding to twelve consecutive subcarriers within a single slot is
referred to as a resource block (RB) or, with reference to the physical layer, a

physical resource block (PRB).
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{0014} in the case of FDD {frequency division duplex} operation, where
separate carrier frequencies are provided for uplink and downlink transmaission,
the above-described frame structure is applicable to both the uplink and
dowuolink without wodification. In TDD (time division duplex) operation,
subframes are allocated for either uplink or downlink transmission with a special
subframe occurring at the transition from downlink to uplink transmission (but
not at the transition from uplink to downlink transmission). The eNB manages
the allocation of uplink and downlink subframes within each radio frame during

TDD operation.

LTE control signaling

{601 5] A physical channel corresponds to the set of time—frequency
resources used for transmussion of a particular transport channel, and cach
transport channel is mapped to a corresponding physical channel. There are also
physical control channcls without a corresponding transport channel that arc
needed for supporting the transmission of the downlink and uplink transport
channcls. These inclade the physical downlink control channel (PDCCH), by
which the eNB transmuits downlink control information (DCH) to the UE, and the
physical uplink control channel (PUCCH) that carries uplink control information
{(UCI from the UE to the eNB. Insofar as is relevant to the present disclosure,
the DT carried by the PDCCH may include scheduling information that
allocates uplink and downlink resources to the UE, while the UCH carried by the
PUCCH may include hybrid-AR{ acknowledgements for responding to
transport blocks received by the UE.

{G016] PIXCCHs are transmitted in a designated control region of each
subframe. The mapping of PDCCHs to resource elements is done with a
particular structure based on contrel channel elements (CCEs), wherea CCE is a
set of thirty-six contiguous resource elements. The number of CCEs required for
a certain PDCCH depends on the size of the DCI being carried.

{60171 Each PDCCH may be addressed to a specific UE by appending a
UE-specific CRC {cychic redundancy check) to the PDCCH, which also serves
for error detection. Thus, a UE detects a PDCCH intended for it by performing

the CRC calculation and sceing whether the calculation checks, The CRC 1s

3
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made UE-specific by including the UE’s {or UEs’) radio network temporary
identifier (RNT1) in the CRC caleulation. LTE also defines search spaces to
{imit the set of CCHs that the UE needs to monitor in order to detect a PDCCH
intended for it

{8618} {f a UE has already been allpcated PUSCH resources in an uplink
subframe i which control signaling such as a hybrnid-ARQ acknowlcdgement is
to be sent, the control signaling can be time multiplexed with data in the
PUSCH. Otherwise, the PUCCH is used. Hach PUCCH resource is made up of
one respurce block within each of two slots of an uplink subframe. Control
signaling from multiple UEs can be multiplexed into a single PUCCH region
with a combination of time-domain and frequency-domain code division
multiplexing. A symbol constituting the control signaling is multiplied by an
orthogonal cover sequence to effect spreading in time, and the resalting symbols
are then used to modulate a phase rotated {corresponding to a cyclic shift in the
tirne domain) length-12 reference signal sequence 1 the frequency domain to
effect spreading in frequency. The resource used by a PUCCH 1s thus not only
specified in the time—frequency domain by s assigned resource blocks, but also
by the cyclic shift and orthogonal cover sequence applied. By assigoing
different cyclic shifts and orthogonal cover sequences to different UEs, PUCCHSs
may be transmutted by different UEs using the same time-frequency resource.
{6019] A hybrid-ARQ acknowledgement is sent via a single BPSK or
QPSK (binary or quadrature phase shift keying) symbol that is code division
muitipiexed in a PUCCH in the manner just described to spread the symbol over
the pair of resource blocks in what is referred to as a Format | PUCCH. A
PUCCH Format | resource is represented by a PUCCH index, #l ., . from
which the resource block pair, the phase rotation, and the orthogonal cover
sequence are derived in the maunner described by the LTE specifications (See
3GPP TS 36.211 Release 10).

16020} Downlink scheduling assignments to a UE apply to the same
subframe 1n which they are transmitted. In the situation where a UE receives a
PDSCH allopcation in a particular subframe, the UE needs to send a hybrid-ARQ

acknowicdgement in a designated subsequent subframe. The UE may usca

6
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previously allocated uplink resource in that subsequent subframe (i.c., cither a
PUSCH or PUCCH resource). Otherwise, for a hybud-ARQ acknowledgement
in a Format 1 PUCCH, the ¢NB allocates the uplink resource in the same
PDMCCH that allocates the PDSCH containiog the data which s to be
acknowledged by indicating the PUCCH index to use as a function of the lowest
CCE index found n the detected PDCCH, The oNB thus implicitly signals the
uplink resource allocation to the UE.

{0621} In the case of FDD, there is a one-to-one correspondence between
downlink subframes transmitting data and uplink subframes transmitting hybrid-
ARQ acknowledgements for that data. In TDD, on the other hand, an
asymmetric allocation of uphink and downlink subframes may necessitate that a
single uplink subframe be used to acknowledge multiple downlink subframes,
the latier group of downlink subframes being referred to as a bundling window.
Multiple PUCCH resource block pairs and the code division multiplexing
described above may be used to transtait multiple hybrid-ARQ

acknowiedgements from the same or multiple UEs in the same subframe.

PUCCH mapping schemes for ePDCCH

{6022} Described herein are PUCCH resources mapping methods for
TDD hybrid-ARQ multiplexing mode that may include multiplexing for UEs
without carrier aggregation defined in 3GPP Release and muldtiplexing for
PUCCH Format 1b with channel selection for UEs with carrier aggregation as
defined in 3GPP Release 14, In the described mapping schemes, the PUCCH
resources mapping is based on the corresponding lowest PRB index of the
ePDCCH moplicitly so that no PUCCH collision issue occurs. Nor are any
scheduling constraints imposed upon the cNB scheduler. The mapping schemes
also allow for the interleaving of PUCCH resources for different subframes in
the same bundling window to compress and reduce the PUCCH overhead, and,
consequently to increase the PUSCH throughput.

{8023} As defined herein, an ePDCCH is composed of enhanced control
channel elements {eCCEs) where one ¢CCE consists of 4 set of predefined REs

within the PRB pairs that are used for defining the mapping of the ePDCCH to

~
I
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resource elements. Fig. 2 shows an embodiment where there are four indexed
eCCEs in cach PRB pair used for the ePDCCH. Note that an ¢CCE may coutain
REs that are reserved for other signals, such as CRS (celi-specific reference

signaly and CSI-RS {channel state information reference signal) designated as

W

RS in the figure.
{6024} For TDD hybrid-ARQ multiplexing and a subframe n with
bundiing window size M > 1, where M is the number of elements in the set K

defined in Table 10.1.1 of 3GPP TS 36.213, denote nj),, as the PUCCH

resources derived from subframe n-k; and HARQ-ACK() as the hybrid-ARQ

14 response for subframe n-k;, where &, Kand 6 </ < M-1. Fora PDSCH
transmission or a PRCCH indicating downlink SPS {(semi-persistent scheduling)
release in subframe n-%;, the PUCCH resources correspondingly used for
hybrid-ARQ feedback in subframe n may be calculated using different mapping
scherues as described below.

15 (6025] For each ePDCCH detected in subframe n-4;, the foliowing
syrabols are used in the cxample mapping schernes described below to determine
the corresponding PUCCH resource index #0q¢, -

Hecor - the index of the lowest eCCE in the ePDCCH detected in
subframe n-k, 0 < no0r < E.

20
£ 1 the number of eCCEs inone PRB (£ =4 15 used 1 the
exarmple embodiments described herein).
1;ﬁE[§S f—p?sz“ : the lowest PRB index including at least one

25 eCCE of the ePDCCH detected in the subframe n-4;,. Note that

the ¢CCE within the lowest PRB index may be part or full of
ePDBCCH resources.

Non ornccn - €ither a cell-specific or a UE-specific parameter

30 that indicates the ePDCCH PRBs reserved for use in
transmitting the ePDCCH in a downlink subframe from a system
perspective or a UE-specific perspective. It 1s signaled semi-
statically by higher layer signaling or dynamically signaled in
cach downlink subfraroe through a special physical channel such
as the physical control format information channel (PCFICH)
channel in as specified in Release & or as determined by a UE
implicitly according to system bandwidth as Ny, oo = Nov

e
N

(9 V)
(92
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where N5 is the number of PRHBs in the system downlink
bandwidth configuration as defined in 3GPP TS 36211 It
should be noted that, in the mapping schemes discussed below,
the PUCCH resources reserved for PUCCH transmission may be
minimized with an appropriate setting for Ny, s .
Counseqguently, more aplink PRBs could be used for PUSCH
transmission to result in a higher uplink throughput.

A ¢ provided by higher layer or imaplicit mapping depending on
bundling window size, e.g., A=M - Q, where (3 > 1.

NI oeen - indicates the lowest PRB index for ePDCCH
transmission, configured by higher layers in UE-specific or cell-
specific way.

N - indicates the PUCCH resources offset for the
ePDCCH, configured by higher layers in a UE-specific or cell-
specific way.

16026} In a first mapping scheme, the PUCCH resources are mapped

implicitly subframe by subframe using the following equation:

ey it i lowest index offset {1

Vi = E( 2 Non opnecr Y pren hneens =N Gon g B E e A N A

PpUCCH T (/, o RB,ePDCCH PRB ePDCCH PRB, ePDCCH 7 e CCE ePUCCH
[ =}

Une embodiment of this scheme is as shown in Fig. 3 where it is assumed that

7i =N = 7 an¢ A =
Nig eopec = N =2 and that N 00, = 0.
{8027} In a second mapping scheme, a time-domain first mapping of the

PUCCH resources along with PRB-level interleaving is performed using the
following cquation:

Jlowest index L ofser

() - el
4 - =EFOA — ~ - N ceir s VE T g b i N
mppccn,: T A Uppp eppocy TN preeppoch ) ey TE T

eg(/(fC!{
An example mapping pattern is as shown in Fig. 4 where it is assumed that ¢ =1
and M = 2.
{0028} in a third mapping scheme, a frequency~-domain first mapping of
the PUCCH resources along with slot-level mterleaving 1s performed as tollows.
First, a value p is selected from {0,1} that satisfies:

Ny € ngeee < Npp where Ng= 0, Ny =2, and Ny = 4.

g
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The PUCCH resource 1s then calculated as:

(i) o lowest index offvet . - A1)
= 5 + +03, \
'4“( JOCH i sl IDRB ePDCCH - N PRE, e”)/)(,CH} P boy o e)l’[/g,(,d
(3}
where:

f= i

R SN ey, @
i=0

= p N RE PDCCH N Pl
F=0

3,

> F AT lowesi_index i)
— A
éz’ - <* RB,efDCCH ] ERE ePDCCH i\; E

W Npp oppecy = @ constant value NV for each downlink subframe in the

bundling window, then equations (4), {5}, and (6} can be siraplified as:

l=M—i-2
- A-i-
Bo= o Ny Ny = (M i) NN,
i=0

ri A 4. A A
‘l, E \/RB ePDCCH N pl =i N ‘,\/p

=0

J
i AT ,Me 517 index ! e )
"(*’I“’/ - IM HDCCH i)'E/A',D

An exaraple mapping pattern produced by this mapping scherac 18 as shown in

3
{8029] In a fourth roapping scheme, the PUCCH resources are mapped
with slot-level interleaving. First, a value p is selected from {0, 1} that satisfies:
Np < necce < N where No=0, Ny=2, and Ny =4
The PUCCH resource is then calculated as:

L) _ lowest_index roffket ; A : NOAT 4 7
Hotroce: = £ -A-{f -NZ o )P TIM —1=1 - N +ix N  +

PRB_ePDCCH PRB, ePDCCH

In the example of this mapping scheme ilhustrated by Fig. 6, it 1s assumed that (§
=land M =2
{6030} Inua fifth mapping scheroe, the PUCCH resources are mapped

with ¢CCE-level interleaving using the following equation:

(i) lowest_index  arofSet . (i}
Hpoccr; ™ A-{E-(T FBRB ePDCCH A’PRB,ePDCCH) F eep 3 N poeey

In the example of this mapping scheme tlustrated by Fig. 7, it is assumed that ¢

=] and M = 2

10
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Example embodiments

{6031} In a fivst embodument, a device operating as a UE inan LTE
network comprises an R¥ transceiver for providing an LTE air interface for
communicating with a base station operating as an eNB and processing circuitry
to: receive transmitted downlink resource allocations from an eNB in an
¢PDCCH made up of one or more indexed ¢CCEs) contained within indexced
PRBs; and, transmit a hybrid-AR{} acknowledgement corresponding to a
detected ePDCCH allocating PDSCH resources via g PUCCH resource that 18
implicitly indicated by the detected ePDCCH.  The ¢ePDCCH may be detected in
a downlink subframe belonging to a specified bundling window of M indexed
downlink subframes. The PUCCH resource may be defined by a PUCCH
resource index mi .y, that is a function of subframe index, PRB index, and
¢CCE index. The PUCCH index may be defined as a function of subframe
index, lowest index of a PRB coutaining at feast one eCCE i the detected
ePDCCH, and lowest eCCE index.

{6632} In a second cmbodiment, a device operating as an ¢eNB inan LTE
network , comprises: an RF transceiver for providing an LTE atr interface for
communtcating with a UE and processing circuttry to: fransmit data to a UE
{(user equipment) via a downlink physical downlink shared chanmel (PDSCH} in
a subframe; allocate PDSCH resources to the UE for the subframe in an
enhanced physical downlink control channel (ePDCCH) made up of one or more
enhanced control channel elements (¢CCEs) contained within physical resource
blocks (PRBs) that indexed m a cell-specific manoner; and allocate a physical
uplink contrel channel (PUCCH) resource to the UE for acknowledging the
transmitted data by implicitly indicating the PUCCH resource in the ¢PDCCH.
The processing cireuitry may be further to, for an ePDCCH allocating downlink
resources to a UE in a subframe belonging to a specified bundling window of M
indexed subframes, receive a hybrid-ARQ acknowledgement corresponding to

cach oCCE of the ¢PDCCH via g physical uphink control chanuel (PUCCH)

resource defined by a PUCCH resource index 0/, , that is a function of:

il
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subframe index, PRB index, and ¢CCE index. The PUCCH index may be
defined as a function of subframe index, lowest index of a PRB containing at
least one eCCE in the detected ePDRCCH, and lowest eCCE index.

18033} In either of the first or second ermbodiments, the processing
circuitry may be further configured such that: for each subframe in the bundling
window having an ¢PDCCH allocating downlink resources, the PUCCH
resource index 1l , is calculated such that consecutive PUCCH resource

indices are mapped to by those ePDCCHs ordered in accordance with an ordered
fist of the ¢CCEs making up the ¢ePDCCHs where the ¢CCEs arc ordered first
according to subframe index, then according to PRB index, and then according
to ¢CCE index. An example of the mapping pattern produced by this
embodiment is as shown in Fig. 3.

{6634} in either of the first or sccond embodiments, the processing
cirenitry may be further configured such that: for each subfrarae 1o the bundhng
window having an ePDCCH allocating downlink resources, the PUCCH
resource index ni., , is caleulated such that consecutive PUCCH resource
indices are ruapped to by those ePDCCHSs ordered in accordance with an ordered
list of the eCCEs making up the ePDCCHSs where the eCCEs are ordered first
according to PRB index, then according to subframe index, and then according
to ¢CCE index. An example of the mapping patiern produced by this
embodiment is as shown in Fig. 4.

16635] In cither of the first or second embodiments, the processing
circuitry may be further configured such that: for each subframe in the bundling
window having an ¢PDCCH allocating downlink resources, the PUCCH

. i} . , . e N .
resource ndex a3,/ 15 calculated such that consecutive PUCCH resource

indices are mapped to by those ePDCCHSs ordered 1n accordance with an ordered
iist of the ¢CCEs making up the ¢PDCCHSs where the ¢CCEs are ordered first
according to slot muraber within the subframe, then according to subframe index,
then according to PRB index, and then according to ¢CCE index. An example of
the mappiong pattern produced by this embodiment is as shown i Fig. 5.

ELLEREY in either of the first or second embodiments, the processing

cireuitry may be further configured such that: for each subframe in the bundling

12
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window having an ePDCCH allocating downlink resources, the PUCCH

resource index 1), is calenlated such that consecutive PUCCH resource

indices are roapped to by those ePDCCHSs ordered in accordance with an ordered

fist of the ¢CCEs making up the ePDCCHs where the ¢CCEs are ordered first

L

according to PRB 1ndex , then according to slot rumber within the subframe,

then according to subframe index, and then according to ¢CCE index. An

example of the mapping pattern produced by this embodiment is as shown in

Fig. 6.
{6637}

In either of the first or second embodiments, the processing

10 circuitry may be further configured such that: for cach subframe in the bundling

window having an ePDCCH allocating downlink resources, the PUCCH

resource index n'Y

wncen 18 calculated such that consecutive PUCCH resource

indices are roapped to by those ePDCCHSs ordered in accordance with an ordered

fist of the ¢CCEs making up the ePDCCHs where the ¢CCEs are ordered first

o
L

according to PRB index, then according to ¢CCE index, then according to

subframe index. An example of the mapping pattern produced by this

embodiment 1s as shown in Fig. 7.

{038}

In either of the first or second embodiments, the processing

circuitry may be further configured such that: for each ePDCCH detected in a

20 subframe ok, the PUCCH resource index s/, for transmission in a

subframe n is calculated as:

N,

i-1 et it
. = lowest index offset (1)
Btz - =B N ey T U oy ey = N ey ) Ve TN
‘PUCCH i £ (] '—*O Nep erpcc TL PRE ePDCCH PRB,ePDCCH Al eCCE N ePUCCH
] =

where n 18 an fnteger, K is the sct of downlink subframe indexes in the bundling

25 window of subframe n, M is the number of downlink subframes in the bundling

window, &;

K, §<i<M-1, N’}w ePDCOH indicates the ePDCCH physical

resource blocks (PRBs) reserved for use in transmitting the ePDCCH ina

downlink subframe, 7

{owest index

PR ePnCCe S the lowest PRB index including at least one

¢CCE of the ePDCCH detected in the subframe n-k, N2 indicates the

Y PRE, ePDCCH

30 lowest PRB index for ¢ePDCCH transmission, £ 1s the number of ¢CCEs in one

13
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PRE, nooes 1s the lowest index of the eCCE in the ePDCCH detected in subframe
fi-ki, O < neccp < &, which is mapped to a PUCCH resource index #15qqy, ;. and
N ooy indicates the PUCCH resources offset for the ePDCCH
{68391 In either of the first or second embodiments, the processing

5 circuitry may be further configured such that: for cach ePDCCH detected in a

subframe n-k;, the PUCCH resource tndex a5, , for transmission ina

subframe n 18 calculated as:

(i} fowest index

T AL = ,0,:\&’1‘
= E AU g cpnccn N

PRB, ePDCCH) Tiopop TE T s

nee (1)
"PUCCH, ePUCCH
10
where 1 is an integer, K 18 the set of downlink subframe indexes in the bundhing
window of subframe n, M 1s the nuraber of downlink subfrarmes in the bundling
window, & K, 0 <i<M-1, ¥ RB.ePDCCH indicates the ePDCCH physical

resource blocks (PRBs) reserved for use in transmitting the ePDCCH in a

Howest index

i5 downlink subframe, 7 PRE ePDCCH

;18 the lowest PRB index including at least one

NENEY VY < yofiser : :
eCCE of the ePDCCH detected in the subframe n-k, Ny, ppcen indicates the

lowest PRB index for ePDCCH transmission, £ is the number of eCCEs in one
PREB, nocor 1s the lowest index of the ¢CCE i the ePDCCH detected in subframe

n-ki, 0 < necep < E, which is mapped to a PUCCH resource index 21 , ,

20 N indicates the PUCCH resources offset for the ePDCCH, and A s a

ePUCOH
specified integer that depends upon the size of the bundling window.
{0040} In either of the first or second embodiments, the processing

circuitry may be further configured such that the PUCCH resource 1ndex

25 from {0,1} that satisties
Np € ecep < Nyt where No= 0, Ny =2, and No = 4

e ating 1" e
and calculating ni/ oy 88

/‘ lowest index offset B Lo L s (
mprrcon.; =42 Uprs sppccm ~VPRE, ePDCCH) TioccE 1 1 Y9 T Nopucen

14
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where n is an integer, K is the sct of downlink subframe indexes in the bundling

window of subframe v, M 13 the number of downlink subframes in the bundhing
: r 7 P e Arl " ioate N e o

window, &, K, 0<i<M-1, N RB,ePDCCH indicates the ePDCCH physical

resource blocks (PRBs) reserved for use in transmitting the ¢PDCCH ina

downlink subframe, 7,53 00 s the lowest PRB index including at least onc

eCCE of the ePDCCH detected in the subframe n-4;, ';Zij’m,), -y indicates the
lowest PRB index for ¢PDCCH transmission, £ is the number of ¢CCEs in one
PRB, .00 18 the lowest index of the ¢CCE in the ePDCCH detected in subframe
-k, § < necop < E, which is mapped to a PUCCH resource index nieey,

N '/D,,L,,, indicates the PUCCH resources offset for the ePDCCH, A 18 a specified

integer that depends upon the size of the bundling window, and where:

)

Q‘

R < YR,
£ o= \d J"LB'OP/;(LII Ny
=0

l\/

N:w cencerr N g and

=0
AT lowest_jndex iR T
5‘ \‘/RB ePOCCH { PRB ePDCCR 1) R /2 g2
{6641} In either of the first or second embodiments, the processing

circuitry may be further configured such that the PUCCH resource index
nf;f{,“m for transtmssion 1 a subframe n is calculated by selecting a value p
from {{,1} that satisfics:

Np < fecer < Ny where No=0, Ny=2, and N, = 4

and calculating niu,u“ as:

(i) lowest _index 7 offset N ey > 3 7 o AT !
Bpiecns = E 8-y spccn = Nompeencen )+ focee T{M =1 =11 N 1N+

where n is an integer, K 1s the set of downlink subframe indexes in the bundling

window of subframe v, M 13 the number of downlink subframes in the bundhing
1 - . e P - Arl 3 ieate PN S NENY o
window, &, K, 0<i<M-1, N RB,ePDCCH indicates the ePDCCH physical

resource blocks (PRBs) reserved for use in transmitting the ¢PDCCH ina

5

7\’*/1;

ePUCCH
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Aowest index

downlink subframe, 7 PRE ePDCCH

;18 the lowest PRB index including at least one

eCCE of the ePDCCH detected in the subframe n-k;, N2J" ., indicates the
lowest PRB index for ePDCCH transmission, £ is the number of ¢CCEs in one
PREB, n.oor 1s the lowest index of the ¢CCE i the ePDCCH detected in subframe

n-ki, 0 < necep < E, which is mapped to a PUCCH resource index #1,0y ,

N

cecen Indicates the PUCCH resources offset for the ePDCCH, A 1s a specified
integer that depends upon the size of the bundling window.

{0042} In either of the first or second embodiments, the processing
circuitry may be further configured such that: for cach ePDCCH detected in a
subframe n-k;, the PUCCH resource index #l, , for transmission in a
subframe n 1s calculated as:

n;]L//C( H i =A- (‘F ([ m;; f;zg)ﬁ\ - N ;:jj;[r"/‘(‘r!IV) + neCCE) it /7:;}3'(,7??(717
where nis an mteger, K is the set of downlink subframe indexes m the bundhing
window of subframe n, M 18 the number of downlink subframes in the bundling
window, &; K, 0<i<M-1, N RB,ePDCCH indicates the ePDCCH physical
resource blocks (PRBs) reserved for use m transmitting the ePDCCH mn a

, - lowest index
downlink subframe, IPRB, PDCCH

is the lowest PRB index inchuding at least one
eCCE of the ePDCCH detected in the subframe n-ki, N2 ey indicates the
lowest PRB index for ePDCCH transmission, £ is the number of eCCEs in one
PRB, #0018 the lowest index of the eCCE in the ePDCCH detected in subframe

n-k;, O < necop < E, which 1s mapped to a PUCCH resource index ﬁ,,,,m{ i

N oor indicates the PUCCH resources offset for the ePDCCH, and A is a
specified integer that depends upoun the size of the bundling window.
{88343] in any of the above emboediments, the processing circuitry may be

further configured such that the PUCCH resource index al ., , is calculated as

a function of a PUCCH resource offset N for the ePDCCH that s

ePUCCH
configured by higher layers. The PUCCH resource offset N7/, . for the
ePDCCH may, for example, be a UE-specific parameter determined by the eNB.

16
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8044} The embodiments as described above may be implemented as
methods for operation and/or 1 various hardware configurations that may
include a processor for executing instructions that perform the methods. Such
instructions may be contained in a suttable storage mediom from which they are
transferred to a memory or other processor-executable medium.

{0045] The subject matter has been described in conjunction with the
foregoing specific embodiments. i should be appreciated that those
cmbodiments may also be combined in any manner considered to be
advantageous. Also, many alternatives, variations, and modifications will be
apparent to those of ordinary skill in the art. Other such alternatives, variations,
and modifications are futended to fall within the scope of the following
appended claims.

{8046} The Abstract is provided to comply with 37 C.F.R. Section
1.72(b} requiring an abstract that will allow the reader to ascertain the nature and
gist of the technical disclosure. It is submitted with the understanding that it will
not be used to limit or fnterpret the scope or meaning of the claims. The
following clairas are hereby incorporated into the detailed description, with cach

clairo standing on its own as a separate embodiment.

17
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CLAIMS
What is claimed is:
I. A method for operating a UE (user equipment) 1o an LTE (Long Term

10

Evolution) network using TDD (time division duplex) mode, comprising:

recciving transmitied downlink resource allocations from an ¢NB
{evolved Node B) in an enbanced physical downlink control channel (ePDCCH)
rmade up of one or more indexed enhanced control channel clements (¢CCEs)
contained within indexed physical resource blocks (PRBs); and,

transmitting a hybrid-ARQ acknowledgement corresponding to a
detected ePDCCH allocating physical downlink shared channel (PDSCH)
resources via a physical uplink control channel (PUCCH) resource that is
implicitly indicated by the detected ePDCCH.
2. The method of claim 1 wherein the ¢ePDCCH is detected in g downlink
subframe belonging to a specified bundling window of M indexed downlink
subframes and wherein the PUCCH resource 1s defined by a PUCCH resource
index a0, thatis a function of subframe index, lowest index of a PRB

containing at feast one eCCE in the detected ePDCCH, and lowest eCCE index.

3. The method of claim 1 wherein the ePDCCH 1s detected in a downlink
subframe belonging to a specified bundling window of M indexed downlink
subframes and wherein the PUCCH resource is defined by a PUCCH resource

index #'”

pucer s and further comprising, for each subframe i the bundling
window having an ePDCCH allocating downlink resources, calculating the
PUCCH resource index #0.,; , such that consecutive PUCCH resource indices
are mapped to by the ¢ePDCCHSs ordered 1n accordance with an ordered list of the
eCCEs making up the ePDCCHs where the ¢CCEs are ordered first according to
subframe index, then according to PRB index, and then according to ¢CCE

ndex.

18
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4. The method of claim 2 further comprising, for cach ePDCCH detected in

10

20

in a subframe nas:

lowest index offser
3 “ucfn i =4 ( >~ “Rls erpcer e conocn ~ VR epnocr Nt tece

=0

where 1 is an integer, K 18 the set of downlink subframe indexes in the bundhing

()
AEAD

window of subframe n, M is the number of downlink subframes in the bundling
window, & K, 0 <i<M-1, ’\R“ ePDCCH indicates the ePDCCH physical

resource blocks (PRBs) reserved for use in transmitting the ePDCCH in a

abink arrhfio 4 lowest index
downlink subframe, TpRE ePDCCH

is the lowest PRB index inchuding at least one
eCCE of the ePDCCH detected in the subframe n-ki, N0 .00, indicates the

lowest PRB index for ePDCCH transmission, £ is the number of eCCEs in one
PREB, n.c0r 1s the lowest index of the ¢eCCE in the ePDCCH detected in subframe

n-k;, 0 < necop < E, which is mapped to a PUCCH resource index sl . and

NLD s indicates the PUCCH resources offset for the ePDCCH.
5. The method of claim 4 wherein the PUCCH resources offset N, is a

UE-specific parameter determined by the eNB.

6. The method of claim 1 wherein the ¢ePDCCH is detected in a downlink
subframe belonging to a specified bundling window of M indexed downlink
subframes and wherein the PUCCH resource is defined by a PUCCH resource
mdex nﬁémw and further comprising, for cach subframe in the bundling
window having an ¢PDCCH allocating downlink resources, calculating the
PUCCH resource index nl),, such that consecutive PUCCH resource indices
are mapped to by the ePBCCHs ordered in accordance with an ordered list of the
¢CCEs making up the ¢ePDCCHs where the ¢CCEs are ordered first according to
PRB index, then according to subframe index, and then according to eCCE

ndex.

19
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The method of claim 2 further comprising, for cach ePDCCH detected in

'

a subframe v-%;, caleulating the PUCCH resource index 1/ .., , for transmission

in a subframe nas:

(9 5 A plowest index +0ffset - C s ald)
npuccn,: T E A Upgs eppccr N PRp eppccr’ T recce TE T Nobucen

where 1 is an integer, K 18 the set of downlink subframe indexes in the bundhing
window of subframe n, M 18 the nuraber of downlink subframes in the bundling
nadow b - < i< M-1. N -, indicates the e “CF 810
window, & K, 8 <i<M-1, A RB.ePDCCH indicates the ePDCCH physical
resource blocks (PRBs) reserved for use in transmitting the ePDCCH in a

Aowest index

; i hs < v ; - ot PR indow i Aoy ~
downlink subframe, J PRE ePDCCH ' the lowest PRB index including at least one

eCCE of the ePDCCH detected in the subframe n-ki, N0 .00, indicates the
lowest PRB index for ePDCCH transmission, £ 18 the number of ¢CCEs in one
PREB, n.cor 1s the lowest index of the ¢CCE i the ePDCCH detected in subframe

i}

n-k7, 0 < necor < £, which is mapped to a PUCCH resource index #1500y,

N indicates the PUCCH resources offset for the ePDCCH, and Ais a

elPTCCH

specified integer that depends upon the size of the bundling window.

8. The method of claim 7 wherein the PUCCH resources offset N, ., i a

UE-specific parameter determined by the eNB.

9. The rocthod of claim Twherein the ePDCCH 1s detected 1 a downlink
subframe belonging to a specified bundling window of M indexed downlink
subframes and wherein the PUCCH resource is defined by a PUCCH resource
index 14/ ey, and further comprising, for cach subframe in the bundling
window having an ePDCCH allocating downlink resources, calculating the
PUCCH resource index nj/cq,, such that consceutive PUCCH resource indices
are mapped to by the ¢PDCCHSs ordered in accordance with an ordered list of
the ¢CCEs making up the ePBCUHSs where the eCCEs are ordered first
according to slot nurnber within the subframe, then according to subfrarac index,

then according to PRB index, and then according to ¢CCE index.

280
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10, The method of claim 2 further comprising, for each ePDCCH detected 1o
a subframe n-k;, calculating the PUCCH resource index nf/ .., . for
transmission in a subframe n by selecting a value p from {0,1} that satisfies:

Ny S orcp < Npvpwhere Np= 0, Ny= 2, and Ny = 4

£

" . b atio o .

5 aod calculatiog ny 0y, a8
)(113 5 lowest index fiset LS ;,\,(,])
wpycci.: =52 Uprg sepCcH ~NPkE ePpCCH F Reccr T TE F0 T Nbuocn

where 1 is an integer, K 18 the set of downlink subframe indexes in the bundhing

window of subframe n, M 18 the nuraber of downlink subframes in the bundling

ro k. < § < it
V\'}nd(}\fv” i A ¢ A M- ] \R  ePDCCH

. indicates the ePBCCH physical
10 resource blocks (PRBs} reserved for use in transmitting the ePDCCH in a

Howest index

downlink subframe, 7 PRE ePDCCH

is the lowest PRB index including at least gne

eCCE of the ePDCCH detected in the subframe n-k;, Ny .., indicates the
lowest PRB index for ePDCCH transmission, £ 18 the number of ¢CCEs in one
PREB, n.cor 1s the lowest index of the ¢CCE i the ePDCCH detected in subframe

15 0k, 0 < necep < £, which is mapped to a PUCCH resource index rz,,, cCH 4
N oo indicates the PUCCH resources offset for the ePDCCH, A is a specified

integer that depends upon the bundling window size, and where:

where:
Lt —i-
-~ A-i-1 A7
&= E /\foa iﬁl)’g a Ny,
=0
. . AT N
20 £y o= z Nig erocer N 0 and
=0

}rlavuz index

yi ~ j
o, ={N ps concen FRB ePDCCH = E/2p

11, The method of claim 10 wherein the PUCCH resources offset N0 ., is

a UE-specific parameter determined by the eNB.
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12. The method of claim 1 wherein the ePDCCH is detected in a downlink
subframe belonging to a specified bundling window of M 1ndexed downlink
subframes and wherein the PUCCH resource 18 defined by a PUCCH resource

. g ~ o s o~ © ©
index #p,,, and further comprising, for each subframe in the bundling

L

window having an ¢PDCCH allocating downlink resources, calculating the
PUCCH resource index 10, , such that consecutive PUCCH resource indices
are mapped to by the ePDCCHs ordered in accordance with an ordered list of the
¢CCEs making up the cPDCCHs where the o CCEs are ordered first according to
PRB index , then according to slot mumber within the subframe, then according

10 to subframe index, and then according to ¢CCE index.

13, The method of claim 2 further comprising, for cach ePDCCH detected in
a subframe v-%;, calculating the PUCCH resource index #l ., ; for
transmission in a subframe n by selecting a value p frow {6,1} that satisfies:

15 1’\’}; < Recor < 1’\’;],# i where Ny= & Ny = 2, and Ny=4

and ealeulatine 7' a5
and calculating np)cy; a8

(1 . lowest index roffset . y . o 5 - . 1)
Rreycca; = E-A (J FRB oPDCCH T N PRB. a’-‘DCCH) et (M —i- 1) "N P +FIXN el N ePUCCH

where nis an mteger, K is the set of downlink subframe indexes m the bundhing
window of subframe n, M is the number of downlink subframes in the bundling
20 window, & K, 0 <i<M-1, N:}e B oPDCCH indicates the ¢ePDCCH physical
resource blocks (PRBs) reserved for use in transmitting the ePDCCH ina
lowesi_index

downlink subframe, TprE ePpCrH the lowest PRB index inchiding at least one

eCCE of the ePDCCH detected 1o the subframe n-k;, N ,Cf'gmm rndicates the
lowest PRB index for e PRBCCH transmission, & is the number of eCCls in one

25  PRB, necop is the lowest index of the eCCE in the ePDCCH detected in subframe
ni-ks, © < necep < E, which is mapped to a PUCCH resource index #2900y,

) . . ~ T ~ o , S . c o
N prces ndicates the PUCCH resources offset for the ePDCCH, A s a specified

integer that depends upou the bundhng window size.

37
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14, The method of claim 13 wherein the PUCCH resources offset N ., is

a UE-specific parameter determined by the eNB.

15. The method of claim 1 wherein the ePDCCH is detected in a downlink
subframe belonging to a specified bundling window of M 1ndexed downlink
subframes and wherein the PUCCH resource is defined by a PUCCH resource

i)

ndex Ay, and further comprising, for each subframe in the bundling
window having an ¢PDCCH allocating downlink resources, calculating the
PUCCH resource index 10, , such that consecutive PUCCH resource indices
are mapped to by the ePDCCHs ordered in accordance with an ordered list of the
e¢CCEs making up the cPDCCHs where the o CCEs are ordered first according to

PRB index , then according to eCCE mndex, then according to subframe index.

16. The rocthod of claira 2 further comprising, for cach ePDCCH detected in
a subframe n-k;, calculating the PUCCH resource index #/.,, , for transmission

i1 a subframe n as:

() = ¢ plowest index offse N 1 s N
L = AE ALy o N pgiserpeca Y ecop Y+ Nopyecy

YPUCCH el /

where n 18 an futeger, K is the set of downlink subframe indexes in the bundling

window of subframe u, M is the number of downlink subframes in the bundling
P ;b <7< - /‘,'7; N 4 ieatos 2PN e RIS

window, &; K, 8§ <7< M-1, N}, B.ePDCCH indicates the ¢ePDCCH physical

resource blocks (PRBs) reserved for use in transmitting the ePDCCH in a

lei + inde
towest naex

PRB PDCCH the lowest PRB index including at least one

downlink subframe, J

¢CCE of the ePDCCH detected in the subframe n-k;, N, 00, indicates the
lowest PRB index for e PRBCCH transmission, & is the number of eCCls in one
PRB, n.00p 15 the lowest index of the ¢CCE in the ¢PDCCH detected in subframe
1=k, 0 < mecop < E, which is mapped to a PUCCH resource index njf{,,cm,i,

N o indicates the PUCCH resources offset for the ePDCCH, and A is a

specified integer that depends upon the bundling window size,
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17.  The method of claim 16 wherein the PUCCH resources offset N ., is

a UE-specific parameter determined by the eNB.

18, A method for operating an evolved Node B {(eNB)inainan LTE (Long
Term Hvolution) vetwork using TDD {(tiroe division duplex) mode, comprising:

transmitting data to a UE (user equipment) via a downlink physical
dowuhlink shared chanucl (PDSCH) 1 g subframe;

allocating PDSCH resources to the UE for the subframe in an enhanced
physical downlink control channel (ePDCCH) made up of one or more cnhanced
contrel channel elements {eCCEs} contained within physical resource blocks
{PRBs) that indexed in a cell-specific manner;

allocating a physical uplink control channel (PUCCH) resource to the UE
for acknowledging the transmitted data by implicitly indicating the PUCCH

resource in the ePDCCH.

19, The method of claim 18 wherein the PUCCH resource s defined by a

)

PUCCH resource index n0 ., , that is a function of subframe index, lowest
index of a PRB containing at least one eCCE of the detected ePDCCH, and

towest eCCE index of the detected cPDCCH.

- , . . [ . 1% .
20, T'he method of claim 19 wherein the PUCCH resource index #1,/,.y,, 18

o

further a function of a PUCCH resources offset N ., that is determined by the

eNB in a UE-specific manner.

21, A device operating as user equipment (UE) in an LTE network,
comprising:

an RF transceiver for providing an LTE air interface for communicating
with a base station operating as an enhanced/evolved Node B (eNB); and

processing circuitry to:

receive transmitted downlink resource allocations from an oNB 1n an

enhanced physical downlink control channel (ePDCCH) made up of one or more

24
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indexed enhanced control channel elements (eCCEs) contained within indexed
physical resource blocks (PRBs); and,

ictect an ePDCCH allocating downlink resources in a subframe
belonging to a specified bundiing window of M indexed subframes and transmit
a hybrid-ARQ acknowledgement corresponding to the detected ePDCCH via a
physical uplink control channel (PUCCH) resource defined by a PUCCH

resource index 1., that is a function of subframe index, PRB index, and t

eCCE index.

22, The device of claim 21 wherein the processing circuitry s further to, for
cach subframe in the bundling window having an ePDCCH allocating downlink
resources, caleulate the PUCCH resource index #ijy ., , such that consecutive
PUCCH resource indices are mapped to by ePDCCHSs ordered 1o accordance
with an ordered list of the ¢CCEs making up the ePDCCHs where the ¢CCEs are
ordered first according to subframe index, then according to PRB index, and

then according to eCCE index.

23, The device of claim 21 wherein the processing circuitry is further to, for
cach subframe in the bundhing window having an ¢cPDCCH allocating downlink
resources, calculate the PUCCH resource index nly con ; Such that consecutive
PUCCH resource indices are mapped to by ePDCCHs ordered in accordance
with an ordered list of the eCCEs making up the ePDCCHs where the ¢CCEs are
ordered fivst according to PRB ndex, then according to subframe index, and

then according to ¢CCE index.

24, The device of claim 21 wherein the processing circuitry s further to, for
cach subframe in the bundling window having an ¢ePDCCH allocating downlink
resources, calculate the PUCCH resource index 1l , such that consecutive
PUCCH resource indices are mapped to by ePDCCHSs ordered in accordance
with an ordered list of the ¢CCEs making up the ePDCCHs where the ¢CCEs are
ordered first according to slot number within the subframe, then according to

25
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subframe index, then according to PRB index, and then according to eCCE

index.

25.  Thedevice of claim 21 wherein the processing circuitry 1s further to, for

W

cach subframe i the bundhing window having an ePDCCH allocating downlink
resources, calculate the PUCCH resource index 5l ., , such that consecutive
PUCCH resource indices are mapped o by ¢PDCCHs ordered 1 accordance
with an ordered hist of the eCCEs making up the ePDCCHs where the ¢CCEs are
ordered first according to PRB index |, then according to slot number within the
10 subframe, then according to subframe index, and then according to ¢CCE index.
26.  The device of claim 21 wherein the processing circuitry is further to, for
cach subframe in the bundling window having an ePDCCH allocating downlink

resources, calculate the PUCCH resource index al/ .., , such that consecutive

o
L

PUCCH resource indices are mapped to by ePDCCHs ordered in accordance
with an ordered list of the eCCEs making up the ePIXCCHs where the ¢eCCEs are
ordered first according to PRB index, then according to ¢CCE index, then

according to subframe index.

26
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