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CODE RATE ADAPTATION IN WIRELESS COMMUNICATION SYSTEMS

Technioal Field

[001] The present disclosure generally relates to transmission of Hybrid
Automatic Repetition Request (HARQ) indicators in wireless communication
systems, and more particularly, fo transmission of HARQ indicators using adaptive

code rates.

Backaround

[002] In wireless radio access networks such as Long Term Evolution (LTE)
and LTE-Advanced communication nefworks, HARQ indicators may be transmitted
to notify a packet sending entity whether a transmitted packet was successfully
received. For example, a base station may transmit Physical HARQ Indicator
Channel (PHICH) signals in response to a received uplink packet from a User
Equipment (UE). Upon receiving a PHICH signal, the UE may retransmit the uplink
packet if the received PHICH signal indicates an unsuccessiul reception of the uplink
packet at the base station.

[003] The PHICH signal may be coded before transmission to increase the
probability of successful reception at the UE. In other words, the base station may
add some redundancy to the PHICH signal, or code the PHICH signal before
transmitting the coded PHICH signal to the UE. Moreover, to improve the spectral
efficiency, PHICH signals for multiple UEs may be multipiexed at the same time and

frequency resources using orthogonal code sequences.
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BRIEF DESCRIPTION OF THE DRAWINGS

[004] The accompanying drawings, which are incorporated in and constitute
part of this specification, and together with the description, illustrate and serve fo
explain various embodiments.

[005] Figure 1 illustrates an example cellular wireless communication system
for implementing methods and systems consistent with the present disclosure.

[006] Figure 2 illustrates an example access node device, in accordance with
an embodiment of the present disclosure.

007} Figure 3 illustrates an example user equipment device, in accordance
with an embodiment of the present disclosure.

[008] Figure 4 illustrates an example LTE downlink physical resource
structure for implementing methods and systems consistent with the present
disciosure.

[008] Figure 5 illustrates an example resource mapping scheme for PHICH
signals, in accordance with an embodiment of the present disclosure.

[010] Figure 6 illustrates a flow diagram of an example method for enabling
code rate adaptation of PHICH signals, in accordance with an embodiment of the
present disclosure.

[011] Figure 7 illustrates a flow diagram of anocther example method for
enabling code rate adaptation of PHICH signals, in accordance with an embodiment
of the present disclosure.

[012] Figure 8 illustrates a flow diagram of an example method for uplink
resource grant procedure, in accordance with an embodiment of the present

disclosure.
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1013] Figure 9 illustrates a flow diagram of an example method for receiving
PHICH signals with code rate adaptation performed by a user equipment in
accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION

[014] The present disclosure is directed to systems, methods, and
apparatuses for transmitting and receiving PHICH signals with adaptive code rates.
PHICH signals are used to notify UE whether an uplink packet is received at a base
station. With an increased number of users and applications that ulilize data
packets, improving PHICH capacily in wireless networks helps o accommodate the
increased PHICH traffic. Meanwhile, although the PHICH capacity may be improved
by allocating more resources {o the PHICH signals, this would require additionat time
or frequency resources for the PHICH signals, and may introduce additional cost to
the wireless system. In the present disclosure, methods for improving the PHICH
capacity are provided by taking advantage of different channel conditions and
employing an adaptive code rate for the transmission of PHICH signals.

[015] To improve the PHICH capacity, in some implementations consistent
with this disclosure, PHICH signals may be ransmitted using different code rates
depending on PHICH channel conditions at the UE. For example, a higher code
rate, and correspondingly, fewer resource element groups (REGs) may be used to
transmit the PHICH signals for UEs having a high signal fo noise plus interference
ratic (SINR), Le., better channel conditions. When a UE is located near a cell
coverage center of a base station i.e., cell center, the SINR is normally higher than
when the UE is located near a cell coverage edge of the base station, i.e., cell edge.
Conversely, a lower code rate, and correspondingly, more resource element groups

may be used to fransmit the PHICH signals for UEs having a low SINR, ie., worse
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channel conditions. In this way, the PHICH resources are efficiently utilized
according to specific channel conditions of the UEs. To enable the rate adaptation of
the PHICH signals, the UE may report its channel state information (CSi) with
respect to its received PHICH signals to a base station. Subsequently, the base
station may determine appropriate code rate and number of REGs used for the
PHICH signal and transmit the information regarding the number of REGs used for
the PHICH signal in a radic resource control (RRC) message or in an uplink grant
message or in a medium access control (MAC) control element to the UE.
Accordingly, the UE may detect and decode the received PHICH signals based on
the information regarding the REGs used for the PHICH signal. As such, PHICH
signals with adaptive code rate may be enabled in the wireless network to enhance
the PHICH capacity.

[018] Reference will now be made in detail to the example embodiments
implemented according to the disclosure; the examples are illustrated in the
accompanying drawings. Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

[017] FIG. 1 illustrates an example cellular wireless communication system
100 in which systems and methods consistent with this disclosure may be
implemented. The cellular network system 100 shown in FIG. 1 includes one or
more base stations (i.e., 112a and 112b). In the LTE example of FIG. 1, the base
stations are shown as evolved Node Bs (eNBs) 112a and 112b, although base
stations operate in any wireless communications system, including for example,
macro cell, femto cell, and pico cell. Base stations are nodes that can relay signals
for mobile devices, also referred to hersin a user equipment, or other base stations.

The base stations are also referred to as access node devices. The example LTE
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telecommunications environment 100 of FIG. 1 includes one or more radio access
networks 110, core networks (CNs) 120, and external networks 130, In certain
implementations, the radic access networks may be Evolved Universal Terrestrial
Radio Access Networks (EUTRANs). in addition, core networks 120 may be evolved
packet cores (EPCs). Further, as shown one or more mobile electronic devices
102a, 102b operate within the LTE system 100. In some implementations, 26/3G
systems 140, e.g., Global System for Mobile communication (GSM), interim
Standard 85 (1S-85), Universal Mobile Telecommunications System (UMTS) and
Code Division Multiple Access (CDMAZ000) may also be integrated into the LTE
telecommunication system 100.

[018] In the example LTE system shown in FIG. 1, the EUTRAN 110
includes eNB 112a and eNB 112b. Cell 114a is the service area of eNB 112a and
Cell 114b is the service area of eNB 112b. User equipment (UEs) 102a and 102b
operate in Cell 114a and are served by eNB 112a. The EUTRAN 110 can include
one or more eNBs (i.e., eNB 112a and eNB 112b) and one or more Uks (e, UE
102a and UE 102b) can operate in a cell. The eNBs 1123 and 112b communicate
directly to the UEs 1022 and 102b. In some implementations, the eNB 112a or 112b
may be in a one-to-many relationship with the UEs 102a and 102b, e.g., eNB 1123 in
the example LTE system 100 can serve multiple UEs (i.e., UE 102a and UE 102b}
within its coverage area Cell 114a, but each of UE 102a and UE 102b may be
connected to one eNB 1122 at a time. In some implementations, the eNBs 112a and
112b may be in a many-to-many relationship with the UEs, e.g., UE 102a and UE
102b can be connected to eNB 112a and eNB 112b. The eNB 112a may be
connected to eNB 1120 in which handover may be conducted if ane or both of the

UEs 102a and UE 102b travels from cell 114a to cell 114b. The UEs 102a and 102b
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may be any wireless electronic device used by an end-user to communicate, for
example, within the LTE system 100.

[019] The UEs 102a and 102b may transmit voice, video, muitimedia, text,
web content and/or any other user/client-specific content. The transmission of some
contents, e.g., video and web conient, may require high channel throughput to
satisfy the end-user demand. In some instances, however, the channel between
UEs 102a, 102b and eNBs 112a, 112b may be contaminated by multipath fading due
to the multiple signal paths arising from many reflections in the wireless environment.
Aécardingiy, the UEs’ transmission may adapt to the wireless environment. in short,
the UEs 102a and 102b generate requests, send responses or ctherwise
communicate in different means with Evolved Packet Core (EPC) 120 and/or Internet
Protocol (IP) networks 130 through one or more eNBs 112a and 112b.

[020] Examples of UE include, but are not limited to, a mobile phone, & smart
phone, a telephone, a television, a remote controller, a set-lop box, a computer
monitor, a computer (including a tablet computer such as a BlackBerry® Playbook
tablet, a desktop computer, a handheld or laptop computer, a netbook computer}, a
personal digital assistant (PDA), a microwave, a refrigerator, a stereo system, a
cassette recorder or player, a DVD player or recorder, a CD player or recorder, a
VCR, an MP3 player, a radio, a camcorder, a camera, a digital camera, a portable
memory chip, a washer, a dryer, a washer/dryer, a copier, a facsimile machine, a
scanner, a multi-functional peripheral device, a wristwatch, a clock, and a game
device, etc. The UE 102a or 102b may include a device and a removable memory
module, such as a Universal Integrated Circuit Card (UICC) that includes a
Subscriber ldentity Module (SIM) application, a Universal Subscriber |dentity Module

(USIM) application, or a Removable User Identity Module (R-UIM) application.
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Alternatively, the UE 102a or 102b may include the device without such a module.
The term “UE” can also refer to any hardware or software component that can

terminate a communication session for a user. In addition, the terms “user

n o n R »ox

equipment,” “UE.” "user equipment device,” “user agent,” "UA "user device” and
“mobile device” can be used synonymously herein.

[021] A radio access network is part of a mobile telecommunication system
which implements a radic access technology, such as Universal Mobile
Telecommunications System (UMTS), CDMA2000 and 3rd Generation Partnership
Project (3GPP) LTE. In many applications, the Radio Access Network (RAN)
included in an LTE telecommunications system 100 is called an EUTRAN 110. The
EUTRAN 110 can be located between the UEs 102a, 102b and EPC 120. The
EUTRAN 110 includes at least one eNB 112a or 112b. The eNB can be a radio base
station that may control all, or at least some, radio related functions in a fixed part of
the system. One or more of eNB 112a or 112b can provide radio interface within
their coverage area or a cell for the UEs 1023, 102b to communicate, The eNBs
112a and 112b may be distributed throughout the cellular network to provide a wide
area of coverage. The eNBs 112a and 112b directly communicate with one or more
UEs 102a, 102b, other eNBs, and the EPC 120.

[022] Inthe EUTRAN, the UEs 102 may transmit an uplink packet o the eNB
112 and receive a HARQ indicator (Hi) for the transmitted packet. The HIi indicates
whether the uplink packet is correctly received at the eNB 112. For example, an ACK
indicates that the uplink packet is successfully received while a NACK indicates that
the uplink packet is not successfully received. The Hi may be coded and transmitted

in the form of PHICH signals. In some implementations consistent with the present

disclosure, the PHICH signals may be transmitted using adaptive code rates based
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on the PHICH channel condition between the UE 102 and the eNB 112, In addition,
the UEs 102 may also transmit CSI to report the PHICH channel condition to the
eNBs 112 such that appropriate code rate and number of REGs may be selected by
the eNBs for the transmission of PHICH signals.

[023] The eNBs 112a and 112b may be the end point of the radic protocols
towards the UEs 102a, 102b and may relay signals between the radio connection
and the connectivity towards the EPC 120. In certain implementations, the EPC 120
is the main component of a core network (CN). The CN can be a backbone network,
which may be a ceniral part of the telecommunications system. The EPC 120 can
include a mobility management entity (MME), a serving gateway (SGW), and a
packet data network gateway (PGW). The MME may be the main control element in
the EPC 120 responsible for the functionalities comprising the control plane functions
refated to subscriber and session management. The SGW can serve as a local
mobility anchor, such that the packets are routed through this point for intra EUTRAN
110 mobility and mobility with other legacy 2G/ 3G systems 140. The SGW
functions may include the user plane tunne! management and switching. The PGW
may provide connectivity to the services domain comprising external networks 130,
such as the IP networks. The UEs 102a, 102b, EUTRAN 110, and EPC 120 are
sometimes referred to as the evolved packet systern (EPS). It is {o be understood
that the architectural evolvement of the LTE system 100 is focused on the EPS. The
functional evolution may include both EPS and external networks 130,

[024] Though described in terms of FIG. 1, the present disclosure is not
limited to such an environment. In general, celiular telecommunication systems may
be described as celiular networks made up of a number of radio cells, or cells that

are each served by a base station or other fixed transceiver. The cells are used to
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cover different areas in order to provide radio coverage over an area. Example
cellular telecommunication systems include Global System for Mobile
Communication (GSM) protocols, Universal Mobile Telecommunications System
(UMTS), 3GPP Long Term Evolution (LTE), and others. In addition to cellutar
telecommunication systems, wireless broadband communication systems may also
be suitable for the various implementations described in the present disclosure.
Example wireless broadband communication systerms include 1EEE 802.11 WLAN,
IEEE 802.16 WIMAX network, efc.

[025] FIiG. 2 illustrates an example access node device 200 consistent with
certain aspecis of this disclosure. The example access node device 200 includes a
processing module 202, a wired communication subsystem 204, and a wireless
communication subsystem 208. The processing medule 202 can include one or
more processing components (alternatively referred to as “processors’ or “central
processing units” (CPUs)) operable to execute instructions associated with
managing IDC interference. The processing module 202 can also include other
auxiliary components, such as random access memory (RAM), read only memory
(ROM), secondary storage (for example, a hard disk drive or flash memory).  For
example, the processing module 202 may be configured to transmit PHICH signals
using adaptive code rate. The processing module 202 may also be configured to
determine the resource element groups for the transmission of PHICH signals. In
some implementations, the processing module 202 may be configured to determine
code rate for the fransmission of PHICH signals based on the C8! received from the
UEs. Furthermore, the processing module 202 may be configured to multiplex
PHICH signals for multiple UEs at the same REGs with different orthogonal code

sequences.  Additionally, the processing module 202 can execute certain
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instructions and commands to provide wireless or wired communication, using the
wired communication subsystem 204 or a wireless communication subsystem 206.
One skilled in the art will readily appreciate that various cther components can also
be included in the example access node device 200.

[028] FIG. 3 ilustrates an example user equipment device 300. The
example user equipment device 300 includes a processing unit 302, a computer
readable storage medium 204 (for example, ROM or flash memory), a wireless
communication subsystem 308, a user interface 308, and an /O interface 310.

[027] The processing unit 302 may include components and perform
functionalities similar to the processing module 202 described with regard to FIG. 2.
Moreover, the processing unit 302 may be configured to receive the PHICH signals
with adapiive code rate. The processing unit 302 may further be configured fo
determine the REGs at which PHICH signals are transmitted. in some
implementations, the processing unit 302 may be configured to receive information
regarding the REGs at which the PHICH signals are transmitted, in a radio resource
control (RRC) message or in an uplink grant message or in a MAC conirol element.

[028] The wireless communication subsystem 308 may be configured to
provide wireless communications for data information or control information provided
by the processing unit 302. The wireless communication subsystem 306 can
include, for example, one or more antennas, a receiver, a transmitter, a local
osciliator, a mixer, and a digital signal processing (DSP) unit. In some
implementations, the wireless communication subsystem 308 can support MIMO
fransmissions.

[029] The user interface 308 can include, for example, one or more of a

screen or touch screen {for example, a liquid crystal display (LCD), a light emitting
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display (LED), an organic light emitting display (OLED), a microelectromechanical
system (MEMS) display, a keyboard or keypad, a tracking device (e.g., trackball,
trackpad), a speaker, and a microphone. The VO interface 310 can include, for
example, a universal serial bus (USB) interface. One skilled in the art will readily
appreciate that various other components can also be included in the example UE
device 300,

1030} Figure 4 illustrates an example LTE downlink physical resource
structure for implementing methods and systems consistent with the present
disciosure. The LTE downlink adopts orthogonal frequency division muitiplexing
(OFDM) technology. An OFDM subframe consists of a number of OFDM symbols,
each occupying a certain time duration. As shown in Figure 4, each grid (e.g., 402)
is a basic unit of time and frequency resource which is called a resource element
(RE). The resource elements used for reference signals are referred to as
reference signal resource elements (RSREs). Other REs that are not for reference
signal (RS) transmission are used for data transmission and are referred to as data
REs. The conirof region of a subframe contains time-frequency resources in the first
few OFDM symbols (1-4 symbols) 404 within a subframe, which are allocated to
layer 1 cdﬂtmi signaling. The time-frequency resources in the rest of the OFDM
symbols 408 are allocated to data transmission and are referred to as data region of
a subframe. The frequency resources in each OFDM symbol in the control region
are allocated for layer 1 control signaling transmission in groups of 4 or 6 REs,
termed as resource element groups, such as 408 and 410. Each resource slement
group (REG) consists of 4 data REs. Among these REGs, 4 REGs within the first

OFDM symbol are assigned to transmit physical control format indicator channel

11
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(PCFICH). The rest of the REGs are assigned to transmit PHICH and physical
downlink control channel (PDCCH).

[031] PHICH signals for multiple UEs may be mapped to the same REGs but
with different orthogonal code sequences. For example, a PHICH resource may be

identified by the index pair (n o Nprey ), Where nith s the PHICH group

number and npy., 18 the orthogonal sequence index within the group.
Furthermore, linear block code, e.g., repetition code may be applied to the Hi prior to
the application of orthogonal code sequences. An example repetition code for the
PHICH signal is illustrated in Table 1. The Hi is coded according to following Table,
where for a positive acknowledgement Hl = 1 and for a negative acknowledgement
Hi = 0.

Table 1. Hl code words

"""""""" Fi code word
M {bg, by b2}
O | | <000>
LI <A1

Figure 5 ilustrates an example resource mapping scheme for PHICH signals. In this
example, the PHICH signal is mapped to 3 REGs, i.e., 502, 504, and 508, spread
across the available channe! bandwidth. Each REG contains 4 data REs and the
first REG 502 additionally contains 2 RSREs. As shown in Figure §, the REGs used
to transmit the PHICH signal may be located at different OFDM symbols and
frequencies for better frequency or time diversity. Although the three REGs shown in
Figure 5 are located at different OFDM symbols, it is also possible that the REGs are
located at different frequencies of the same OFDM  symbol in some
implementations, the number of REGs may be flexible, enabling variable code rate of
the PHICH signal depending on various conditions, for example, downlink signal

reception quality. For example, if a UE 102a is very close to the eNB 112a, or the

12



WO 2014/025867 PCT/US2013/053921

UE 102a is equipped with more than one receive antennas, or the UE 102a is
equipped with an advanced receiver, the downlink signal reception quality at the UE
may be very good. In this case, only one REG out of the three available REGs
suffice for a successful PHICH reception at the UE. The reduced number of REGs
would require that a higher code rate is employed for the PHICH signal. On the
other hand, if the UE 102a is ocated far from the eNB 1122z and the downlink signal
reception quality at the UE may be poor, increased number of REGs (e.g., 4 REGS)
may be used for the transmission of PHICH signal. The increased number of REGs
would allow a lower code rate to be applied to the PHICH signal, reducing the error
probability of decoding the PHICH signals.

[032] in the case that a repstition code is used for the coding of PHICH
signals, the code rate may be adjusted by controlling the repetition factor applied on
the Hi bit. As an example, lower repetition factor and reduced number of REGs may
be used for UEs located at cell center which may have better SINR, and higher
repetition factor and increase number of REGs may be used for UEs located at cell
edge which may have worse SINR, to adaptively control the code rate of the PHICH
signals.

[033] A dedicated radio resource confrol (RRC) message (e.g,
RRCConnectionReconfiguration) can be sent to the UE to specify the REGs over
which the PHICH will be sent, such that the UE can decode the PHICH correctly.
Table 2 shows an example RRCConnectionReconfiguration information element
required to enable this type of rate adaption for PHICH. The description of the fields
included in the Radio Resource Configuration information element is provided in

Table 3. Note that other RRC messages could also be used for this purpose.

13
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[034] Specifically, a PHICH_REG_MAP field may be used to indicate the
information of REGs for the transmission of PHICH signal. In some
implementations, the REG information may be representad by one or more bit maps
in the PHICH_REG_MAP field. For example, if the first REG is selected for PHICH
iransmission to a first UE and other two REGs are selected for PHICH transmission
for a second UE, the PHICH REG _MAP may be set {o “100° and ‘011 in the
RRCConnectionReconfiguration message to the first and second UEs, respectively.
When the channel condition for a UE is observed to change significantly, a
RRCConnectionReconfiguration message can be sent to the UE to indicate the REG

focation map for the future PHICH signals.

Table 2. RadioResourceConfighedicated information element
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[035] Additional PHICH _REG_MAP fields may be included to enable more
REGs to be allocated for the PHICH transmission. For example, more than three
REGs may be allocated to cell edge users for the PHICH {ransmission to improve
the PHICH reception performance. In this case the RRCConnectionReconfiguration
message may be modified as in Table 4 (although other RRC messages may also
be used for this purpose). The description of the corresponding fields included in the
Radio Resource Configuration information element is provided in Table 5. As
llustrated in Tables 4 and 5, there are more than one PHICH_REG_MAPs, ie,
PHICH REG MAP1 and PHICH_REG _MAPZ. The PHICH index pair for
determining the available resources  for PHICH REG_MAP1 and
PHICH REG MAP2 may be related and pre-defined, for example, in radio access
network standards.

[036] For example, if (g n,) and (g, n,) are the PHICH index pair
corresponding to PHICH REG_MAP1 and PRICH_REG_MAP2 respectively, then
the PHICH index pair corresponding to PHICH _REG_MAPZ can be defined as
follows:

g, = mod{g; + 1 NEjch
n, = mod{n, + m, 8)

where 1 and m are defined in the radic access network standards.

VENLETART
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Table 5. RadmResgurceConﬁgDed:catesi wiith multiple PHICH _REG MAPs field descriptions

- lngleatUhannulContiy
For ‘?RBa 3 chmce 8 L.:-ed ‘o mdscaie whether the ogsca uhannei con'agu*atmn is Signa:i:‘d axplicitly or set to the
fiex NV

L Fhe ‘f!x‘«':@?.,?h@m}si. &f«.’sﬁi!?_s_fqr_,b@?h,Q,L_,qss*_ O S

- mac-MainConlig : :
Although the ASN.1 includes a choice that is used to. mdsca?e whether the mac-MainCanfig s signalled explicitly or set
to the default MAC main corfiguration as specified in 8.2 2 E / not apply “defauilValug', 5

 measSubframpPatioraPCeil

© Time domain measurement resource restriction pattern for the PCell measurements (RSRP, RERQ and the radie link

r‘”mmfnm e

ric:nConfsg
L For SRBs 2 choice is used {o indicate whether the RLC configuration is signatled explicitly or sel to the values defined

! in the default RLC configuration for SRB1 in 8.2.1.1 or for SRB2 in 8.2.1.2. RLC AM is the only app! licabie RLC mode
: for SRB1 and SRB2. E-UTRAN doas not Mcom‘uure the RLE mode of DRBs except when a full configuration option is |
' used and may “ecoriagu;e the UM RLC SN feid we ani iy upon handover within E-UTRA or upon the first

© srb-ldentily
; Valug 1is applicable for SRB1 only,
 Value 2is applicable for SRBZ ondy.
UPHICH REG_MAPT
L 001 te T11; A1 will incicate presence of PHICH. The position of each bit corresponds to the REG number used for
¢ sending PHICH, The PHICH group and PHICH seq numbsar are derived from the UL grant.
| PHICH REG _MAR2
001 ¢ to 111; A1 will ingicate presence of PHICH. The position of esch bt corresponds to the REG number used for
sanding PH!CH The PHEC graup and PH!LH saq number are uersved f om the UL grant, which different but related

{03?} Aitema‘tsveiy i aﬁd m can be defined as péﬁ of ‘che RRC message (UE
specific) or as part of the system information broadcast (SIB) message (cell specific).
For example, f =0, m=1 and PHICH REG_MAP1="101 and
PHICH REG _MAP2='011, the UE will decode the REGs 1 and 3 on PHICH group,
g, using the PHICH orthogonal sequence number n, and REGs 2 and 3 on the same
PHICH group but using the PHICH arthogonal sequence number ny + 1. Similarly, if
[ =1 m=0 and PHICH REG MAP1="101 and PHICH_REG_MAP2="011', the Uk
will decode the REGs 1 and 3 on PHICH group, g, using the PHICH orthogonal
sequence number ny and REGs 2 and 3 on PHICH group g, using the same PHICH
orthegonal sequence number n,. This method can be extended further o include

more than two PHICH_REG_MAPs.
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[038] In some implementations, instead of sending a dedicated RRC
messages such as a dedicated RRCConnectionReconfiguration message to a Uk,
the REG bit map can also be sent as part of the UL resource grant, (e, as part of
POCCH. In this case, the PHICH REG assignment can be changed for every grant.
The number of bits within the downlink control information (DC1) format O or format 4
may increase by 3 bits when PHICH is sent using less than 4 REGs or € hils
otherwise. Table & provides an example DCI format O to support the flexible
allocation of REGs for PHICH transmission.  DCI format 0 is used for the scheduling
of physical uplink shared channel (PUSCH) in an uplink cell.  Similar field of
PHICH REGs can be applied to DCI format 4. In some implementations, the REG

bit map can also be sent as a MAC control element.

Table 6. DY Format §

- Carrier indicator - £ or 3 bits.

- Flag for format(/format14 differentiation - 1 bit, where value § indicates format ¢ and value
i indicates format 14

- Frequency hopping flag - 1 bit. This field is used as the MSB of the corvesponding resource

allocation field for resource allocation type L.

- esource block assignment and hopping resouree allocation - Hog, (N oy (N gy + 1)/ Z)-[
hits

- Moduiation and coding scherne and redundancy version - 5 bits
- New data indicator - 1 bit

- YPC command for scheduled PUSCH - 2 bits

- Cyclic shift for DM RS ang OCC index - 3 hits

- UL index - 2 bits {this field is present only for TDD operation with uplink-downlink
configuration 0}

- Downlink Assignment Index {DAI} - 2 bits {this field is present only for TDB operation with

uplink-downlink configurations 1-6}

- {Sirequest - 1 or 2 bits . The 2-bit field only applies to Uls that are configured with more
than one DL cell and when the corresponding DCI format is mapped onte the UE specific
search space

- SRS request - 0 or 1 bit. This field can only be present in DCI formats scheduling PUSCH
which are mapped onto the UE specific search space given by the C-RNTI.

18
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- PHICH REGs - 3 bits. The interpretation of this field s provided below.

PHICH REGs
007 to 111 A 1 will indicate presence of PRICH, The position of each bit corresponds to the REQ
number used for sending PHICH,

[039] Figure 6 illustrates a flow diagram of an example method for enabling
code rate adaptation of PHICH signals by transmitting the REG information in a RRC
message. As shown in Fig. 6, the UE 102a may send a channel state information
(C31) report to the eNB 112a via a physical uplink control channetl (PUCCH) or a
physical uplink shared channel (PUSCH) at 602. The CS8! report may include an
indicator of the signal reception guality at the UE, for example, the signal reception
quality of a physical downlink shared channel (PDSCH) at the UE. In some
implementations, the CSI report may include an indicator of the signal reception
quality of the PHICH. For example, UE can report an average post detected SINR
value observed during the PHICH detection (or other representation of PHICH
detection error rate) to the eNB. This would result a better prediction of the PHICH
reception quality at the eNB than from the PDSCH CSI Furthermore, the UE can
report two different SINR values, which correspond to detection of a NACK and an
ACK respectively. A separate SINR report for ACK and NACK may further improve
the prediction accuracy of the PHICH reception quality at the eNB.

1040] After receiving the CSl report, the eNB may average the received CSl
report with prior received CSI reports from the UE to obtain an accurate estimate of
the PHICH channel condition, and then decide or change number and positions of
the REGs for the transmission of PHICH signals at 804. For example, this could be
done by a window-based averaging scheme. In some implementations, the

averaging could be done on the UE side and the UE may report the averaged CSl
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report to the eNB. Averaging CSI reports may improve estimation of the PHICH
channel condition. Subsequently, the eNB may transmit the dedicated
RRCConnectionReconfiguration message to the UE at 806, including the REG
information of the PHICH signal. The REG information may be contained in the
PHICH-REG-ConfigDedicated information element, listed in Table 2 and Table 4.
Note that other RRC messages could also be used.

[041] The UE may transmit a scheduling request (SR} to request uplink
resources for transmitting uplink packets at 808. The eNB may then transmit an
uplink grant to the UE via DCI format © or DCI format 4 over the PDCCH at 610.
After receiving the uplink grant, the UE may transmit the uplink packet at the granted
uplink resources on PUSCH at 612, The eNB may then send the PHICH signal fo
the UE at 814, indicating a positive or negative acknowledgement of the uplink
packet to the UE, on the REGs allocated to the PHICH signal. Since the information
regarding the REGs used for the transmission of PHICH signal is specified in the
previously transmitted RRC message (806), the UE is able to detect the PHICH
signal at the REGs specified in PHICH-REG-ConfigDedicated information element at
616. Accordingly, the adaptive code rate of the PHICH signal is supported by
increasing or reducing the number of REGs used for the transmission of PHICH
signal.

[042] Figure 7 illustrates a flow diagram of another example method for
enabling code rate adaptation of PHICH signals by transmitting the REG information
in an uplink grant message. As shown in Fig. 7, the UE 102a may send a CSl report
to the eNB 112a via a physical uplink control channel (PUCCH) or a physical uplink
shared channel (PUSCH) at 702. The CS! report may include an indicator of the

signal reception quality of a physical downlink shared channel (PDSCH) at the Uk,
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in some implementations, the CSI report may include an indicator of the signal
reception guality of the PHICH.

[043] After receiving the TSI report, the eNB may average the received CSl
report with prior received CSi reports from the UE to obtain an accurate estimate of
the PHICH channel condition, and then decide or change number and positions of
the REGs for the transmission of PHICH signals at 704. For example, this could be
done by a window-based averaging scheme. In some implementations, the
averaging couid be done on the UE side and the UE may report the averaged C5l
report to the eNB. The UE may transmit a scheduling request (SR) to request uplink
resources for transmitting uplink packets at 7068. The eNB may then transmit an
uplink grant with the PHICH_REGs bit indicator to the UE via PDCCH at 708. The
uplink grant with the PHICH_REGs bit indicator may be transmitted using DCI format
0 or DCI format 4. The PHICH REGs bit indicator indicates the REGs used to
transmit the PHICH signal, as shown in Table 8. After receiving the uplink grant, the
UE may transmit the uplink packet at the granted uplink resources on PUSCH at
710. The eNB may then send the PHICH signal to the UE at 712, indicating a
positive or negative acknowledgement of the uplink packet to the UE, on the REGs
allocated to the PHICH signal. Since the information regarding the REGs used for
the transmission of PHICH signal is specified in the previously transmitted uplink
grant (708), e.g., DCI format 0 or DCI format 4, the UE is able to detect the PHICH
signal at the REGs specified in PHICH_REGs bit indicator at 714. Accordingly, the
adaptive code rate of the PHICH signal is supported by increasing or reducing the
number of REGs used for the transmission of PHICH signal.

[044] Figure 8 illustrates a flow diagram of an example method for uplink

resource grant procedure at the eNB to support PHICH signals with adaptive coding
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rate. As shown in Figure 8, the eNB first prioritize the list of UEs that need uplink
resources in subframe J at 802. The priority may depend on the user's quality of
service (QoS) requirements. UE-0 is the UE having the highest priority, UE-1 is the
UE having the second highest priority, and so on. The eNB may first select the Uk
with highest priority (i.e., UE-0) for resource allocation at 804. Next, the eNB may
select uplink resources for that specific UE based on the channel guality information
(CG) measured in the previous subframes at 808 and select the demodulation
reference signal (DM-RS) index for that UE accordingly at 808, Once the uplink
resources and the DM-RS index for the UE are selected, the eNB calculates the
PHICH index pair (nﬁ}}’;‘fgf‘wn;‘;‘j’,@{) and decides the REGs suitable for the PHICH
transmission represented by REG bit map nfff., at 810, The REG bit map
determines the number of REGs for the PHICH transmission and correspondingly
the code rate for the PHICH transmission. The PHICH index pair and the REGs for
PHICH transmission may be selected adaptively based on CQI feedback from the
UE at 812. The CQI feedback may include an indicator of the signal reception
quality of the PHICH or PDSCH.

[045] The eNB may determine whether the PHICH index pair (nﬁj’.;’};j.,,n};‘jm)
is already used for other UEs at 814, If the PHICH index pair is not already used,
the eNB may determine that the PHICH index pair will be used for the UE
Accordingly, the eNB may tag the index pair as “used’ and update the uplink
resource fable for the UEs at 816. The uplink resource table may include the

identification (ID) of the UE, the allocated physical resource blocks fpgp pq and DM-
RS index npuasfor the UE, the PHICH index pair (nﬁ{;jj,ff},,;'zj;j‘i_,c,{\} of the UE, and the

REG bit map for the PHICH transmission nfff-,. The PHICH resource is identified
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by the index pair (ndiien nparen) where nih and npil., may be implicitly

indicated to the UE by the allocated PUSCH physical resource blocks fppp g4 and
DM-RS index npyps. |f the PHICH index pair is already used for other UEs, the eNB
may check whether the REG bit map overlaps with other UEs at 818. If the REG bit
map for the UE does not overlap with other UEs, the eNB may determine that the
PHICH index pair and the REG bit map will be used for the UE. Accordingly, the
eNB may tag the index pair as “used” and update the uplink resource table for the
UEs at 816. If the REG bit map overlaps with other UEs at 818, the eNB may select
the next best uplink (UL) resource blocks or change the DM-RS index for the UE at
820, and then repeat the steps 810-818.

[046] After updating the uplink resource table at 818, the eNB may check
whether additional uplink resources are available for other UEs at 822, If additional
resources are available and there are more UEs requesting for uplink grants at
subframe / the eNB may select the next UE on the priority list for uplink resource
aliocation at 824, and then repeat the steps 810-822.

(0471 If the eNB decides that no additional uplink resources are available or
no more UEs need to be allocated for uplink resources af subframe / at 822, the eNB
may transmit the PDCCH with uplink grants on downlink (DL) subframe / at 826.
Subsequently, the eNB may receive PUSCH from a number of UEs in uplink
subframe (i+4) at 828. The PUSCH transmitted from the UEs can be detected at the
uplink resources listed in the uplink resource table corresponding to identification of
each UE, e.g., based on the physical resource blocks fppp g4 and DM-RS index
npmrsfor @ach UE.  After receiving PUSCH from the UEs at 828, the eNB may
transmit HI in PHICH to those UEs in downlink subframe (i+8) at 830. The PHICH

resources are determined from the PHICH index pair (nf o fpmcy) and the REG
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bit map nEES.,, for each UE. The transmit power of the PHICH signal may be based
on the received CQI feedback at 812, As illustrated in Figure 8, adaptive code rate
of PHICH signals can be achieved by selecting appropriate REG bit map nREC.,, for
gach UE, taking account of the PHICH channel conditions of the Uks.

[048] Figure @ illustrates a flow diagram of an example method for receiving
PHICH signals with code rate adaptation performed by a user equipment. As shown
in Figure 9, the UE first decodes the PDCCH on downlink subframe 7 at 902, In
some implementations, the UE may blindly decode the PDCCH without knowing the
allocated PDCCH resources. If the cyclic redundancy check (CRC) is passed and
the UE receives an uplink grant at downlink subframe /|, the UE transmits a PUSCH
on uplink subframe (i+4) at 804. Subsequent to the uplink transmission at 804, the
UE listens o the Hi in PHICH on downlink subframe (+8) at 808. Specifically, the
UE uses the PHICH index pair {(ng e, ey ) and the REG bit map nfgfy, for the
detection of PHICH signals. As the REG bit map nfEl.,, is adaptively chosen by the
eNB and it is signaled to the UE prior to the PHICH transmission (either via the RRC
messages, or the uplink grant DCI format 0 or DCI format 4, or the MAC control
glement), the UE may detect the PHICH signal with adaptive code rate successfully
at downlink subframe (i+8). In some implementations, the REG bit map information
may be transmitted to the UE in a RRCConnectionReconfiguration message or in an
uplink grant message or in a MAC control element. After decoding the Hi, the UE
may retransmit the uplink packet if the Hi is negative, which means that the PUSCH
transmitted at 904 is not successiully at the eNB.

(048] As described above, one of the benefits of the adaptive code rale
control of PHICH is that the PHICH resources may be utilized efficiently depending

or the channel conditions and thereby improving the PHICH capacity. Moreover, the
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adaptive rate confrol of PHICH enhances the PHICH coverage by allowing more
REGs to be used for UEs at cell edge. In addition, it is not required to allocate extra
control region resources to PHICH with the adaptive code rate, which greatly
simplifies the system design and implementation.

[050] The systems and methods described above may be implemented by
any hardware, software or a combination of hardware and software having the above
described functions. The software code, either in its entirety or a part thereof, may be
stored in a computer readable memory.

[051] While several implementations have been provided in the present
disclosure, it should be understood that the disclosed systems and methods may be
implemented in many other specific forms without departing from the scope of the
present disclosure. The present examples are to be considered as Hllustrative and
not restrictive, and the intention is not to be limited to the details given herein. For
example, the various elements or components may be combined or integrated in
ancther system or certain features may be omitted, or not implemented.

1052] Also, techniques, systems, subsystems and methods described and
iustrated in the various implementations as discrete or separate may be combined
or integrated with other systems, modules, technigues, or methods without departing
from the scope of the present disclosure. Other items shown or discussed as
coupled or directly coupled or communicating with each other may be indirectly
coupled or communicating through some interface, device, or intermediate
component, whether electrically, mechanically, or otherwise. Other exampies of
changes, substitutions, and alterations are ascertainable by one skilled in the art and

could be made without departing from the spirit and scope disclosed herein.
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(053] While the above defailed description has shown, described, and
pointed out the fundamental novel features of the disclosure as applied to various
implementations, it will be understood that various omissions and substifutions and
changes in the form and details of the system illustrated may be made by those

skilled in the art, without departing from the intent of the disclosure.
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WHAT 1S CLAIMED I5;

1. A method for wireless communication, comprising:

receiving a message including information regarding one or more Resource
Element Groups (REGs) used to transmit a Physical Hybrid Automatic Repeat
Request (HARQ) iIndicator Channel (PHICH]) signal, and

detecting the PHICH signal,

2. The method of claim 1, wherein the PHICH signal is detected using a

repetition code.

3. The method of claim 1, wherein the message is a Radio Resource

Conirol (RRC) message.

4, The method of claim 1, wherein the information is represented by one

or more bit maps.

5. The method of claim 1, wherein the message is an uplink resource

grant message.

8. The method of claim 5, wherein the uplink resource grant message is
received using at least one of Downlink Control Information (DCI) format 0 or DC

format 4.
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7. The method of claim 1, further comprising transmitling Channel State
information (CS1) prior to receiving the message including information regarding the

one or more REGs.

8. The method of claim 7, wherein the CSI is determined based on

measurement of a Physical Downlink Shared Channel (PDSCH).

9. The method of claim 7, wherein the CSl is determined based on

measurement of a PHICH.

10.  The method of claim 1, further comprising fransmitting an uplink packet

prior to detecting the PHICH signal.

11.  The method of claim 10, further comprising fransmitting a scheduling

request prior to receiving the message including information regarding the one or

more REGs.
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12. A user equipment configured to

receive a message including information regarding one or more Resource
Element Groups (REGs) used fo transmit a Physical Hybrid Automatic Repeat
Request (HARQ) indicator Channel (PHICH) signal; and

detect the PHICH signal.

13.  The user equipment of claim 12, wherein the PHICH signal is detected

using a repstition code.

14,  The user equipment of claim 12, whersin the message is a Radio

Resource Control (RRC) message.

15.  The user equipment of claim 12, wherein the information is represented

by one or more bit maps.

16. The user equipment of claim 12, wherein the message is an uplink

resource grant message.

17.  The user equipment of claim 18, wherein the uplink resource grant
message is received using at least one of Downlink Control information (DCI) format

g or DClformat 4.

18.  The user equipment of claim 12, further configured to transmit Channel

State Information (CSH) prior {o receiving the message including information

regarding the one or more REGs.
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18.  The user equipment of claim 18, wherein the CSl is determined based

on measurement of a Physical Downlink Shared Channel (PDSCH).

20. The user equipment of claim 18, wherein the C8l is determined based

on measurement of a PHICH.

21. The user equipment of claim 12, further configured to transmit an

uplink packet prior to detecting the PHICH signal.

22.  The user equipment of claim 21, further configured to transmit a

scheduling reguest prior to receiving the message including information regarding

the one or more REGs.

31



WO 2014/025867 PCT/US2013/053921
130
e,
ST o T
ot > N 100
ya X i
{ } v/
\ EXTERNAL NETWORKS
{_ (2.9 P NETWORKS) .
‘x\\ p
\\“‘“‘“‘“\N P e
140
;:} “"M”‘\.ef"‘;“‘\\&\
! 263G T EVOLVED PACKET | 420
(, SYSTEM CORE (EPC)
B EUTRAN
110
!/’
o sosns oot oo sosos oo s woote somone s s s} ovoson, oo
g N
) ,‘j E ‘\\
| o A 1120w~ eNB B E >
| / s
i S i 7{/, 114b
S128 eNB A E’
| VEB N ’

m\mmmmwmmmwﬁwmwmw

\ ) s
hY B 'j“
G ,
% 8§ ! /
114a i ,"&';:J} V4
N Sl /'/
AN UEA s
N\ 7
N e e vem oot oo oo et e e i ?

1/8

4



WO 2014/025867

PCT/US2013/053921

202
. PROCESSING MODULE 200
3
——
204 WIRED COMMUNICATION
SUBSYSTEM
208 WIRELESS COMMUNICATION
= SUBSYSTEM
FIG. 2
302
3 PROCESSING UNIT
= 300
'&‘w#__,f
304
. STORAGE MEDIUM
306
| WIRELESS COMMUNICATION
SUBSYSTEM
308
- USER INTERFACE
310
. O INTERFACE




WO 2014/025867 PCT/US2013/053921

400 Subframe (1 ms)

) R
i =
3
W E— PR B D WD & s ~ P ° ~ 2 I « v >
. RE 5 osorer oL P oLo:oioLo:oioi
» ) Data SRS A T

N RSRE - Anterna port -0 77} TTITTT 7771 a0
E//;} RSRE - Antenna port -1 § ; - L I

.1

408
80 kHz . |

SRER

i@ng'ési;:

{PRE) L |10z

“““““““““““ win g b
N Lie
R 7 e

PRGN ETS FN

A . JOVR W UV N . D
410
- x I - = - ~ " « »
] . L] o x < x: * o L3 e X - ~
< b L] L] N a » X > L [} o > L3
< w = &« bt ® - % - + ¥
5 2 Y ) K ] s N < @
: t
22 & k1

S
BN > 406
_ \ 404
¢ S
Control Diata
Region Region

£ 3




PCT/US2013/053921

WO 2014/025867

Subframe {1 ms)

m -7
&
ol
€
xob b4 s basER
3
ke 0! L
o H
xmwee i i seaen
Y 3 i
R i it st o‘.h, 7
REEY S & w R
&
&
faaahd £ E A
¥
&
% o i
GELRX i o H aewvE
G i EX i
i P 3
Py %
7
senEN o P22 E ]
P
FeEE H P FRREL
: 7 & 3
rs Il
] s#
Caswn i ¥ 08%X
I .
he ¥
KRY DG rad [Ty
; ;
.,vl..
2 "
g0 A5 4K o o B - ey EEGQQS,V,!.»L
N
Foxewn ] Ko oan o P ]
2 oy 2
] .Ar 3
Bruns Gevin / . wndei / Py s
3 S oy R 3 2
] AN 3
Hrrxn - EREEE ANDGS X XS %
? %,
2 : . o : 5 %
b
w..,
N .
Mw o 4
. 3
. Eo
i
53 144
B R

asanan]

REG

Ll ]

a

4
L

Da

Control

Region

Region

FIG. &



WO 2014/025867

CSireport (PUCCHPUSCH)

PCT/US2013/053921

608

Average the C8
decide or change number and
positions of the REGs for the
fransmission of PHICH signal

RRC Connection RConﬂg with
PHICH-REG-Config Dedicated

604

SR
808

PDCCH (UL grant)
610

PUSCH
812

PHICH
814

Detect PHICH at the REGs
specified in PHICH-REG-
ConfigDedicated B

816

FIG. 8




WO 2014/025867 PCT/US2013/053921

700
}
a&*”ﬁi
UE aNB
CSl report (PUCCH/PUSCH])
102
Avergge fha Si reportand g
decide or change number arnd g
positions of the REGs for |
transmission of PHICH signal
104
Piitis) 1
AAT 3
PRCCH (UL grant) with the
PHICH-REG bit indicator
708
PUSCH
710 -
PHICH '
712
Datact PHCH at e BECS
spacified in PHICH_REGs bit
indicator field
14
FIG. 7



WO 2014/025867 PCT/US2013/053921

o S

(sTaRT )

1

Prioritize the list of Lils that need the resource | 802
grant in subframe-i {e.g. Based onthe QoS | ./
requirements) UE-m, m=0, . N1 .

Select UL resources ¢ Uk-m based on the T 3
measured in the previous subframes ot

& 808
| Select the DM-RS index L
1 L
812 i 810
o0l feedback Calculate the PHICH index pair |

\
from UE-m ( gonpseq i RG
) Pomicir» Rouics ; with  mppy

e f£ 81 4

~Indax ;3:?5?\ L
No P ) g
; C isaleady e
- ‘ T usecﬂ'?ﬁ,.»"‘“
tag the index pair as "used” il 820
Updata the 1able with the index pa:rs 218 1\ & g4p 3

hy SN i &
Vi 1D~ *“ s g onans 5 ) ol N 36 1o the next best UL
& el N resource blocks or e
‘ \@fM PRING T~ change DR-RS index

g e

T e 822 824

o
o ms(N-1) awi\wv VO ——
\‘«»-mﬁ =gyt

-

A T

£, oo P
E\ FEFHCH TP

_—

e ) UL resources are

available? 7
\\ ,»"'M
\,\\ _,‘

No

Transmit PDCCH with the UL ;
grants on DL subframe-/ ey
s =

UE 1D o P | }
= Ui Pians) | Rewsive PUSCH from UE-m, ??8

m=0,. . A1 in UL subframe-(i#d) L

¥

Transmit Hi in PHICH to UE-m, m=0,.. A= | g3p
1 in DL subframe-(/+8) Setl the fransmit K]
power based on the CQI fesdback =

‘

{ sTOP

FIG. 8

7/8



WO 2014/025867 PCT/US2013/053921

900
/
."“‘.‘..
e
{ sTART )
N
¥
1074
decode the PDCCH on DL subframe -/ y
if CRC Passed, Transmit PUSCH on | go4
UL subframe-(i+4) A
¥
it 5 ) - Listen to Hi in PHICH on DL 906
subframe-(+8) s
hd
7 R
i STOP
FIG. 8

8/8



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US13/53921

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO04w 72/08 (2013.01)
USPC - 370/329

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

USPC Classification(s): 370/329; 370/328; 370/336

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) Classification(s): HO4W 72/08; HO4W 4/00; HO4W 72/04 (2013.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

IEEE; Google/Google Scholar

data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A);Google/ Google patents; DialogPRO;

wireless, mobile, cellphone, PHICH, physical hybrid automatic repetition request, radio resource control, resource element groups

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010/0118800 A1 (KIM, Y et al.) 13 May 2010; Figure 36, paragraphs [0072)-{0073], [0156), | 1,2, 4,5, 7,10, 12, 13,
[0402), [0413]-[0414], [0436). : 15, 16, 18, and 21

Y ' 3,6,8,9, 11, 14,17, 19,
20, and 22

Y US 2012/0033650 A1 (AHN, J et al.) 9 February 2012; paragraphs [0045], [0049]. 3and 14

Y US 2012/0140724 A1 (SIPOLA, H et al.) 7 June 2012; paragraphs [0028]-[0029], [0033]. 6and 17

Y US 2012/0026960 A1 (OKUBO, N et al.) 2 February 2012; paragraphs [0046]-[0047], [0090]. 8,9, 11,19, 20, and 22

I:] Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date .

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wy»

“&” document member of the same patent family

Date of the actual completion of the international search

21 October 2013 (21 ..1 0.2013)

Date of mailing of the international search report

©29 0CT 2013

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report

