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SUPPLEMENTAL NODE TRANSMISSION
ASSISTANCE IN A WIRELESS
COMMUNICATIONS NETWORK

TECHNICAL FIELD

[0001] The present disclosure relates generally to a wire-
less communications network, and, more specifically, to the
use of supplemental wireless communication network nodes
to improve uplink and downlink wireless transmissions
between the network and wireless user equipment.

BACKGROUND

[0002] A mobile orcellular telephone system is an example
of a wireless communications system for transmitting and
receiving data between wireless end user equipment or appli-
cations and wireless network equipment. Transmitted and
received data may be in the form of data packets. Transmitted
and received data packets may be in a variety of formats and
may include a variety of different types of data, such as voice
data, binary data, video data, and the like.

[0003] Inatypical wireless communications system, wire-
less transmissions take place between wireless user equip-
ment, such as a cellular telephone or other device using wire-
less technology, and nodes of the wireless communications
network. Transmissions from the network nodes to the user
equipment are referred to as downlink transmissions or for-
ward link transmissions. Transmissions from the user equip-
ment to the network nodes are known as uplink transmissions
or reverse link transmissions.

[0004] Some known or proposed wireless communications
networks may provide different types of network nodes for
providing wireless communications with wireless user equip-
ment. For example, a heterogeneous Long Term Evolution
Advanced, LTE-A, wireless communications network
employs both regular nodes, such as conventional evolved
Universal Mobile Telecommunications System, UMTS, Ter-
restrial Radio Access Network, E-UTRAN, Node B nodes,
and relay nodes for communications with wireless user
equipment. In this case, the regular nodes and relay nodes
perform similar functions in establishing and carrying out
wireless communications with user equipment. The main
difference between the regular nodes and relay nodes is the
transmission power. For example, in a Long Term Evolution
Advanced, LTE-A, network, there likely will be a large dif-
ference between E-UTRAN Node B transmission power, for
example, 46 dBm, and relay node transmission power, for
example, 30 dBm or 36 dBm.

[0005] At the initiation of wireless communications
between wireless user equipment and a wireless communica-
tions network, or as the user equipment moves, the user
equipment selects the network node with which it will com-
municate. This node is known as the serving node. The serv-
ing node is used for both uplink and downlink communica-
tions between the user equipment and the network. Typically,
the user equipment will attempt to select the best network
node to operate as the serving node based on downlink signal
strength. Thus, user equipment typically will select the net-
work node from which the user equipment receives the stron-
gest downlink signal as the serving node. In a wireless com-
munications network that provides both standard and relay
nodes, either a standard node, such as a conventional E-UT-
RAN node B node, or a relay node may be selected by the user
equipment as the serving node based on received downlink
signal strength at the user equipment.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a better understanding of the various embodi-
ments described herein, and to show more clearly how they
may be carried into effect, reference will now be made, by
way of example only, to the accompanying drawings which
show at least one exemplary embodiment and in which:
[0007] FIG. 1 is a block diagram of a wireless network in
accordance with an illustrative embodiment;

[0008] FIG.2isablock diagram of wireless user equipment
in accordance with an illustrative embodiment;

[0009] FIG. 3 is a block diagram of a data processing sys-
tem depicted in accordance with an illustrative embodiment;
[0010] FIG. 4 is a block diagram illustrating a communica-
tions environment in accordance with an illustrative embodi-
ment;

[0011] FIG. 5 is a flowchart of a method of supplemental
node transmission assistance in a wireless communications
network in accordance with an illustrative embodiment;
[0012] FIG. 6 is a diagram illustrating message flows in a
method for selecting an uplink supplemental node in accor-
dance with an illustrative embodiment;

[0013] FIG. 7 is a diagram illustrating message flows in a
method for using an uplink supplemental node in accordance
with an illustrative embodiment;

[0014] FIG. 8 is a flowchart of a method of selecting uplink
supplemental nodes in accordance with an illustrative
embodiment as implemented in a serving node;

[0015] FIG. 9 is a flowchart of a method of using uplink
supplemental nodes for transmission assistance in a wireless
communications network in accordance with an illustrative
embodiment, as implemented in a serving node;

[0016] FIG. 10 is aflowchart of a method of rate adaptation
as implemented in a serving node in accordance with an
illustrative embodiment;

[0017] FIG. 11 is a flowchart of an alternative method of
rate adaptation as implemented in a serving node in accor-
dance with an illustrative embodiment;

[0018] FIG. 12 illustrates an example of obtaining hybrid
automatic repeat request transmission statistics using a slid-
ing window technique in accordance with an illustrative
embodiment;

[0019] FIG. 13 is a chart illustrating simulated signal to
interference-plus-noise ratio performance enhancement
using an uplink supplemental node for transmission assis-
tance in a wireless communications network in accordance
with an illustrative embodiment; and

[0020] FIG. 14 is a chart illustrating simulated signal to
interference-plus-noise ratio performance enhancement
using a downlink supplemental node for transmission assis-
tance in a wireless communications network in accordance
with an illustrative embodiment.

DETAILED DESCRIPTION

[0021] It will be appreciated that, for simplicity and clarity
of illustration, where considered appropriate, reference
numerals may be repeated among the figures to indicate cor-
responding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the embodiments described herein. How-
ever, it will be understood by those of ordinary skill in the art
that the embodiments described herein may be practiced
without these specific details. In other instances, well-known
methods, procedures and components have not been
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described in detail so as not to obscure the embodiments
described herein. Also, the description is not to be considered
as limiting the scope of the embodiments described herein.
[0022] The different embodiments disclosed herein recog-
nize and take into account a number of different consider-
ations. For example, the disclosed embodiments recognize
and take into account that a wireless network may include
different types of network nodes, such as standard nodes and
relay nodes, for wireless communications with wireless user
equipment. Such different types of network nodes may pro-
vide for different levels of transmission power on the down-
link from the nodes to the user equipment. On the uplink,
however, there is only one uplink transmission from the user
equipment. The uplink from the user equipment may be
received by multiple standard and relay nodes in a wireless
communications network. The received power from such an
uplink transmission is heavily dependent on the propagation
path between the user equipment and the receiving standard
orrelay node. Therefore, there are times when user equipment
will receive a stronger downlink transmission from a standard
node, having greater transmission power, while, at the same
time, another node, such as a relay node, receives a stronger
uplink transmission signal from the user equipment. This
leads to an uplink/downlink reception imbalance.

[0023] The disclosed embodiments also recognize and take
into account that an uplink/downlink reception imbalance
may make it difficult for user equipment to select the best
node, either a standard node or a relay node, as the serving
node for its uplink and downlink communications needs. For
example, in a Long Term Evolution Advanced network
employing E-UTRAN Node B nodes and Type 1 relay nodes
that function as lower power E-UTRAN Node B nodes, it may
be difficult for legacy user equipment to select the best E-UT-
RAN Node B node or Type 1 relay node for its serving node.
User equipment normally chooses its serving node based on
downlink signal strength. On the other hand, it is important
for the user equipment to have both good downlink and uplink
signal power. Otherwise, bi-directional communication with
the user equipment cannot be guaranteed, especially for voice
service.

[0024] The embodiments disclosed herein provide a
method and system that employs multiple network nodes for
wireless communications between a communications net-
work and wireless user equipment that enables the user equip-
ment to have both the best available downlink and uplink
signal power. In particular, the disclosed embodiments
employ supplemental nodes, such as an uplink supplemental
node or a downlink supplemental node, for providing trans-
mission assistance to a serving node in providing wireless
transmissions between a wireless communications network
and wireless user equipment. The disclosed embodiments
may be implemented in any wireless communications net-
work in which an uplink/downlink reception imbalance may
occur. In particular, the disclosed embodiments may be
implemented in a heterogeneous wireless communications
network having both higher power network nodes and lower
power relay nodes for communications with wireless user
equipment. For example, illustrative embodiments may be
implemented in a heterogencous Long Term Evolution
Advanced wireless network employing relay nodes, such as
Type 1, Type 2 or other relay nodes, to fully exploit the gain
available by utilizing the available relay nodes.

[0025] A wireless communications system in accordance
with an illustrative embodiment is depicted in FIG. 1. Wire-
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less communications system 100 includes wireless commu-
nications network 102. For example, wireless network 102
may be a wireless network implemented in accordance with
the Long Term Evolution, LTE, standard for mobile network
technology. It should be understood, however, that illustrative
embodiments may be implemented in other wireless commu-
nications networks, such as a Universal Mobile Telecommu-
nications System, UMTS, network, a Global Systems for
Mobile, GSM, network, or any other current or future wire-
less network employing any other standard or technology.
Wireless network 102 may comprise a single network or
multiple networks forming a network of networks.

[0026] Wireless network 102 provides wireless communi-
cations with user equipment 104 via wireless communica-
tions channel 106. As will be discussed in more detail below,
examples of user equipment 104 may include mobile wireless
communication devices including pagers, cellular phones,
cellular smart-phones, wireless organizers, personal digital
assistants, computers, laptops, handheld wireless communi-
cation devices, wirelessly enabled notebook computers and
the like. Although only user equipment 104 is shown by
example in FIG. 1, wireless network 102 may support simul-
taneous communications with large numbers of user equip-
ment of various different types.

[0027] Wireless communications channel 106 is estab-
lished dynamically between user equipment 104 and node
108 of wireless network 102. Channel 106 may be estab-
lished, for example, at the time that a call to or from user
equipment 104 is initiated. For a Long Term Evolution net-
work, the air interface between user equipment 104 and node
108 is the Evolved Universal Mobile Telecommunications
System Terrestrial Radio Access Network, E-UTRAN.
[0028] E-UTRAN wuses orthogonal frequency-division
multiplexing, OFDMA, a system where the available spec-
trum is divided into many thin carriers, each on a different
frequency, each carrying a part of the signal. For downlink
transmissions, from node 108 to user equipment 104, there
are at least four main physical channels. The physical down-
link control channel, PDCCH, is used for transmitting the
downlink control information. The physical downlink shared
channel, PDSCH, is used for all data transmission. The physi-
cal multicast channel, PMCH, is used for broadcast transmis-
sions using a single frequency network. The physical broad-
cast channel, PBCH, is used to send most important system
information within a cell.

[0029] Inthe uplink, from user equipment 104 to node 108,
there are at least three physical channels. All data is sent on
the physical uplink shared channel, PUSCH. For the physical
uplink shared channel only, E-UTRAN uses a pre-coded ver-
sion of orthogonal frequency-division multiplexing called
single carrier frequency division multiple access, SC-FDMA,
which reduces power consumption and peak-to-average-
power ratio, PARR, in user equipment 104. The physical
random access channel, PRACH, is used for initial access and
when user equipment 104 is not uplink synchronized. Uplink
control information typically is transmitted on the physical
uplink control channel, PUCCH.

[0030] E-UTRAN provides for hybrid automatic repeat
request, HARQ, retransmissions between user equipment
104 and node 108, for reliability. Hybrid automatic repeat
request retransmissions include asynchronous adaptive re-
transmissions in the downlink, from node 108 to user equip-
ment 104, and synchronous non-adaptive retransmissions in
the uplink, from user equipment 104 to node 108. Synchro-
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nous non-adaptive hybrid automatic repeat request retrans-
mission means that the retransmission of hybrid automatic
repeat request blocks occurs at pre-defined periodic intervals
and that the modulation and code scheme of the retransmis-
sion is the same as the initial transmission. Therefore, no
explicit signaling is required to indicate the retransmission
schedule to the receiver. Asynchronous adaptive hybrid auto-
matic repeat request transmission offers the flexibility of
scheduling re-transmissions based on air interface condi-
tions.

[0031] Node 108 is a radio access node providing the inter-
face between wireless network 102 and user equipment 104.
Node 108 may be referred to generically as a base transceiver
station. Node 108 includes one or more radio frequency trans-
mitters 112 and receivers 114 coupled to one or more anten-
nas 110. E-UTRAN employs multiple-input and multiple-
output, MIMO, technology. Therefore, node 108 in a Long
Term Evolution network may employ multiple antennas 110
for communication with user equipment 104 over wireless
channel 106, such as up to four or more antennas 110 per node
108. Antenna 110 may include smart antenna arrays with
signal processing algorithms used to identify spatial signal
signatures, such as the direction of arrival of a signal, and to
use such signatures to calculate beamforming vectors, to
track and locate the antenna beam on mobile user equipment
104.

[0032] Transmitters 112 and receivers 114 are used by node
108 to communicate directly with mobile devices, such as
user equipment 104, via wireless communication channel
106. Node 108 provides wireless network coverage for a
particular coverage area, commonly referred to as a “cell”.
Node 108 includes one or more processing systems 116, such
as computer processing systems, for implementing the func-
tionality provided by node 108. In a Long Term Evolution
network, node 108 is an Evolved Universal Terrestrial Radio
Access Network Node B, E-UTRAN Node B, or eNB. Such
a node performs many functions, including radio resource
management, admission control, scheduling, enforcement of
negotiated uplink quality of service, cell information broad-
cast, ciphering and deciphering of user and control data, and
compression and decompression of downlink and uplink user
packet headers. Such functionality may be implemented in
software programs executed by processing system 116. Node
108 also may be adapted to perform functions related to
providing supplemental node transmission assistance in
accordance with an illustrative embodiment, as will be
described in more detail below.

[0033] Although only node 108 is shown in FIG. 1, wireless
network 102 in accordance with an illustrative embodiment
may include many similar nodes. Wireless network 102 may
include different types of nodes for providing the interface
between wireless network 102 and user equipment 104. For
example, in a heterogeneous Long Term Evolution-Advanced
network, both standard nodes 108, such as E-UTRAN Node B
nodes, and relay nodes 118, or other types of low transmission
power nodes, are provided. Relay nodes 118, such as Type 1
relay nodes, Type 1a relay nodes, Type 1b relay nodes, Type
2 relay nodes, or other types of relay nodes in a Long Term
Evolution-Advanced network, may provide the same basic
functionality as standard nodes 108. However, relay nodes
118 provide less transmission power than standard nodes 108.
Although only relay node 118 is shown in FIG. 1, wireless
network 102 in accordance with an illustrative embodiment
may include many relay nodes.
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[0034] Serving gateway 120 routes and forwards user data
packets to and from nodes 108 and 118. Serving gateway 120
also acts as a mobility anchor during inter-node handovers,
which occur when user equipment 104 moves out of the
coverage area of one node 108 and into the coverage area of
another node. Similarly, serving gateway 120 acts as the
anchor for mobility between Long Term Evolution network
102 and other wireless networks 122 using other standards
and technologies.

[0035] Mobility management entity 124 is responsible for
tracking and paging procedures, including retransmissions,
when user equipment 104 is in idle mode, that is, when user
equipment 104 is not actively transmitting and receiving data
via node 108 or 118. It is involved in the activation and
deactivation process, and is also responsible for choosing the
serving gateway at the initial attachment of user equipment
104 to network 102 and at the time of a handover involving
node reallocation. It is responsible for authenticating users.
Mobility management entity 124 also provides the control
functions for mobility between Long Term Evolution net-
work 102 and other wireless networks 122 using other stan-
dards and technologies.

[0036] Packet data network gateway 126 provides connec-
tivity to external packet data networks, such as the Internet
128. Thus, packet data network gateway 126 provides con-
nectivity for user equipment 104 to external packet data net-
works by being the point of exit and entry of packet data
network traffic for user equipment 104. User equipment 104
may have simultaneous connectivity with more than one
packet data network gateway for accessing more than one
packet data network.

[0037] Serving gateway 120, mobility management entity
124, and packet data network gateway 126 form core network
130 of Long Term Evolution wireless network 102. Although
only serving gateway 120, mobility management entity 124,
and packet data network gateway 126 are shown in the
example illustrated in FIG. 1, core network 130 of a Long
Term Evolution wireless network in accordance with an illus-
trative embodiment may include multiple serving gateways,
mobility management entities, and packet data network gate-
ways. A Long Term Evolution wireless network provides for
network support and load sharing of traffic across network
elements in the core network 130 by creating pools of mobil-
ity management entities and serving gateways and allowing
each node 108 or 118 in the network to be connected to
multiple mobility management entities and serving gateways
in a pool. The various nodes 108 and 118 of wireless network
102 may communicate with each other via a backhaul com-
munication channel extending through core network 130.
[0038] It can be seen that a main function of core network
130 is to provide for the routing of data packets among user
equipment 104 on network 102 and between user equipment
104 on network 102 and users on other networks, such as
other wireless networks 122 and other public or private net-
works, such as the Internet 128, the Public Switched Tele-
phone Network, and the like. Functions provided by core
network 130 in Long Term Evolution network 102, as illus-
trated in FIG. 1, may be provided by different systems and
structures in different types of wireless networks in which
illustrative embodiments may be implemented, including, for
example, in Global System for Mobile Communications,
GSM, and Universal Mobile Telecommunications System,
UMTS, networks. The list of components presented with
respect to FIG. 1 is not meant to be an exhaustive list of the
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components of a wireless network, but rather a list of com-
ponents that are commonly used in communications through
wireless network 102.

[0039] FIG.2isablock diagram of wireless user equipment
in accordance with an illustrative embodiment. In this
example, user equipment 200 is an example of user equip-
ment 104 in FIG. 1. User equipment 200 may include any
two-way communication device with data communication
capabilities, including the capability to communicate with
other user equipment, computer systems, or other devices
through a wireless communications network, such as, for
example, communications network 102 described above with
reference to FIG. 1. User equipment 200 may, but need not,
have the capability to provide voice communications.
Depending on the functionality provided, user equipment 200
may be referred to as a data messaging device, a two-way
pager, a cellular telephone with data messaging capabilities, a
wireless Internet appliance, or a data communications device,
with or without telephony capabilities.

[0040] User equipment 200 includes processor 202. Pro-
cessor 202 controls the overall operation of user equipment
200. Processor 202 may be implemented as one or more
individual programmable processing devices, including one
or more microprocessors or similar devices adapted for run-
ning computer programs.

[0041] Processor 202 interacts with user equipment sub-
systems, such as communications subsystem 204, storage
media 206, and user input and output subsystem 208. Com-
munications subsystem 204 will be described in more detail
below. Storage media 206 may include various types of
memory media or memory devices readable by processor
202, such as random access memory, read-only memory, flash
memory, a subscriber identity module, SIM, or a removable
user identity module, RUIM, card, or any other type of media,
device, or structure for storing computer programs and data in
any form usable by processor 202. User input and output
subsystem 208 includes devices or structures for providing
direct user interaction with user equipment 200. For example,
user input and output subsystem 208 may include a display,
keyboard or key pad, speaker, microphone, or any other
device or structure providing for direct interaction of a user
with user equipment 200, such as a touch screen, mouse, track
ball, infrared fingerprint detector, or a roller wheel with
dynamic button pressing capability. User equipment 200 may
include subsystems other than those illustrated in FIG. 2 and
described in detail herein, such as a data port, a short-range
wireless communications device, and a battery interface to
one or more rechargeable batteries, and other device sub-
systems. All user equipment subsystems may be in direct or
indirect communication with processor 202, such that pro-
cessor 202 may interact with or control operation of the
subsystems, as appropriate.

[0042] Storage media 206 includes stored therein computer
programs in the form of software components that are run by
processor 202 and associated data used in running the pro-
grams or resulting from execution of the programs. Computer
programs and related data stored in storage media 206 include
computer programs implementing system applications and
related system application data 210 and computer programs
implementing user applications and related user application
data 212.

[0043] System applications 210 include applications
implementing functions related to general operation of user
equipment 200. System applications 210 typically operate
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automatically in a manner that is invisible to a user of user
equipment 200. For example, system applications 210 may
include an operating system application, a connect function
for implementing the communication protocols that are
required for user equipment 200 to communicate with the
wireless infrastructure and any host system that user equip-
ment 200 is authorized to interface with, a device state appli-
cation providing persistence for ensuring that important
device data is stored in persistent memory so that the data is
not lost when user equipment 200 is turned off or loses power,
a battery power management and charging function, or any
other functions necessary or desirable for operation of user
equipment 200.

[0044] User applications 212 include applications imple-
menting functions that are used by a user of user equipment
204 via user interaction with user input and output subsystem
208. User applications 212 may include messaging functions
that allow a user to create, send, receive, view, and save
various types of messages. Other user applications 212 may
include a personal information manager application includ-
ing functionality for organizing and managing data items of
interest to the user, such as, but not limited to, e-mail, con-
tacts, calendar events, voice mails, appointments, and task
items. A personal information manager application may have
the ability to send and receive data items via wireless network
102. Personal information data items may be seamlessly inte-
grated, synchronized, and updated via wireless network 102
with the user equipment subscriber’s corresponding data
items stored or associated with a host computer system. This
functionality creates a mirrored host computer on user equip-
ment 200 with respect to such items. This can be particularly
advantageous when the host computer system is the user
equipment subscriber’s office computer system.

[0045] Other types of programs or software applications
also may be installed in storage media 206 on user equipment
200. Such software applications may include third party
applications, which are added after the manufacture of user
equipment 200. Examples of third party applications include
user applications 212 such as games, calculators, utilities, etc.
Additional system applications 210 or user applications 212
may be loaded onto user equipment 200 via wireless network
102, an auxiliary I/O subsystem, a data port, a short-range
wireless communications subsystem, or any other suitable
device subsystem provided on user equipment 200.

[0046] Communication functions, including data and voice
communications, are performed by communications sub-
system 204. Communications subsystem 204 receives mes-
sages from and sends messages to wireless network 102. For
example, communications subsystem 204 may be configured
to send and receive messages in the form of data packets in
accordance with the Long Term Evolution, LTE, technology
standard using Evolved Universal Mobile Telecommunica-
tions System Terrestrial Radio Access Network, E-UTRAN,
technology. Alternatively, or additionally, communication
subsystem 204 may be configured to use Universal Mobile
Telecommunications System Terrestrial Radio Access Net-
work, UTRAN, technology, or in accordance with the Global
System for Mobile Communication, GSM, and General
Packet Radio Services, GPRS, standards. Other wireless net-
works also may be associated with user equipment 200 in
variant implementations. The different types of wireless net-
works that may be employed include, for example, data-
centric wireless networks, voice-centric wireless networks,
and dual-mode networks that can support both voice and data
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communications over the same physical base stations, such as
those described by example above. New standards are still
being defined, but it is believed that wireless networks imple-
mented in accordance with new standards will have similari-
ties to the networks described herein. It will also be under-
stood by persons skilled in the art that the embodiments
described herein are intended to use any other suitable stan-
dards that are developed in the future.

[0047] Wireless links 214 and 216 connecting communica-
tions subsystem 204 with wireless network 102 represent one
or more different radio frequency, RF, channels, operating
according to defined protocols specified for the particular
communication technologies being employed. With certain
network protocols, channels 214 and 216 are capable of sup-
porting both circuit switched voice communications and
packet switched data communications.

[0048] Communications subsystem 204 includes receiver
218 and transmitter 220, as well as associated components,
such as one or more embedded or internal antenna elements
222 and 224, local oscillators, L.Os, 226, and a processing
module, such as a digital signal processor, DSP, 228. The
particular design of communications subsystem 204 is depen-
dent upon the network with which user equipment 200 is
intended to operate. Thus, communications subsystem 204
illustrated in FIG. 2 provides only an example of a commu-
nications subsystem for user equipment in accordance with
an illustrative embodiment.

[0049] Downlink signals received by antenna 222 from
wireless network 102 on wireless downlink channel 214 are
input to receiver 218. Receiver 218 may be adapted to per-
form such common receiver functions as signal amplification,
frequency down conversion, filtering, channel selection, and
analog-to-digital conversion. Analog-to-digital conversion of
a received signal allows more complex communication func-
tions, such as demodulation and decoding, to be performed in
digital signal processor 228. In a similar manner, uplink sig-
nals to be transmitted are processed, including modulation
and encoding, by digital signal processor 228. The processed
uplink signals from digital signal processor 228 are input to
transmitter 220. Transmitter 220 may be adapted to perform
such common transmitter functions as digital-to-analog con-
version, frequency up conversion, filtering, amplification and
transmission to wireless network 102 over wireless uplink
channel 216 via antenna 224. Digital signal processor 228 not
only processes communication signals, but also provides for
receiver and transmitter control. For example, gains applied
to communication signals in receiver 218 and transmitter 220
may be adaptively controlled through automatic gain control
algorithms implemented in digital signal processor 228.
[0050] The wireless link between user equipment 200 and
wireless network 102 may contain one or more different
channels, typically different radio frequency channels, and
associated protocols used between user equipment 200 and
wireless network 102. A radio frequency channel is a limited
resource that must be conserved, typically due to limits in
overall bandwidth and limited battery power of user equip-
ment 200. When user equipment 200 is fully operational,
transmitter 220 typically is keyed or turned on only when it is
transmitting to wireless network 102 and is otherwise turned
off to conserve resources. Similarly, receiver 218 is periodi-
cally turned off during designated time periods to conserve
power until it is needed to receive signals or information.
[0051] Inuse, areceived signal, such as a text message, an
e-mail message, or web page download, is processed by com-
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munications subsystem 204 and provided to processor 202.
Processor 202 will then process the received signal for output
to auser output device 208, such as a display. A user may also
compose data items, such as e-mail messages, for example,
using user input and output devices 208, such as a keyboard in
conjunction with a display. A composed item may be trans-
mitted to wireless network 102 through communications sub-
system 204.

[0052] For voice communications, the overall operation of
user equipment 200 is substantially similar, except that the
received signals are output to a speaker and signals for trans-
mission are generated by a microphone. Alternative voice or
audio input and output subsystems, such as a voice message
recording subsystem, can also be implemented on user equip-
ment 200. Although voice or audio signal output is accom-
plished primarily through a speaker, a display can also be
used to provide additional information, such as the identity of
a calling party, duration of a voice call, or other voice call
related information.

[0053] One or more different illustrative embodiments may
be applied to types of communications and standards other
than those described above with respect to FIGS. 1 and 2. For
example, without limitation, the different illustrative embodi-
ments may be implemented using LTE Advanced. Addition-
ally, the wireless networks illustrated may take the form of or
include 4G networks.

[0054] FIG. 3 is block diagram of a data processing system
300 depicted in accordance with an illustrative embodiment.
In this example, data processing system 300 is an example of
one implementation of processing system 116 in node 108 in
FIG. 2. Data processing system 300, or portions thereof, also
may be used to implement one or more functions of user
equipment 200 as illustrated in FIG. 2. In this illustrative
example, data processing system 300 includes communica-
tions fabric 302, which provides communications between
processorunit 304, memory 306, persistent storage 308, com-
munications unit 310, input/output unit 312, and display 314.
[0055] Processor unit 304 serves to execute instructions for
software that may be loaded into memory 306. Processor unit
304 may be a set of one or more processors or may be a
multi-processor core, depending on the particular implemen-
tation. Further, processor unit 304 may be implemented using
one or more heterogeneous processor systems, in which a
main processor is present with secondary processors on a
single chip. As another illustrative example, processor unit
304 may be a symmetric multi-processor system containing
multiple processors of the same type.

[0056] Memory 306 and persistent storage 308 are
examples of storage devices 316. A storage device is any
piece of hardware that is capable of storing information, such
as, for example, without limitation, data, program code in
functional form, and/or other suitable information either on a
temporary basis and/or a permanent basis. Memory 306, in
these examples, may be, for example, a random access
memory, or any other suitable volatile or non-volatile storage
device. Persistent storage 308 may take various forms,
depending on the particular implementation. For example,
persistent storage 308 may contain one or more components
or devices. For example, persistent storage 308 may be a hard
drive, a flash memory, a rewritable optical disk, a rewritable
magnetic tape, or some combination of the above. The media
used by persistent storage 308 may be removable. For
example, a removable hard drive may be used for persistent
storage 308.
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[0057] Communications unit 310, in these examples, pro-
vides for communication with other data processing systems
or devices. In these examples, communications unit 310 is a
network interface card. Communications unit 310 may pro-
vide communications through the use of either or both physi-
cal and wireless communications links.

[0058] Input/outputunit 312 allows for the input and output
of data with other devices that may be connected to data
processing system 300. For example, input/output unit 312
may provide a connection for user input through a keyboard,
a mouse, and/or some other suitable input device. Further,
input/output unit 312 may send output to a printer. Display
314 provides a mechanism to display information to a user.
[0059] Instructions for the operating system, applications,
and/or programs may be located in storage devices 316,
which are in communication with processor unit 304 through
communications fabric 302. In these illustrative examples,
the instructions are in a functional form on persistent storage
308. These instructions may be loaded into memory 306 in
order to be run by processor unit 304. The processes of the
different embodiments may be performed by processor unit
304 using computer implemented instructions, which may be
located in a memory, such as memory 306.

[0060] These instructions are referred to as program code,
computer usable program code, or computer readable pro-
gram code that may be read and run by a processor in proces-
sorunit 304. The program code, in the different embodiments,
may be embodied on different physical or computer readable
storage media, such as memory 306 or persistent storage 308.
[0061] Program code 318 is located in a functional form on
computer readable media 320 that is selectively removable
and may be loaded onto or transferred to data processing
system 300 to be run by processor unit 304. Program code 318
and computer readable media 320 form computer program
product 322. In one example, computer readable media 320
may be computer readable storage media 324 or computer
readable signal media 326. Computer readable storage media
324 may include, for example, an optical or magnetic disc that
is inserted or placed into a drive or other device that is part of
persistent storage 308 for transfer onto a storage device, such
as ahard drive, that is part of persistent storage 308. Computer
readable storage media 324 also may take the form of a
persistent storage, such as a hard drive, a thumb drive, or a
flash memory that is connected to data processing system
300. In some instances, computer readable storage media 324
may not be removable from data processing system 300.
[0062] Alternatively, program code 318 may be transferred
to data processing system 300 using computer readable signal
media 326. Computer readable signal media 326 may be, for
example, a propagated data signal containing program code
318. For example, computer readable signal media 326 may
be an electro-magnetic signal, an optical signal, and/or any
other suitable type of signal. These signals may be transmit-
ted over communications links, such as wireless communi-
cations links, an optical fiber cable, a coaxial cable, a wire,
and/or any other suitable type of communications link. In
other words, the communications link and/or the connection
may be physical or wireless in the illustrative examples.
[0063] In some illustrative embodiments, program code
318 may be downloaded over a network to persistent storage
308 from another device or data processing system through
computer readable signal media 326 for use within data pro-
cessing system 300. For instance, program code stored in a
computer readable storage media in a server data processing
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system may be downloaded over a network from the server to
data processing system 300. The data processing system pro-
viding program code 318 may be a server computer, a client
computer, or some other device capable of storing and trans-
mitting program code 318.

[0064] The different components illustrated for data pro-
cessing system 300 are not meant to provide architectural
limitations to the manner in which different embodiments
may be implemented. The different illustrative embodiments
may be implemented in a data processing system including
components in addition to or in place of those illustrated for
data processing system 300. Other components shown in
FIG. 3 can be varied from the illustrative examples shown.
The different embodiments may be implemented using any
hardware device or system capable of executing program
code. As one example, data processing system 300 may
include organic components integrated with inorganic com-
ponents and/or may be comprised entirely of organic compo-
nents excluding a human being. For example, a storage device
may be comprised of an organic semiconductor.

[0065] As another example, a storage device in data pro-
cessing system 300 is any hardware apparatus that may store
data. Memory 306, persistent storage 308, and computer
readable media 320 are examples of storage devices in a
tangible form.

[0066] In another example, a bus system may be used to
implement communications fabric 302 and may be com-
prised of one or more buses, such as a system bus or an
input/output bus. Of course, the bus system may be imple-
mented using any suitable type of architecture that provides
for atransfer of data between different components or devices
attached to the bus system. Additionally, a communications
unit may include one or more devices used to transmit and
receive data, such as a modem or a network adapter. Further,
a memory may be, for example, memory 306 or a cache such
as found in an interface and memory controller hub that may
be present in communications fabric 302.

[0067] The illustration of components in FIGS. 1-3 is not
meant to imply physical or architectural limitations to the
manner in which different illustrative embodiments may be
implemented. Other components in addition to or in place of
the ones illustrated may be used. Some components may be
unnecessary in some illustrative embodiments. Also, the
blocks are presented to illustrate some functional compo-
nents. One or more of these blocks may be combined or
divided into different blocks when implemented in different
illustrative embodiments.

[0068] FIG. 4 is a block diagram illustrating a communica-
tions environment depicted in accordance with an illustrative
embodiment. Communications environment 400 provides
supplemental node transmission assistance in accordance
with an illustrative embodiment. Communications environ-
ment 400 includes network 402 and associated user equip-
ment 404. Wireless network 102 in FIG. 1 is an example of
one implementation of network 402 in FIG. 4. User equip-
ment 104 in FIG. 1 and user equipment 200 in FIG. 2 are
examples of user equipment 404 in FIG. 4. As discussed
above, user equipment 404 may include a variety of devices,
such as mobile wireless communications devices including
pagers, cellular phones, cellular smart-phones, wireless orga-
nizers, personal digital assistants, computers, laptops, hand-
held wireless communication devices, wireless enabled note-
book computers and the like.
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[0069] In operation, user equipment 404 is in communica-
tion with network 402 via wireless communication channels
in the manner described above. Communications between
network 402 and user equipment 404 in the direction from
network 402 to user equipment 404 are downlink communi-
cations and include downlink transmissions over downlink
channel 406. Communications between network 402 and user
equipment 404 in the direction from user equipment 404 to
network 402 are uplink communications and include uplink
transmissions over uplink channel 408. Thus, network 402
and user equipment 404 exchange data packets via wireless
downlink channel 406 and wireless uplink channel 408.

[0070] Network 402 includes a plurality of network nodes
410. Wireless network nodes 108 and 118 of FIG. 1 are
examples of nodes 410 of FIG. 4. User equipment 404 com-
municates with network 402 via network nodes 410.

[0071] In accordance with an illustrative embodiment, one
of network nodes 410 operates as serving node 412 for user
equipment 404. The functionality of serving node 412, to be
described in more detail herein, may be implemented in a
standard network node, such as E-UTRAN Node B node 414,
or in network relay node 416, such as a Type 1 relay node, or
in other low transmission power nodes. Serving node 412
may be selected as the one of network nodes 410 having the
strongest detected signal strength or lowest coupling loss in
one transmission direction with user equipment 404. For
example, user equipment 404 may select serving node 412 as
the one of network nodes 410 providing the strongest received
downlink signal at user equipment 404.

[0072] In accordance with an illustrative embodiment,
serving node 414 is used for transmissions in a first direction,
i.e., on downlink 406 oruplink 408, between network 402 and
user equipment 404. At the same time, another one of network
nodes 410 operates as supplemental node 418 for user equip-
ment 404. The functionality of supplemental node 418, to be
described in more detail herein, may be implemented in a
standard network node, such as E-UTRAN Node B node 420,
or in network relay node 422, such as a Type 1 relay node, or
in other low power transmission nodes. Supplemental node
418 is used for transmissions in a second direction, i.e., on
uplink 408 or downlink 406, between network 402 and user
equipment 404. Thus, in accordance with an illustrative
embodiment, supplemental node 418 provides transmission
assistance to serving node 412.

[0073] In accordance with an illustrative embodiment,
supplemental node 418 may provide transmission assistance
on uplink 408 or downlink 406. Uplink supplemental node
424 provides transmission assistance on uplink 408. When
uplink supplemental node 424 is in use, uplink supplemental
node 424 is used for transmissions from user equipment 404
to network 402 on uplink 408 and serving node 412 is used for
transmissions from network 402 to user equipment 404 on
downlink 406. In this case, serving node 412 may or may not
also operate as a receiver of transmissions from user equip-
ment 404 on uplink 408. Downlink supplemental node 426
provides transmission assistance on downlink 406. When
downlink supplemental node 426 is in use, downlink supple-
mental node 426 is used for transmissions from network 402
to user equipment 404 on downlink 406 and serving node 412
is used for transmissions from user equipment 404 to network
402 on uplink 408. In this case, serving node 412 may or may
not also operate as a transmitter to user equipment 404 on
downlink 406.
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[0074] In accordance with an illustrative embodiment,
serving node 412 includes select supplemental node function
428, whereby serving node 412 selects supplemental node
418 for transmission assistance in order to provide the best
available downlink transmissions on downlink channel 406
and uplink transmissions on uplink channel 408 between
network 402 and user equipment 404. As will be described in
more detail below, when serving node 412 is used for trans-
missions between network 402 and user equipment 404 in a
first direction, select supplemental node function 428 is used
to select another one or more other of nodes 410 having better
channel conditions for transmissions between network 402
and user equipment 404 than serving node 412 in a second
direction to operate as supplemental node 418. For example,
where serving node 412 is used for downlink transmissions
on downlink 406, select supplemental node function 428 may
select one or more other of nodes 410 having a stronger
channel signal with user equipment 404 on uplink 408 than
serving node 412 to operate as uplink supplemental node 424.
Where more than one of nodes 410 satisfies the conditions of
select supplemental node function 428 for being selected to
operate as supplemental node 418, more than one of nodes
410 may be selected to operate as supplemental node 418. The
one or more of nodes 410 selected by select supplemental
node function 428 to operate as supplemental nodes form
supplemental node set 430.

[0075] In accordance with an illustrative embodiment,
although supplemental node 418 provides transmission assis-
tance for serving node 412, serving node 412 is still the main
interface between network 402 and user equipment 404 and is
responsible for controlling communications between net-
work 402 and user equipment 404. Thus, as will be described
in more detail below, serving node 412 generates various
scheduling parameters 432 that are used for controlling com-
munications between network 402 and user equipment 404
and provides scheduling parameters 432 to the one or more
supplemental nodes in supplemental node set 430. When
supplemental node 418 is operating as uplink supplemental
node 424, received data 434 received from user equipment
404 in uplink transmissions on uplink channel 408 is provided
to serving node 410 for distribution on network 402. Com-
munication of scheduling parameters 432 and received data
434, as well as other communications between serving node
412 and supplemental node 418, may be provided over the
network backhaul 436.

[0076] Link adaptation refers to the matching of the modu-
lation and coding scheme used in a wireless connection to the
conditions on the radio link. The process of link adaptation is
a dynamic one, and modulation and coding scheme param-
eters may change as the radio link conditions change. In
accordance with an illustrative embodiment, serving node
412 may include link adaptation function 438 for providing
link adaptation on the channel, uplink channel 408 or down-
link channel 406, for which supplemental node 418 is pro-
viding transmission assistance. Link adaptation function 438
may employ channel quality data 440 for the relevant channel
that is provided by supplemental node 418 to serving node
412 over backhaul 436 in order to adapt the modulation and
coding scheme, power, or other parameters of transmission
on the channel to match changing channel conditions. Alter-
natively, link adaptation function 438 may determine the
quality of the channel on which supplemental node 418 is
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providing transmission assistance indirectly, using retrans-
mission statistics, in a manner as will be described in more
detail below.

[0077] The illustration of FIG. 4 is not meant to imply
physical or architectural limitations to the manner in which
different embodiments may be implemented. Other compo-
nents in addition to or in place of the ones illustrated may be
used. Some components may be unnecessary in some
embodiments. Also, the blocks are presented to illustrate
some functional components. One or more of these blocks
may be combined or divided into different blocks when
implemented in different advantageous embodiments.
[0078] FIG. 5 is a flowchart illustrating method 500 for
providing supplemental node transmission assistance in
accordance with an illustrative embodiment. For example,
method 500 may be implemented in communications envi-
ronment 400 of FIG. 4 to provide transmission assistance in
wireless communications between a wireless network and
wireless user equipment.

[0079] A serving node for providing the main interface
between the wireless network and wireless user equipment is
selected (step 502). The selected serving node is used for
transmissions in a first direction, i.e., downlink transmissions
or uplink transmissions, between the wireless network and
the wireless user equipment (step 504). In another embodi-
ment, the serving node is used for transmissions in both
directions. For example, step 502 may include the user equip-
ment selecting a network node with the strongest received
signal power on the downlink to be the serving node for the
user equipment. The user equipment may select the network
node from which the user equipment receives the strongest
reference signal receive power, RSRP, to be the serving node.
In this case, the serving node is the node whereby the user
equipment receives its downlink control signal and step 504
includes using the serving node for downlink transmissions
from the serving node to the user equipment. As discussed
above, for example, in a Long Term Evolution-Advanced
network implementation, the serving node selected in step
502 may be an E-UTRAN Node B node or a relay node.
Alternatively, the serving node selected in step 502 may be
any network node that provides functions similar to an E-UT-
RAN Node B node or relay node in any other wireless com-
munications network.

[0080] One or more supplemental nodes for providing
transmission assistance to the serving node are selected (step
506). The selected supplemental nodes are used for transmis-
sions between the network and the user equipment in a second
direction, i.e., for uplink transmissions or downlink transmis-
sions (step 508). Step 506 may include selecting one or more
network nodes providing a better wireless channel connec-
tion between the network and the user equipment in the sec-
ond direction than the serving node to operate as a supple-
mental node. For example, where the serving node is used for
downlink transmissions from the network to the user equip-
ment, step 506 may include selecting one or more nodes
providing a stronger uplink connection between the user
equipment and the network than the serving node to operate
as a supplemental node. In this case, the selected supplemen-
tal node is an uplink supplemental node and step 508 includes
using the uplink supplemental node for uplink transmissions
from the user equipment to the network. As discussed above,
a supplemental node selected in step 506 may be imple-
mented, for example, in an E-UTRAN Node B node or arelay
node in a Long Term Evolution-Advanced network imple-
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mentation. Alternatively, a supplemental node selected in step
506 may be implemented in any network node that provides
functions similar to an E-UTRAN Node B node or relay node
in any other wireless communications network.

[0081] A detailed example of selecting and using a supple-
mental node for transmission assistance in accordance with
an illustrative embodiment is now presented. In this example,
the selection and use of an uplink supplemental node for
providing uplink transmission assistance in accordance with
an illustrative embodiment is described in detail. It is under-
stood, however, that illustrative embodiments include also
downlink transmission assistance provided by a downlink
supplemental node. The selection and use of downlink
supplemental nodes also will be described in more detail
below.

[0082] As mentioned above, wireless user equipment may
select a serving node based on downlink signal strength, such
as reference signal receive power. However, the serving node
may receive a weak uplink signal from the user equipment. In
accordance with an illustrative embodiment, when the serv-
ing node receives a weak uplink signal, the serving node may
select an uplink supplemental node to help with the uplink
transmission from the user equipment in order to reduce
uplink transmission power. Reducing uplink transmission
power reduces overall uplink interference.

[0083] In accordance with an illustrative embodiment, an
uplink supplemental node assists with uplink transmissions,
or retransmissions, from wireless user equipment to a wire-
less network. In this example, the user equipment receives
downlink control signals from a serving node. The serving
node communicates with the uplink supplemental node over
the wireless network backhaul. Communications between the
serving node and the uplink supplemental node over the back-
haul may include, for example, data received by the uplink
supplemental node in an uplink transmission from the user
equipment as well as coordination control information. In
accordance with an illustrative embodiment, the serving node
may or may not be involved in the uplink transmission from
the user equipment.

[0084] FIG. 6 is a diagram illustrating message flows in a
method for selecting an uplink supplemental node in accor-
dance with an illustrative embodiment. The message flows
illustrated in FIG. 6 are examples of message flows occurring
in one implementation of step 506 of the method illustrated in
the flowchart diagram of FIG. 5. FIG. 6 illustrates message
flows between user equipment 600, serving node 602, and
uplink supplemental node 604. The message flows illustrated
in FIG. 6 begin after user equipment 600 has selected serving
node 602 and communication between user equipment 600
and serving node 602 has been established.

[0085] Before the selection of uplink supplemental node
604 in accordance with an illustrative embodiment, user
equipment 600 in communication with serving node 602
measures the downlink signal power 606 in downlink signal
608 received from network nodes that may be considered for
operations as uplink supplemental node 604. Downlink signal
power measurement 606 may be performed by user equip-
ment 600 under guidance of serving node 602. Downlink
signal power measurements 606 may be performed until a
certain measurement event is satisfied, such as the measured
signal power from a node crossing a specified threshold.
Alternatively, downlink signal power measurements 606 may
be performed for a selected time period.
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[0086] When the measurement event is satisfied, or the
selected time period expires, user equipment 600 reports the
measurement results 610 obtained to serving node 602. For
example, measurement results 610 may include the reference
signal receive power, which represents the transmission
power minus the coupling loss, for a number of nodes.
[0087] From the measurement results 610 received from
user equipment 600, serving node 602 determines the cou-
pling loss, 612 from user equipment 600 to the nodes. To
determine the coupling loss 612, serving node 602 should be
aware of the transmission power of the nodes. For example,
the transmission power for an E-UTRAN Node B node may
be 43 dBm while the transmission power for a Type I relay
node may be 30 dBM or 36 dBm. Transmission power values
may be exchanged between network nodes, including serving
node 602, via the higher layer signaling, such as the X2
interface based signaling or other types of high layer signal-
ing. The exchange of transmission power values may be done
initially one time, and repeated only when the transmission
power of a particular node is changed or a new network node
is added, such as when a new relay node or other node is added
to the network. In another embodiment, the exchange of
transmission power values may be done periodically. Alter-
natively, serving node 602 may query the transmission power
of another node that is under consideration for operation as
uplink supplemental node 604 when it needs to determine the
coupling loss for that particular node.

[0088] From the determined coupling loss, serving node
602 determines candidate uplink supplemental nodes. For
example, if the coupling loss of a particular node is better than
the coupling loss of serving node 602, then that particular
node may be selected as one of the candidates for uplink
supplemental node 604. Thus, there may be zero, one, or
multiple candidate uplink supplemental nodes selected for
user equipment 600.

[0089] In accordance with an illustrative embodiment, the
combined link quality of the quality of the link from serving
node 602 to a candidate node in combination with the quality
of'the link from the candidate node to user equipment 600 also
may be considered when selecting candidate uplink supple-
mental nodes. The combined link quality may be used in
addition to the quality of the link between the candidate node
and user equipment 600, as represented by the coupling loss,
to select candidate uplink supplemental nodes. Combined
link quality also may be used when selecting downlink
supplemental nodes, as described in more detail below.
[0090] After the uplink supplemental node candidate set is
determined, serving node 602 sends request 614 to each can-
didate uplink supplemental node to determine whether or not
it is appropriate for the node to operate as uplink supplemen-
tal node 604 for user equipment 600. Request 614 may be
implemented as a query sent from serving node 602 to uplink
supplemental node 604. Request 614 may be sent to candidate
uplink supplemental nodes via the higher layer signaling,
such as the radio resource control, RRC, signaling or X2
based signaling. The query may be followed by response 616
from candidate nodes that can operate as uplink supplemental
node 604 for user equipment 600. This query-response pro-
cedure between serving node 602 and each candidate supple-
mental node may take place over the network backhaul or
wireless backhaul.

[0091] At the end of the query-response procedure, an
uplink supplemental node set 618 is determined. The uplink
supplemental node set 618 is composed of uplink supplemen-
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tal nodes for user equipment 600, and includes each candidate
node that was determined to be appropriate for operation as an
uplink supplemental node for user equipment 600. To limit
the resources reserved by the uplink supplemental nodes, the
number of uplink supplemental nodes in the uplink supple-
mental node set may be limited. For example, in a typical
wireless network including Type I relay nodes, the uplink
supplemental nodes will normally be relay nodes and the
number of uplink supplemental nodes may be limited to one
or two. Other limitations on the number of supplemental
nodes may be used in other illustrative embodiments.

[0092] Thus, in accordance with an illustrative embodi-
ment, the uplink supplemental node set 618 may contain zero,
one, or multiple uplink supplemental nodes. For example, in
a typical wireless network including Type-I relay nodes, the
uplink supplemental node set 618 typically may include one
uplink supplemental node and the one uplink supplemental
node in the uplink supplemental node set 618 generally may
be the relay node that is closest to user equipment 600.
[0093] In accordance with an illustrative embodiment,
uplink supplemental node set 618 may or may not be trans-
mitted to user equipment 600. Ifuplink supplemental node set
618 is sent to user equipment 600, dedicated radio resource
control, RRC, signaling may be used to inform user equip-
ment 600.

[0094] FIG. 7 is a diagram illustrating message flows in a
method for using an uplink supplemental node in accordance
with an illustrative embodiment. The message flows illus-
trated in FIG. 7 are examples of message flows occurring in
one implementation of step 508 of the method illustrated in
the flowchart diagram of FIG. 5. FIG. 7 illustrates message
flows between user equipment 700, serving node 702, and
uplink supplemental node 704. The message flows illustrated
in FIG. 7 begin after supplemental node 704 has been selected
for user equipment 700, such as in the manner described
above.

[0095] Use of an uplink supplemental node in accordance
with an illustrative embodiment begins when user equipment
700 requests to transmit on the uplink. For example, user
equipment 700 may send request to transmit 706 to serving
node 702 via a scheduling request channel. In response to
receiving request to transmit 706 from user equipment 700,
serving node 702 establishes uplink scheduling parameters
708. For example, in response to receiving request to transmit
706 from user equipment 700, serving node 702 may sched-
ule uplink resource blocks, transmission time intervals, the
modulation and coding scheme, and transmission modes for
user equipment 700. Serving node sends uplink scheduling
parameters 708 to each uplink supplemental node in the
uplink supplemental node set. In response, each uplink
supplemental node in the uplink supplemental node set pre-
pares to receive the uplink transmission from user equipment
700 at the scheduled time. In accordance with an illustrative
embodiment, serving node 702 may, but need not, receive
acknowledgement 710 from each uplink supplemental node
for the scheduling information provided by serving node 702.
In the case where acknowledgment is enabled, each uplink
supplemental node receiving scheduling parameters from
serving node 702 will reply. This may be accomplished over
the radio resource control, RRC, signaling or X2-based sig-
naling.

[0096] To reduce interference or resource contention, serv-
ing node 702 and uplink supplemental node 704 preferably
should avoid scheduling transmissions from other user equip-
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ment in the same cell during the scheduled transmission time
interval for the indicated resource block. For example, in
accordance with an illustrative embodiment, certain resource
blocks may be reserved for uplink supplemental node opera-
tion. Such reserved resource blocks may define an uplink
supplemental node “resource zone”. Serving node 702 will
then use the resource blocks from this resource zone when
serving node 702 schedules user equipment transmissions
that involve uplink supplemental node assistance. While
uplink supplemental node 704 receives the scheduling param-
eters, it simply receives the uplink transmission, and there is
no conflict. Alternatively, when uplink supplemental node
704 receives the scheduling parameters from serving node
702 it does not automatically schedule the indicated resource
blocks in the indicated transmission time interval. If the indi-
cated resource blocks are used by uplink supplemental node
704 for high priority transmissions, such as voice service,
then uplink supplemental node 704 may notify serving node
702 that it will not be involved in uplink reception for the
indicated transmission time interval.

[0097] The described method for preparing uplink supple-
mental node 704 to receive an uplink transmission from user
equipment 700 may apply to single transmission time interval
transmissions, as well as to semi-persistent scheduling and
transmission time interval bundling. In the case of semi-
persistent scheduling, the allocated uplink resources may
periodically occur. When receiving scheduling parameters
708 from serving node 702 related to the semi-persistent
scheduling resource activation, uplink supplemental node
704 may reserve all uplink semi-persistent scheduling
resources periodically, in a manner similar to that described
above. In the case of transmission time interval bundling,
serving node 702 may let uplink supplemental node 704 know
whether user equipment 700 is configured for subframe bun-
dling operation. If user equipment 700 is in the subframe
bundling mode, when receiving scheduling parameters 708
from serving node 702, uplink supplemental node 704 may
reserve uplink resources for a selected number of consecutive
subframes, such as for consecutive four subframes.

[0098] In accordance with an illustrative embodiment,
when multi-user multiple-input and multiple-output is used in
the uplink, uplink supplemental node 704 may still schedule
the uplink transmissions during the transmission time interval
provided by serving node 702 using the same resources.
Uplink supplemental node 704 may also use coordinated
beam forming to improve spectrum efficiency, by re-using the
reserved resource blocks in the transmission time interval.
[0099] After preparing uplink supplemental node 704 to
receive an uplink transmission from user equipment 700,
serving node 702 sends uplink scheduling grant 712 to user
equipment 700. Uplink scheduling grant 712 may be sent to
user equipment 700 after serving node 702 receives an
acknowledgement from each or at least one uplink supple-
mental node for the uplink scheduling parameter information
received from serving node 702. In the case where acknowl-
edgement is not enabled, serving node 702 may send uplink
scheduling grant 712 to user equipment 700 a certain period
of time after uplink scheduling parameter information is pro-
vided from serving node 702 to the uplink supplemental
nodes.

[0100] After receiving uplink scheduling grant 712 from
serving node 702, user equipment 700 performs uplink trans-
mission 714. All participating uplink supplemental nodes
receive and attempt to decode uplink transmission 714. Serv-
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ing node 702 may or may not receive and decode uplink
transmission 714 correctly. Uplink supplemental nodes that
receive uplink transmission 714 successfully transmit
received data 716 to serving node 702 via the backhaul.
Assuming that uplink supplemental node 704 receives uplink
transmission 714 from user equipment 700 successfully, it
may take some time to deliver received data 716 to serving
node 702. Therefore, serving node 702 preferably should
allow a certain period of time in order to receive received data
716 from uplink supplemental node 704. In the case where
multiple uplink supplemental nodes are participating in the
transmission, if one uplink supplemental node has received
uplink transmission 714 successfully, and delivered received
data 716 to serving node 702, serving node 702 may signal
uplink supplemental nodes that have not yet decoded the
packet successfully to clear the data in their receiver buffer,
such as in the hybrid automatic repeat request receiver buffer
of uplink supplemental node 704.

[0101] In accordance with conventional practice, serving
node 702 is supposed to send an acknowledgement or nega-
tive-acknowledgement of uplink transmission 714 to user
equipment 700 a certain period of time, such as, for example,
4 ms, after user equipment 700 performs uplink transmission
714. In the case where uplink supplemental node 704 in
accordance with an illustrative embodiment is in use, and
serving node 702 may or may not receive uplink transmission
714 correctly or serving node 702 did not receive uplink
transmission directly, it may be difficult for serving node 702
to decide within the allotted time period whether an acknowl-
edgement or a negative-acknowledgement should be sent,
due to the backhaul delay between serving node 702 and
uplink supplemental node 704 receiving uplink transmission
714 from user equipment 700. In accordance with an illustra-
tive embodiment, whenever an uplink supplemental node is in
use, serving node 702 preferably always sends acknowledge-
ment 718 of uplink transmission 714 to user equipment 700.
For example, serving node 702 may send acknowledgement
718 to user equipment 700 via the physical hybrid automatic
repeat request indicator channel, PHICH. In response, user
equipment 700 will retain the uplink data, such as in the user
equipment’s hybrid automatic repeat request buffer. If serv-
ing node 702 eventually receives the uplink transmission data
correctly, serving node 702 may schedule a new uplink trans-
mission of new data from user equipment 700 by indicating a
new transmission, for example, by toggling a new data indi-
cator bit.

[0102] If serving node 702 does not receive received data
716 correctly from uplink supplemental node 704, serving
node 702 may trigger a retransmission from user equipment
700. For example, serving node 702 may trigger an adaptive
uplink hybrid automatic repeat request retransmission with a
physical downlink control channel grant. When an adaptive
uplink retransmission is to be triggered, serving node 702
preferably sends scheduling parameters 708 for the retrans-
mission to the uplink supplemental nodes and requests the
uplink reception from the uplink supplemental nodes, in the
manner described above. Thus, if an uplink hybrid automatic
repeat request retransmission is needed, the message flows
illustrated in F1G. 7 are repeated until the uplink transmission
data is correctly received or the maximum number of hybrid
automatic repeat request transmissions is exceeded.

[0103] Inaccordance with an illustrative embodiment, any
or all of the uplink supplemental nodes in an uplink supple-
mental node set may not participate in all uplink transmis-
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sions from user equipment 700. Whether or not uplink
supplemental node 704 will participate in uplink transmission
714 may depend on such factors as the instantaneous loading
at the time of uplink transmission 714 and traffic priority
information.

[0104] In accordance with an illustrative embodiment,
where at least one uplink supplemental node is in use, serving
node 702 may or may not be involved in receiving uplink
transmission 714 from user equipment 700. If the uplink/
downlink imbalance between user equipment 700 and serv-
ing node 702 is not severe, both serving node 702 and uplink
supplemental node 704 may be involved in receiving uplink
transmission 714 from user equipment 700. However, serving
node 702 may not be involved in receiving uplink transmis-
sion 714 in cases where the uplink/downlink imbalance
between user equipment 700 and serving node 702 is particu-
larly severe, such as exceeding 5 dB. In those cases where
serving node 702 is not involved in receiving uplink trans-
mission 714, serving node 702 may schedule the uplink trans-
mission for user equipment 700 and transmit uplink schedul-
ing parameters 708 to each uplink supplemental node.
However, only the uplink supplemental nodes are involved in
reception of uplink transmission 714. In this case, serving
node 702 may schedule other users using the same resources
in its own cell. Since the coupling loss with serving node 702
is quite large for user equipment 700 in this case, the uplink
interference to other user equipment under serving node 702
will be quite small. In this case, serving node 702 will wait for
an uplink transmission reception status indication from the
uplink supplemental nodes. If uplink transmission 714 is
received correctly by at least one of the uplink supplemental
nodes, uplink transmission 714 is complete. Otherwise
hybrid automatic repeat request retransmissions may be sent
to other uplink supplemental nodes, with control signaling
provided via serving node 702. FIG. 8 is an example of a
method preformed in a survey node during one implementa-
tion of step 506 of the method illustrated in the flowchart
diagram of FIG. 5.

[0105] FIG. 8 is a flowchart of method 800 of selecting
uplink supplemental nodes in accordance with an illustrative
embodiment as implemented in a serving node. FIG. 8 is an
example of a method performed in a serving node during one
implementation of step 506 of the method illustrated in the
flow chart diagram of FIG. 5. The description of method 800
may be considered along with the description presented
above of the message flows illustrated in FIG. 6.

[0106] Downlink signal power measurements for one or
more nodes are received by the serving node from the user
equipment (step 802). From the downlink signal power mea-
surements received in step 802, the serving node determines
the coupling loss from the user equipment to each of the nodes
(step 804). As discussed above, to determine the coupling loss
in step 804, the serving node should be aware of the trans-
mission power of the nodes. From the determined coupling
loss, the serving node determines candidate uplink supple-
mental nodes (step 806). For example, if the coupling loss of
aparticular node is better than the coupling loss of the serving
node, then that particular node may be selected as one of the
candidate uplink supplemental nodes. After the uplink
supplemental node candidate set is determined at step 806,
the serving node sends a request to each candidate uplink
supplemental node to determine whether or not it is appro-
priate for the candidate node to operate as an uplink supple-
mental node for the user equipment (step 808). At the end of
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the query procedure of step 808, an uplink supplemental node
set is determined (step 810). As discussed above, the uplink
supplemental node set is composed of uplink supplemental
nodes for the user equipment, and includes each candidate
uplink supplemental node that was determined to be appro-
priate for operation as an uplink supplemental node for the
user equipment.

[0107] FIG. 9 is a flowchart of method 900 of using uplink
supplemental nodes for transmission assistance in a wireless
communications network in accordance with an illustrative
embodiment, as implemented in a serving node. FIG. 9 is an
example of a method performed in a serving node during one
implementation of step 508 of the method illustrated in the
flowchart diagram of FIG. 5. The description of method 900
may be considered along with the description presented
above of the message flows illustrated in FIG. 7.

[0108] Use of an uplink supplemental node in accordance
with an illustrative embodiment begins when the serving
node receives a request from the user equipment to transmit
on the uplink (step 902). As discussed above, the user equip-
ment may send a request to transmit to the serving node via a
scheduling request channel. In response to receiving a request
to transmit from the user equipment, the serving node estab-
lishes uplink scheduling parameters (step 904). For example,
step 904 may include scheduling uplink resource blocks,
transmission time intervals, the modulation and coding
scheme, and transmission modes for the user equipment.
Serving node sends the uplink scheduling parameters estab-
lished in step 904 to each uplink supplemental node in the
uplink supplemental node set (step 906). After preparing the
uplink supplemental nodes to receive an uplink transmission
from the user equipment, the serving node sends an uplink
scheduling grant to the user equipment (step 908). As dis-
cussed above, step 908 may be performed after the serving
node receives an acknowledgement from each or at least one
uplink supplemental node for the uplink scheduling param-
eter information sent from the serving node in step 906, or
after a certain period of time after the uplink scheduling
parameter information is provided from the serving node to
the uplink supplemental nodes in step 906.

[0109] The serving node receives uplink transmission data
from uplink supplemental nodes that receive the uplink trans-
mission from the user equipment successfully (step 910). In
accordance with an illustrative embodiment, as described
above, whenever an uplink supplemental node is in use, the
serving node preferably always sends an acknowledgement
of the uplink transmission to the user equipment (step 912).
For example, step 912 may include sending an acknowledge-
ment to the user equipment via the physical hybrid automatic
repeat request indicator channel. If the serving node does not
receive the uplink transmission data correctly from the uplink
supplemental node, the serving node may determine that
retransmission is required (step 914). If it is determined at
step 914 that retransmission is required, it is determined
whether a maximum number of allowed retransmissions is
exceeded (step 916). If the maximum number of allowed
retransmissions has not been exceeded, the serving node may
trigger a retransmission from user equipment by returning to
step 904. Thus, if a retransmission is needed, the steps of
method 900 beginning with step 904 are repeated until the
uplink transmission data is correctly received or the maxi-
mum number of retransmissions is exceeded.

[0110] Link adaptation refers to the matching of the modu-
lation and coding scheme used in a wireless connection to the
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conditions on the radio link. The process of link adaptation is
a dynamic one, and modulation and coding scheme param-
eters may change as the radio link conditions change. In
accordance with an illustrative embodiment, link adaptation
of the uplink channel between the user equipment and an
uplink supplemental node may be controlled by the serving
node.

[0111] FIG. 10 is a flowchart of method 1000 of rate adap-
tation as implemented in a serving node in accordance with an
illustrative embodiment. In method 1000, the serving node
performs rate adaptation of the uplink channel used by user
equipment for uplink transmissions to an uplink supplemen-
tal node based on channel condition information provided by
the uplink supplemental node.

[0112] Efficient link adaptation may be achieved if the
serving node has good knowledge of the condition of the
uplink channel between the user equipment and the uplink
supplemental node. In accordance with an illustrative
embodiment, an uplink supplemental node may measure the
condition of the uplink channel between the uplink supple-
mental node and the user equipment and report the channel
condition to the serving node. The serving node receives the
channel condition information from the uplink supplemental
node (step 1002).

[0113] The uplink channel condition measurement may be
based on the uplink transmission data or sounding reference
signal transmissions from the user equipment. If sounding
reference signal transmissions are used, the serving node may
provide the sounding reference signal configuration informa-
tion to the uplink supplemental node.

[0114] The uplink supplemental node may report uplink
channel conditions to the serving node based on the occur-
rence of channel condition changes or other triggers. For
example, the uplink supplemental node may report uplink
channel conditions to the serving node initially and then again
whenever channel conditions change by more than a selected
amount. Alternatively, the uplink supplemental node may
report channel conditions to the serving node periodically
based on one or more timers. In the case of periodic reporting,
the timer value used for establishing the reporting period may
be selected based, at least in part, on the user equipment
speed. Thus, if the user equipment is moving rapidly, channel
conditions are likely to change more rapidly, and a shorter
time period between uplink channel condition reports to the
serving node would be appropriate.

[0115] The serving node performs link adaptation of the
uplink channel used for uplink transmissions from the user
equipment to the uplink supplemental nodes using the
received channel condition information (step 1004). In cases
where the condition of the uplink channel between the user
equipment and the uplink supplemental node is provided to
the serving node, much more efficient link adaptation may be
achieved. For example, spatial multiplexing, beam forming,
or multi-user multiple-input and multiple-output may be
applied to improve the spectrum efficiency.

[0116] Due to delay over the backhaul, uplink channel con-
ditions reported to the serving node may not be entirely accu-
rate. In particular, uplink channel conditions reported to the
serving node are likely to be most inaccurate under fast
changing channel conditions, such as under fast fading chan-
nel conditions. However, uplink channel conditions reported
to the serving node may still be useful for slow link adapta-
tion, such as in the manner described below, with slow speed
user equipment.
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[0117] FIG. 11 is a flowchart of method 1100 of rate adap-
tation as implemented in a serving node in accordance with an
illustrative embodiment. In method 1100, the serving node
performs rate adaptation of the uplink channel used by user
equipment for uplink transmissions to an uplink supplemen-
tal node based on retransmission statistics collected by the
serving node.

[0118] In accordance with an illustrative embodiment, the
serving node generally may not be aware of changing link
conditions between the uplink supplemental node and the
user equipment. Hence, the modulation and coding scheme
assigned for a user equipment uplink transmission to the
serving node may be very different from the modulation and
coding scheme that would best be used between the user
equipment and the uplink supplemental node. In the case
where the serving node is not involved in uplink reception,
this could lead to lower than necessary data rates.

[0119] In accordance with an illustrative embodiment, the
serving node collects retransmission statistics, such as hybrid
automatic repeat request retransmission statistics, from the
uplink supplemental node (step 1102). Step 1102 may include
the collection of retransmission statistics using a timer or
using a sliding window.

[0120] FIG. 12 illustrates an example of obtaining hybrid
automatic repeat request retransmission statistics using a slid-
ing window technique in accordance with an illustrative
embodiment. Each number 1202 in FIG. 12 represents the
number of hybrid automatic repeat request transmissions
required for a particular uplink transmission to be received
correctly at an uplink supplemental node. Window 1204
encompasses a selected number of transmission numbers
1202. For example, the length of window 1204, defining the
selected number of transmission numbers 1202 encompassed
by window 1204, may be selected to encompass 15 transmis-
sion numbers 1202. Any other desired length for window
1204 may be used in accordance with illustrative embodi-
ments. As time progresses, window 1204 slides in the direc-
tion indicated by arrow 1206 to encompass the most recent
transmission numbers 1202. Uplink transmission numbers
1202 encompassed by window 1204 at a given time instance
are averaged to obtain the hybrid automatic repeat request
retransmission statistics for the time instance. In the example
presented in FIG. 12, the average of hybrid automatic repeat
request transmissions at the time instance represented by the
illustrated position of window 1204 is approximately 1.1. In
accordance with an illustrative embodiment, the serving node
may update the retransmission statistics obtained by the
method described and perform slow link adaptation based on
the retransmission statistics.

[0121] The serving node provides slow link adaptation of
the uplink channel based on the collected retransmission sta-
tistics. In the case where the serving node is involved in
receiving the uplink transmission, the serving node will have
first determined a modulation and coding scheme index based
on the uplink transmitted sounding reference signal and the
power headroom report. In the case where the serving node is
not involved in receiving the uplink transmission, the serving
node will have first determined the modulation and coding
scheme based on the calculated coupling loss between the
uplink supplemental node and the user equipment and deter-
mined an initial modulation and coding scheme index. In
either case, a delta value is determined based on the retrans-
mission statistics as determined above (step 1104). For
example, if the determined hybrid automatic repeat request
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retransmission statistic is below a certain threshold, the delta
value may be a positive number, such as +1 or +2. If the
retransmission statistic is above a certain threshold value, the
delta value may be a negative number, such as -1 or -2.

[0122] The serving node adds the calculated delta value to
the previously determined modulation and coding scheme
index value to obtain the new modulation and coding scheme
to be used for uplink transmissions (step 1106). The new
modulation and coding scheme then is applied to the uplink
channel (step 1108). Thus, data rates may slowly be increased
as long as the retransmission statistics indicate that the aver-
age number of retransmissions required to deliver success-
fully an uplink transmission is not increased by too much.
Similarly, data rates are reduced when the average number of
retransmissions required to deliver successfully an uplink
transmission is too high.

[0123] For applications in which user throughput needs to
be maximized, additional consideration may be needed to
decide whether link adaptation should be based on the link
between the user equipment and the serving node, the link
between the user equipment and the uplink supplemental
node, or the combination of these two links. The user equip-
ment may use a higher data rate modulation and coding
scheme if the link adaptation is based on the link between the
user equipment and the uplink supplemental node or the
combination of links, since the uplink signal on this link is
stronger. However, it takes extra time for the uplink supple-
mental node to relay a received uplink transmission data
packet to the serving node, thereby affecting overall through-
put. Therefore, in accordance with an illustrative embodi-
ment, overall throughput may be taken into account in deter-
mining upon which link a link adaptation scheme is to be
based.

[0124] In accordance with an illustrative embodiment, the
serving node may control user equipment transmission power
using retransmission statistics determined in the manner
described above. For example, when the average hybrid auto-
matic repeat request retransmission statistic is below a
selected threshold value, the serving node may send a trans-
mission power control command to the user equipment to
reduce the user equipment transmission power over the physi-
cal uplink shared channel. It should be noted that, in this case,
the physical uplink control channel transmission power may
not be able to be reduced, since the physical uplink control
channel still needs to reach the serving node. When the aver-
age hybrid automatic repeat request retransmission statistic is
above a selected threshold value, the serving node may send
atransmission power control command to the user equipment
to increase the user equipment transmission power over the
physical uplink shared channel.

[0125] In the examples presented above, the selection and
operation of an uplink supplemental node for providing trans-
mission assistance in an uplink direction from user equipment
to a wireless network is described in detail. However, it
should be understood that a supplemental node for providing
transmission assistance in accordance with an illustrative
embodiment may be a downlink supplemental node for pro-
viding transmission assistance in a downlink direction to user
equipment from a wireless network. The selection and use of
a downlink supplemental node in accordance with an illus-
trative embodiment may follow that described in detail above
for an uplink supplemental node, with appropriate modifica-
tion as will be apparent to those skilled in the art based upon
the detailed description provided herein.
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[0126] In accordance with an illustrative embodiment, a
downlink supplemental node will assist downlink related
transmissions to user equipment from a wireless network and
may perform certain related operations under the guidance of
the serving node. A downlink supplemental node in accor-
dance with an illustrative embodiment will not assist with
uplink related operations. Use of a downlink supplemental
node in accordance with an illustrative embodiment provides
several advantages. When a downlink supplemental node is
used for downlink transmissions, the uplink transmission has
better performance, since the serving node selection is based
on the coupling loss. All uplink transmissions are made to the
serving node. The user equipment does not need to transmit
on the uplink to the downlink supplemental node, which may
save user equipment battery power.

[0127] Either a standard network node, such as an E-UT-
RAN Node B node, or a relay node may be selected to operate
as a downlink supplemental node in accordance with an illus-
trative embodiment. If user equipment selects a relay node as
the serving node, based on the minimum coupling loss, the
donor E-UTRAN Node B node may be selected to operate as
a downlink supplemental node to assist the serving node with
downlink transmissions to the user equipment. In this case,
the serving node may not need to forward the downlink trans-
mission data to the downlink supplemental node, since the
data is originally forwarded by the donor node operating as
the downlink supplemental node to the relay node operating
as the serving node, and the donor node may keep a copy of
the data.

[0128] In accordance with an illustrative embodiment, the
downlink grant is transmitted from the serving node. The
physical downlink shared channel is transmitted from the
downlink supplemental node. In accordance with an illustra-
tive embodiment, the data in a downlink transmission from
the downlink supplemental node may or may not be transmit-
ted from the serving node simultaneously.

[0129] Inaccordance with an illustrative embodiment, link
adaptation of the downlink between a downlink supplemental
node and user equipment may be based on channel quality
indicator, pre-coding matrix indicator, and rank indication
feedback from the user equipment to the serving node. In the
case where the serving node is not involved in downlink
transmissions, the serving node may deliver received channel
quality indicator, pre-coding matrix indicator, and rank indi-
cation feedback to the downlink supplemental node. The
downlink supplemental node will perform the scheduling
function, and then send back to the serving node for the
physical downlink control channel transmission. More
aggressive modulation and coding schemes may be selected
by the serving node for the downlink transmission, consider-
ing that the downlink supplemental node will assist the down-
link data transmission. Alternatively, the user equipment may
measure the quality of the downlink between the downlink
supplemental node and the user equipment and report the
downlink quality back to the serving node so that the serving
node may make more appropriate modulation and coding
scheme selections. Signaling exchanges between the serving
node and the downlink supplemental node are completed via
the backhaul communication.

[0130] Simulations were performed to verify the perfor-
mance of supplemental node transmission assistance in
accordance with illustrative embodiments. The simulation
parameters used are shown in Table 1.
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TABLE I

Simulation Parameters

Parameter Assumption/Value

@ grit, 19 macro eNB, 3 sectors per
cell, wrapped around

2 RN per sector at 2/3 of cell radius
1732 m (Case 3)

@

Cellular layout

Relay layout
® distance (IBD)
Distance dependent path tests

for eNB—UE

Distance-dependent path ions @
for RN—UE

Distance-dependent path loss @

for eNB-relay
Shadowing standard deviation
Shadowing®

10 dB iRN to UEs®@

0.5 between sites, including eNB and
RN, 1 between sectors per site

@ from eNB to UE.® from RN to
UE, 0 dB from eNB ro RN

Penetration loss

Antenna pattern for macro eNBs 9 .2
to UEs (horizontal) A®) = _min[lz(O_) R Am:|

3dB

Antenna pattern for macro eNBs 0 — 3453
to UEs (vertical) A = —min[lZ( - ) , SLAm}
Combining method in 3D antenna  A(¢, ) = - min
{~[Au(0) + AD(6)], AD}
Antenna pattern for relays to 0 dB for all directions
UEs and eNB/RN
pattern
Carrier frequency 2GHz
Bandwidth 10 MHz
Minimum distance between UE 35 m between UE and eNB, 10 m
and eNB/RN between UE and RN
Tx power 46 dBm for eNB, 30 dBM for RN
BS antenna gain (incl. cable loss) 14 dBi
Relay antenna gain (incl. cable 5dBi
loss)
UE antenna gain 0 dBi
UE noise figure 9dB
eNB noise figure 5dB
Fast fading Disabled
USN/DSN selection threshold 5dB
Handover Margin 1dB

@ indicates text missing or illegible when filed

[0131] Simulation results showing signal to interference-
plus-noise ratio performance enhancement with uplink
supplemental node use in accordance with an illustrative
embodiment are illustrated in FIG. 13. FIG. 13 shows simu-
lated uplink signal to interference-plus-noise cumulative dis-
tribution functions for simulations including a single E-UT-
RAN Node B node and various numbers of Type I relay
nodes. Line 1302 shows simulation results for the case with
two relay nodes without the use of uplink supplemental
nodes. Line 1304 shows simulation results for the case with
two relay nodes with uplink supplemental nodes in accor-
dance with an illustrative embodiment. Line 1306 shows
simulation results for the case with four relay nodes with
uplink supplemental nodes in accordance with an illustrative
embodiment. Line 1308 shows simulation results for the case
with eight relay nodes with uplink supplemental nodes in
accordance with an illustrative embodiment.

[0132] It can be seen from FIG. 13 that by adding uplink
supplemental nodes for uplink transmission assistance in
accordance with an illustrative embodiment the signal to
interference-plus-noise cumulative distribution function is
improved overall, especially for users at the cell edge.
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Increasing the number of relay nodes, and thus increasing the
number of potential uplink supplemental nodes, further
enhances the received signal to interference-plus-noise ratio.
By increasing the number of relay nodes, more nodes can be
included in the uplink supplemental node set and interference
is reduced, since more user equipments are associated with
the relay nodes and use less transmit power. However, the
gain becomes less substantial as the number of uplink supple-
mental nodes increases.

[0133] Simulation results showing signal to interference-
plus-noise ratio performance enhancement with downlink
supplemental node use in accordance with an illustrative
embodiment are illustrated in FIG. 14. FIG. 14 shows simu-
lated downlink signal to interference-plus-noise cumulative
distribution functions for simulations including a single
E-UTRAN Node B node and various numbers of Type [ relay
nodes. Line 1402 shows simulation results for the case with
two relay nodes without the use of downlink supplemental
nodes. Line 1404 shows simulation results for the case with
two relay nodes with downlink supplemental nodes in accor-
dance with an illustrative embodiment. Line 1406 shows
simulation results for the case with four relay nodes with
downlink supplemental nodes in accordance with an illustra-
tive embodiment. Line 1408 shows simulation results for the
case with eight relay nodes with downlink supplemental
nodes in accordance with an illustrative embodiment.
[0134] FIG. 14 shows that performance gain using a down-
link supplemental node for downlink transmission assistance
in accordance with an illustrative embodiment is similar to
that obtained using an uplink supplemental node for uplink
transmission assistance in accordance with an illustrative
embodiment. Assuming, in this case, that the user equipment
association with a serving node is based on the uplink cou-
pling loss, it can be seen that by applying the downlink
supplemental node about 8 dB signal to interference-plus-
noise ratio gain can be achieved at the downlink and more
than 50% of user equipment can achieve more than 2 dB
signal to interference-plus-noise ratio gains at the downlink.
With an increased number of relay nodes, more nodes may be
included in the downlink supplemental node set, resulting in
further improvement of the received signal to interference-
plus-noise ratio at the user equipment.

[0135] One or more of the illustrative embodiments thus
provides for transmissions between a wireless network and
wireless user equipment in a first direction using a serving
node of the wireless network while providing for transmis-
sions between the wireless network and wireless user equip-
ment in a second direction using a supplemental node of the
wireless network. The supplemental node is selected based on
providing better channel conditions between the network and
the user equipment in the second direction than the serving
node. The supplemental node thus provides transmission
assistance for the serving node in order to provide the best
available downlink and uplink communications between the
user equipment and the network.

[0136] The flowcharts and block diagrams in the different
depicted embodiments illustrate the architecture, functional-
ity, and operation of some possible implementations of appa-
ratus and methods in different illustrative embodiments. In
this regard, each block in the flowchart or block diagrams may
represent a module, segment, function, or a portion of an
operation or step. In some alternative implementations, the
function or functions noted in the block may occur out of the
order noted in the figures. For example, in some cases, two
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blocks shown in succession may be executed substantially
concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved.
[0137] The description of the different illustrative embodi-
ments has been presented for purposes of illustration and
description, and is not intended to be exhaustive orto limit the
embodiments to the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the art.
In the illustrative examples, the user equipment has been
described with respect to a mobile phone. The difterent illus-
trative embodiments may be applied to other types of plat-
forms in addition to or in place of the ones described, such as
a mobile platform, a stationary platform, a land-based struc-
ture, an aquatic-based structure, a space-based structure, a
smart phone, a personal digital assistant, a desktop computer,
a server computer, a set-top box, a game console, a worksta-
tion, and any other suitable platform. A component may be
included in a platform in a number of different ways. For
example, the component may be located inside the platform,
outside of the platform, formed as part of the platform,
mechanically secured to the platform, or otherwise associated
with the platform.

[0138] The embodiment or embodiments selected are cho-
sen and described in order to best explain the principles of the
embodiments, the practical application, and to enable others
of ordinary skill in the art to understand the disclosure for
various embodiments with various modifications as are suited
to the particular use contemplated.

What is claimed is:

1. A method of wireless communications between a wire-
less communications network and wireless user equipment,
comprising:

selecting a first node of the wireless communications net-

work as a serving node for the user equipment;

using the serving node for transmissions in a first direction

between the user equipment and the wireless communi-
cations network;

selecting a second node of the wireless communications

network as a supplemental node; and

using the supplemental node for transmissions in a second

direction between the wireless communications net-
work and the user equipment.

2. The method of claim 1, wherein the first node and the
second node are wireless communications network nodes
selected from the group of wireless communications network
nodes consisting of E-UTRAN Node B nodes, relay nodes,
and other low power transmission nodes.

3. The method of claim 1, wherein:

selecting the second node includes selecting a second node

of the wireless communications network that receives a
stronger uplink signal from the user equipment than the
serving node as the supplemental node;

transmissions in the first direction are downlink transmis-

sions from the serving node to the user equipment; and
transmissions in the second direction are uplink transmis-
sions from the user equipment to the supplemental node.

4. The method of claim 3, wherein:

selecting a second node of the wireless communication

network as a supplemental node includes selecting a
plurality of nodes of the wireless communication net-
work as a plurality of uplink supplemental nodes form-
ing an uplink supplemental node set; and

using the supplemental node for uplink transmissions to

the wireless communications network from the user
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equipment includes receiving uplink transmissions from
the user equipment by a plurality of the uplink supple-
mental nodes in the uplink supplemental node set.

5. The method of claim 3, wherein using the supplemental
node for transmissions between the wireless communications
network and the user equipment includes:

receiving uplink transmission data from the user equip-
ment by the supplemental node; and

sending the received uplink transmission data from the
supplemental node to the serving node.

6. The method of claim 3, wherein using the supplemental
node for transmissions between the wireless communications
network and the user equipment includes sending uplink
scheduling parameters from the serving node to the supple-
mental node.

7. The method of claim 1, further comprising adapting
parameters of a wireless communications link for the trans-
missions in the second direction by the serving node.

8. The method of claim 7, comprising determining retrans-
mission statistics for transmissions in the second direction
and adapting parameters of the wireless communications link
for the transmissions in the second direction based on the
determined retransmission statistics.

9. The method of claim 1, wherein:

transmissions in the first direction are uplink transmissions
from the user equipment to the serving node; and

transmissions in the second direction are downlink trans-
missions from the supplemental node to the user equip-
ment.

10. A communications network for wireless communica-

tions with user equipment, comprising:

a serving node adapted for transmissions in a first direction
between the user equipment and the wireless communi-
cations network and adapted to select a supplemental
node; and

a supplemental node, wherein the supplemental node is
selected by the serving node and adapted for transmis-
sions in a second direction between the wireless com-
munications network and the user equipment.

11. The communications network of claim 10, wherein the
serving node and the supplemental node are wireless com-
munications network nodes selected from the group of wire-
less communications network nodes consisting of E-UTRAN
Node B nodes, relay nodes, and other low power transmission
nodes.

12. The communications network of claim 10, wherein:

the supplemental node receives a stronger uplink signal
from the user equipment than the serving node;

transmissions in the first direction are downlink transmis-
sions from the serving node to the user equipment; and
transmissions in the second direction are uplink transmis-
sions from the user equipment to the supplemental node.

13. The communications network of claim 12, wherein:

the serving node is further adapted to select a plurality of
nodes of the wireless communication network as a plu-
rality of uplink supplemental nodes forming an uplink
supplemental node set; and

each of the plurality of nodes in the uplink supplemental
node set is adapted to receive uplink transmissions from
the user equipment.

14. The communications network of claim 12, wherein the

supplemental node is adapted to receive uplink transmission
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data from the user equipment and to send the received uplink
transmission data from the supplemental node to the serving
node.
15. The communications network of claim 12, wherein the
serving node is adapted to send uplink scheduling parameters
from the serving node to the supplemental node.
16. The communications network of claim 10, wherein the
serving node is adapted to adapt parameters of a wireless
communications link for the transmissions in the second
direction.
17. The communications network of claim 16, wherein the
serving node is adapted to determine retransmission statistics
for transmissions in the second direction and to adapt param-
eters of the wireless communications link for the transmis-
sions in the second direction on the determined retransmis-
sion statistics.
18. The communications network of claim 10, wherein:
transmissions in the first direction are uplink transmissions
from the user equipment to the serving node; and

transmissions in the second direction are downlink trans-
missions from the supplemental node to the user equip-
ment.

19. A computer program product, comprising a computer
readable storage medium having computer usable program
code stored thereon for controlling a processing unit of a node
of a wireless communications network to:

be selected to operate as a serving node adapted for trans-

missions in a first direction between the user equipment
and the wireless communications network and adapted
to select a supplemental node; and

be selected by a node of a wireless communications net-

work operating as a serving node to operate as a supple-
mental node adapted for transmissions in a second direc-
tion between the wireless communications network and
the user equipment.

20. The computer program product of claim 19, wherein:

transmissions in the first direction are downlink transmis-

sions from the node of the wireless communications
network operating as a serving node to the user equip-
ment; and

transmissions in the second direction are uplink transmis-

sions from the user equipment to the node of the wireless
communications network operating as a supplemental
node.
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21. The computer program product of claim 20, wherein
the computer usable program code is further adapted for
controlling a processing unit of a node of a wireless commu-
nications network to:

when operating as a serving node, select a plurality of
nodes of the wireless communication network as a plu-
rality of uplink supplemental nodes forming an uplink
supplemental node set.

22. The computer program product of claim 20, wherein
the computer usable program code is further adapted for
controlling a processing unit of a node of a wireless commu-
nications network to:

when operating as a supplemental node, receive uplink
transmission data from the user equipment and send the
received uplink transmission data from the supplemen-
tal node to another node of the wireless communications
network operating as a serving node.

23. The computer program product of claim 20, wherein
the computer usable program code is further adapted for
controlling a processing unit of a node of a wireless commu-
nications network to:

when operating as a serving node, send uplink scheduling
parameters from the serving node to another node of the
communications network operating as a supplemental
node.

24. The computer program product of claim 19, wherein
the computer usable program code is further adapted for
controlling a processing unit of a node of a wireless commu-
nications network to:

when operating as a serving node, adapt parameters of a

wireless communications link for transmissions in the
second direction.

25. The computer program product of claim 19, wherein:

transmissions in the first direction are uplink transmissions
from the user equipment to the node of the communica-
tions network operating as a serving node; and

transmissions in the second direction are downlink trans-
missions from the node of the communications network
operating as a supplemental node to the user equipment.
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