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RELATIVE TIME DIVISION FOR NETWORK CODING

TECHNICAL FIELD

Implementations described herein relate generally to relaying in wireless communication

systems and, more particularly, to the relative time division of transmission phases during

network coding in wireless communication systems.

BACKGROUND

A striving force in the development of wireless/cellular communication networks and

systems has been to provide increased network coverage and/or to support higher data rates. At

the same time, the cost aspect of building and maintaining the system is of great importance and

is expected to become even more so in the future. As data rates and/or communication distances

are increased, the problem of increased battery consumption is another area of concern. Until

recently, the main topology of wireless communication systems has been fairly unchanged,

including the three existing generations of cellular networks. The topology of existing wireless

communication systems is characterized by a cellular architecture that includes fixed radio base

stations and mobile stations as the only transmitting and receiving entities in the networks

typically involved in a communication session.

A technique for introducing macro-diversity in a received signal involves the use of

relaying systems where information sent to an intended destination may be conveyed through

various routes and combined at the destination. Each route may consist of one or more hops

utilizing the relay nodes. In addition, the destination may receive the direct signal from the

source. Cooperative relaying systems can be divided into numerous categories based on desired

parameters. For instance, the way the signal is forwarded and encoded at the relay station can be

classified into two categories: amplify-and-forward and decode-and-forward. In the amplify-

and-forward case, the relays simply amplify and forward the received signal. In the decode-and-

forward case, the relays demodulate and decode the signal prior to re-encoding and re

transmission.

Present day communication networks, described above, share the same fundamental

principle of operation: the information or packet sent from a source to a destination is

transported independently from other information sent from another source to the same

destination. Routers, repeaters and relays simply forward the data to the destination. In contrast

to those communication networks, network coding (NC) is a new area of networking, in which

data is manipulated inside the network (e.g., at an intermediate node, N) to improve throughput,

delay and robustness. In particular, NC allows the intermediate nodes to recombine several

input packets into one or several output packets. At the intermediate node (referred to as the



network coding node) some type of linear coding can be performed on the packets present at the

network coding node, and the resulting encoded packet can be broadcast for different recipients

simultaneously instead of transmitting each packet separately.

In wireless communications, network coding can be divided into two schemes: analog

network coding and digital network coding. In analog network coding, coding may be

performed at the signal level. This may consist of letting the analog signals add up in the air

through simultaneous transmissions (i.e., by letting two signals interfere with each other

intentionally). The coding (i.e., signal addition) may then occur at the intermediate relay node

and both decode-and-forward and amplify-and-forward techniques may be employed in analog

network coding. In digital network coding, coding may be performed at the packet level, with

encoding being performed on the bits of the packets. The encoding may include XOR

operations, or other types of bit operations, being performed on the bits of the packets. Digital

network coding may be performed only with decode-and-forward relays, since the network

coding node needs to possess decoding capabilities. When network coding is applied to a

wireless relay network, a relay node may play the role of a network coding node.

SUMMARY

Exemplary embodiments described herein provide techniques for dividing and allocating

the transmission resources (e.g., uplink or downlink) in the case where at least two user

terminals transmit their data to a certain destination through a relaying node. Transmission

intervals and interval lengths (e.g., in a cell of a wireless network) may be allocated to user

terminals, and to a relay node involved in the network coding of data transmissions to a base

station, based on the selection of a time division scheme from multiple time division schemes.

Various time division schemes may be used herein for dividing the transmission intervals and

interval lengths, and for allocating the time divided intervals to the user terminals and the relay

node. Such time division schemes may include, but are not limited to, a time division scheme

that attempts to achieve "fairness-per-node," a time division scheme that attempts to achieve

"fairness-per-user terminal," and a time division scheme that attempts to achieve equal delay per

user terminal. Any of these time division schemes or other time division schemes, either by

themselves or in combination, may be selected to allocate transmission intervals and interval

lengths to user terminals transmitting data to the relay node for network coding. Other time

division schemes that may be selected include schemes based on channel quality measures of

different links in the system. For example, the other time division schemes may be based on

channel quality measures associated with the links between the user terminals and the relay



node, between the relay node and the base station and/or between the user terminals and the base

station.

In some implementations, a cost function-based algorithm may be used to optimize a

certain parameter(s) associated with the network coding process through the selection of a time

division scheme from the multiple different time division schemes. Implementations described

herein, thus, provide network coding aware time division schemes that can control the fairness

of the system while being able to maximize a performance measure of interest through design of

a cost function. Implementations described herein further increase system spectral efficiency

and reduce system outages, and can be combined with user terminal grouping algorithms and

relay node selection algorithms to optimize scheduling (e.g., throughput, fairness) for a network

coding system.

According to one aspect, a method may include determining qualities of links between

user terminals and a base station in a wireless network and selecting a time division scheme

from multiple time division schemes based on the determined qualities of the links. The method

may further include allocating transmission intervals and interval lengths, based on the selected

time division scheme, to each of the user terminals and to a relay node that relays data

transmissions from the user terminals to the base station. The method may also include

notifying the user terminals and the relay node of their respective allocated transmission

intervals and interval lengths.

According to a further aspect, a base station that serves multiple user terminals via a

relay node in a cell of a wireless network may include a time division scheme selection unit

configured to select a time division scheme from multiple time division schemes that optimizes

a parameter associated with network coding of data transmitted between the multiple user

terminals and the base station via the relay node. The base station may further include a

transmission allocation unit configured to allocate uplink and/or downlink transmission intervals

and interval lengths, based on the selected time division scheme, to each of the multiple user

terminals and to the relay node. The base station may also include a notification message unit

configured to notify the multiple user terminals and the relay node of their respective

transmission interval and interval length allocation.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this

specification, illustrate one or more embodiments of the invention and, together with the

description, explain the invention. In the drawings:



FIG. 1 illustrates an exemplary communications system in which embodiments described

herein may be implemented;

FIG. 2 illustrates an exemplary implementation in which a network of the system of FIG.

1 includes a Public Land Mobile Network (PLMN);

FIG. 3A illustrates exemplary components of the base station of FIG. 1;

FIG. 3B illustrates exemplary functional components of the base station of FIG. 1;

FIG. 4A illustrates exemplary components of a user terminal of FIG. 1;

FIG. 4B illustrates an exemplary implementation of the user terminal of FIG. 4A where

the user terminal is a cellular radiotelephone;

FIG. 5 depicts details of the network coding and relaying of data transmissions from a

group of user terminals by a selected relay node to a base station at specified transmission time

intervals;

FIG. 6 illustrates a "fair-per-node" time division scheme according to an exemplary

embodiment;

FIG. 7 illustrates a "fair-per-user terminal" time division scheme according to an

exemplary embodiment;

FIG. 8 is a flowchart that illustrates exemplary operations associated with selecting a

time division scheme for time dividing a transmission resource and allocating transmission

intervals and interval lengths to user terminals and a relay node involved in network coding

based on the selected time division scheme; and

FIG. 9 is an exemplary messaging diagram associated with the exemplary operations of

FIG. 8.

DETAILED DESCRIPTION

The following detailed description of the invention refers to the accompanying drawings.

The same reference numbers in different drawings may identify the same or similar elements.

Also, the following detailed description does not limit the invention.

FIG. 1 illustrates an exemplary communications system 100 that may include multiple

user terminals (UT) 110-1 through HO-N connected to a network 120 via multiple relay nodes

130-1 through 130-P and a base station 140. UTs 110-1 through HO-N may communicate 150

with devices 160-1 through 160-M via relays 130-1 through 130-P and base station 140 (and

other components of network 120 not shown in FIG. 1). Thus, relay nodes 130-1 through 130-P

and base station 140 may function as intermediate components of communications system 100

that may be used to facilitate end-to-end communication between UTs 110-1 through HO-N and

devices 160-1 through 160-M.



UTs 110-1 through HO-N may include cellular radiotelephones, personal digital

assistants (PDAs), Personal Communications System (PCS) terminals, laptop computers,

palmtop computers, or any other types of devices or appliances that include a communication

transceiver that permits the device to communicate with other devices via a wireless link. A

PCS terminal may combine a cellular radiotelephone with data processing, facsimile and data

communications capabilities. A PDA may include a radiotelephone, a pager, an Internet/intranet

access device, a web browser, an organizer, calendars and/or a global positioning system (GPS)

receiver. UTs 110-1 through HO-N may be referred to as "pervasive computing" devices.

Relay nodes 130-1 through 130-P may include wireless nodes that receive data

transmissions from multiple ones of UTs 110-1 through HO-N and network code (described

further below) and relay the received data transmissions to base station 140. The network

coding performed by relay nodes 130-1 through 130-P may include analog or digital network

coding. The digital network coding typically involves linearly combining data from a group of

user terminals, such as, for example, XOR bitwise encoding, Reed Solomon encoding, modulus

encoding, or other types of operations for combining data bits from different user terminals of a

group of user terminals.

Devices 160-1 and 160-M may include similar devices to UTs 110-1 through HO-N and,

in some implementations, may additionally include telephones (e.g., Plain Old Telephone

system (POTs) telephones) that are connected to a Public Switched Telephone Network (PSTN).

Network(s) 120 may include one or more networks of any type, including a local area

network (LAN); a wide area network (WAN); a metropolitan area network (MAN); a telephone

network, such as a PSTN or a PLMN; a satellite network; an intranet, the Internet; or a

combination of networks. The PLMN(s) may further include a packet-switched sub-network,

such as, for example, General Packet Radio Service (GPRS), Cellular Digital Packet Data

(CDPD), or Mobile IP network.

FIG. 2 illustrates an example of system 100 of FIG. 1, where network 120 includes a

PLMN 200. As shown in FIG. 2, UTs 110-1 and HO-N and device 160 may include cellular

radiotelephones.

PLMN 200 may include one or more base station controllers (BSCs) 205-1 through 205-

Y (alternatively called "radio network controllers" (RNCs) in some implementations), multiple

base stations (BSs) 140 and 210-1 through 210-X along with their associated antenna arrays, one

or more mobile switching centers (MSCs), such as MSC 215, and one or more gateways (GWs),

such as GW 220. PLMN 200 may additionally include components (not shown) for connecting

PLMN 200 to a packet-switched network, such as a Packet Data Network (PDN), such that UTs



110-1 through HO-N and device 160 can send or receive packet-switched data from the PDN.

The components for connecting PLMN 200 to the PDN may include a Serving GPRS Support

Node (SGSN) and a Gateway GPRS Support Node (GGSN) (not shown).

Base stations 140 and 210-1 through 210-X may format the data transmitted to, or

received from, the antenna arrays in accordance with existing techniques and may communicate

with BSCs 205-1 through 205-Y or with a device, such as device 160. Among other functions,

BSCs 205-1 through 205-Y may route received data to either MSC 215 or a base station (e.g.,

BSs 140 or 210-1 through 210-X). MSC 215 may route received data to BSC 205-1, 205-Y, or

GW 220. GW 220 may route data received from an external domain (not shown) to an

appropriate MSC (such as MSC 215), or from an MSC to an appropriate external domain. In

one implementation, the external domain may include a different PLMN or a PSTN.

FIG. 3A illustrates an exemplary implementation of BS 140. Base stations 210-1

through 210-X may be similarly configured. BS 140 may include a transceiver 305, a

processing unit 310, a memory 315, an interface 320 and a bus 325.

Transceiver 305 may include transceiver circuitry for transmitting and/or receiving

symbol sequences using radio frequency signals via one or more antennas. Processing unit 310

may include a processor, a microprocessor, or processing logic that may interpret and execute

instructions. Processing unit 310 may perform all device data processing functions. Memory

315 may provide permanent, semi-permanent, or temporary working storage of data and/or

instructions for use by processing unit 310 in performing device processing functions. Memory

315 may include read only memory (ROM), random access memory (RAM), large-capacity

storage devices, such as a magnetic and/or optical recording medium and its corresponding

drive, and/or other types of memory devices. Interface 320 may include circuitry for interfacing

with a link that connects to a BSC (e.g., BSC 205-1 or BSC 205-Y). Bus 325 may interconnect

the various components of BS 140 to permit the components to communicate with one another.

The configuration of components of BS 140 illustrated in FIG. 3A is for illustrative

purposes only. Other configurations with more, fewer, or a different arrangement of

components may be implemented.

FIG. 3B illustrates a functional diagram of base station 140 according to an exemplary

implementation. The various functional components shown in FIG. 3B may be implemented by

processing unit 310, memory 315, transceiver 305, and possibly other components of base

station 140. Base station 140 may include a link quality analysis unit 330, a time division

scheme selection unit 340, an uplink/downlink transmission allocation unit 345, and a

notification message unit 350.



Link quality analysis unit 330 may analyze link quality information that may be received

from UTs 110-1 through HO-N, received from a relay node 130, and/or may be measured at

base station 140. The link quality information may include, for example, link quality

information associated with the direct radio channel links between UTs 110-1 through HO-N

and base station 140, link quality information associated with the links between UTs 110-1

through HO-N and relay node 130, and link quality information associated with the link between

relay node 130 and base station 140.

Time division scheme selection unit 340 may select a time division scheme to use for

allocating transmission intervals and interval lengths (i.e., time slots and their respective

lengths). For example, in a cellular system, the selected time division scheme may allocate

transmission intervals and interval lengths on the uplink and/or downlink. The time division

schemes may include, among other time division schemes, a time division scheme to achieve

"fairness-per-node," a time division scheme to achieve "fairness-per-user terminal," and a time

division scheme to achieve "equal delay" per user terminal. Any of these time division schemes,

either by themselves or in combination, may be selected to allocate uplink transmission intervals

and interval lengths to each of UTs 110-1 through HO-N and to relay node 130 for the network

coding. As further described below, a cost function based algorithm may be used to optimize

certain desired performance measures using one or more selected time division schemes. The

"fairness-per-node" and "fairness-per-user terminal" time division schemes are described in

more detail below.

Uplink/downlink transmission allocation unit 345 may allocate uplink and/or downlink

transmission intervals and interval lengths based on the time division scheme selected by time

division scheme selection unit 340. Allocation of transmission intervals and interval lengths, for

the exemplary "fair-per-node" and "fair-per-user terminal" time division schemes are described

in further detail below with respect to FIGS. 6 and 7.

Notification message unit 350 may construct one or more notification messages that may

inform the selected relay node 130 and the user terminals 110-1 through HO-N of the allocated

transmission intervals and interval lengths. A single notification message may be constructed

and sent to relay node 130 for relaying on to UTs 110-1 through 110-N, or multiple notification

messages may be constructed that can be sent to relay node 130 and directly to each of UTs 110-

1 through HO-N.

FIG. 4A illustrates exemplary components of a UT 110. Relays 130-1 through 130-P

may be similarly configured. UT 110 may include a transceiver 405, a processing unit 410, a

memory 415, an input device(s) 420, an output device(s) 425, and a bus 430.



Transceiver 405 may include transceiver circuitry for transmitting and/or receiving

symbol sequences using radio frequency signals via one or more antennas. Transceiver 405 may

include, for example, a RAKE or a GRAKE receiver. Processing unit 410 may include a

processor, microprocessor, or processing logic that may interpret and execute instructions.

Processing unit 410 may perform all data processing functions for inputting, outputting, and

processing of data including data buffering and device control functions, such as call processing

control, user interface control, or the like.

Memory 415 may provide permanent, semi-permanent, or temporary working storage of

data and instructions for use by processing unit 410 in performing device processing functions.

Memory 415 may include ROM, RAM, large-capacity storage devices, such as a magnetic

and/or optical recording medium and its corresponding drive, and/or other types of memory

devices. Input device(s) 420 may include mechanisms for entry of data into UT 110. For

example, input device(s) 420 may include a key pad (not shown), a microphone (not shown) or a

display unit (not shown). The key pad may permit manual user entry of data into UT 110. The

microphone may include mechanisms for converting auditory input into electrical signals. The

display unit may include a screen display that may provide a user interface (e.g., a graphical user

interface) that can be used by a user for selecting device functions. The screen display of the

display unit may include any type of visual display, such as, for example, a liquid crystal display

(LCD), a plasma screen display, a light-emitting diode (LED) display, a cathode ray tube (CRT)

display, an organic light-emitting diode (OLED) display, etc.

Output device(s) 425 may include mechanisms for outputting data in audio, video and/or

hard copy format. For example, output device(s) 425 may include a speaker (not shown) that

includes mechanisms for converting electrical signals into auditory output. Output device(s) 425

may further include a display unit that displays output data to the user. For example, the display

unit may provide a graphical user interface that displays output data to the user. Bus 430 may

interconnect the various components of UT 110 to permit the components to communicate with

one another.

The configuration of components of UT 110 illustrated in FIG. 4A is for illustrative

purposes only. Other configurations with more, fewer, or a different arrangement of

components may be implemented.

FIG. 4B illustrates an exemplary implementation of UT 110 in which UT 110 includes a

cellular radiotelephone. As shown in FIG. 4B, the cellular radiotelephone may include a

microphone 435 (e.g., of input device(s) 420) for entering audio information into UT 110, a

speaker 440 (e.g., of output device(s) 425) for providing an audio output from UT 110, a keypad



445 (e.g., of input device(s) 420) for manual entry of data or selection of device functions, and a

display 450 (e.g., of input device(s) 420 or output device(s) 425) that may visually display data

to the user and/or which may provide a user interface that the user may use to enter data or to

select device functions (in conjunction with keypad 445).

FIG. 5 illustrates the performance of network coding of data from a group of user

terminals at a relay node and relaying of the network coded data to a base station. As shown in

FIG. 5, user terminal 110-1 may transmit 510 data b\ during transmission time interval T\ to

relay node 130. Relay node 130 may be selected from relay nodes 130-1 through 130-P of FIG.

1 based on a selection scheme not described herein. User terminal HO-N may also transmit 520

data 2 during transmission time interval J 2 to relay node 130. Subsequent to receipt of data b\

and 2 , relay node 130 may perform network coding 530 on the data, and then may

relay/transmit 540 the network coded data to base station 140 during transmission time interval

J 3. In the exemplary implementation depicted in FIG. 5, relay node 130-1 is depicted as using

Exclusive OR operations (XOR - Θ ) to network code the data b i and 2 received from UTs 110-

1 and HO-N. In other implementations, different network coding schemes may be used.

As described herein, the relative time division of transmission phases (i.e., transmission

time intervals or time slots) in a wireless network coding system may be achieved according to

various time division schemes. For example, assuming that there are two user terminals being

network coded, the various time division schemes may allocate different transmission intervals

and interval lengths (e.g., uplink and/or downlink) for each of the time intervals J 1, J and J 3

shown in FIG. 5. For example, one time division scheme may achieve "fairness-per-node."

Another time division scheme may attempt to achieve "fairness-per-user terminal." A further

time division scheme may attempt to achieve equal delay per user terminal. Any of these time

division schemes or other time division schemes, either by themselves or in combination, may

be selected to allocate uplink transmission intervals and interval lengths to each of UTs 110-1

through 110-N and to relay node 130. The other time division schemes may include schemes

based on channel quality measures of different links in the system. For example, the other time

division schemes may be based on channel quality measures associated with the links between

the user terminals and the relay node, between the relay node and the base station and/or

between the user terminals and the base station.

As further described below, a cost function based algorithm may be used to optimize

certain desired performance measures using one or more selected time division schemes.

Signal-to-Noise and Interference Ratios (SINR) equations associated with the network

coding transmissions shown in FIG. 5 may be derived and used to demonstrate how different



time division schemes lead to different capacity equations that may be used to optimize certain

desired performance measures. Assume that during T1, a first user terminal (e.g., user terminal

110-1) transmits, and its signal is received at base station 140 and relay 130. The signal

received after Orthogonal Frequency Division Multiplexing (OFDM) demodulation at base

station 140 for the kth sub-carrier of user terminal 1 may be expressed as:

=H l (k)s (k) + H
i

(k)s I (k) +wι(k) Eqn. (1)
ι=2

where:

H j (k) is the radio channel between the transmitter of the / h user terminal of BS i and

the receiver of BS 1,

s ij (k) is m e modulated signal of the / h user terminal in BS /,

ΛV\ (k) is the thermal noise, and

N b is the number of base stations in the system.

The signal received at relay node 130 after T1 may be expressed as:

H r ,ι(*K. (k) +wrΛ Eqn. (2)

where H . . .is the radio channel between the transmitter of the / user terminal of BS i

and the receiver of the active relay node of BS 1.

The SINR at base station 140 after T1, F1may be expressed as:

where p is the transmitted power of the/ h user terminal of BS i .

The SINR for user terminal 1 at relay node 130 after T1 is denoted as F). , and may be expressed

as:

F . , = Eqn. (4)

,l

Similarly, the signal received at base station 140 after user terminal 2 (e.g., UT 110-N) has

transmitted during T may be expressed as:

N h

y 2) (k) =H l 2(k)s 2 (k) + , 2(k)s. 2(k) +W1 Eqn. (5)
/=2



The signal received at relay node 130 after J 2 may be expressed as:

y (*) =
,1,1

(k)s X2(k) + H,. .
2
(k)s i (k) +w,. Eqn. (6)

/= 2

The SINR at base station 140 after T2, T2 , may be expressed as

The SINR for user terminal 2 (e.g., UT 110-N) at relay node 130 after T2 is denoted as Tr and

may be expressed as:

During the third hop, relay node 130 may transmit the network-coded signal. The signal

received at base station 140 after J 3 maybe expressed as

GrΛd + Gr d, +w3 Eqn. (9)
ι=2

where GrJ is the channel between the transmitter of the active relay of BS i and the

receiver of BS 1, and d denotes the network-coded transmitted signal from the active
relay of BS .

The resulting SINR, 3 , is then given by:

where p r ,. is the transmitted power of the active relay in BS i .

The transmitted network coded data may then be decoded based on the following algorithm.

Without loss of generality, let us assume that user terminal 1 (UT 110-1) has a better link to base

station 140 than user terminal 2 (UT 110-N), i.e., F1 > F2 . Then the data of user terminal 1 may

be decoded based on its SINR through the direct link to base station 140. However, this data

still needs to be transmitted at a rate so that it can be decoded at relay node 130 so that it can

further be used to decode the network coded data (e.g., XOR-ed data) transmitted by relay node

130. The resulting equivalent SINR of user terminal 1 may then be given by:

F1
' = InIn(F1;F,. , } Eqn. ( 1 1)



Consequently, the relayed signal may then be used (after being decoded against the transmission

of user terminal 1) in order to improve the equivalent SINR of the weak user terminal in the pair.

Assuming maximum ratio combining (MRC), the equivalent SINR of user terminal 2 may then

be given by:

r =min{r2 +r 3;r,.
2
} Eqn. (12)

The resulting sum capacity equation may be based on the amount of time each node is given to

transmit its data.

For a "fair-per-node" time division scheme (alternatively referred to as time division

"scheme 1" herein), shown in FIG. 6, the total transmission time T may be divided into three

equal time slots given by:

One time slot may b e assigned to each node, e.g., T \ may b e assigned to user terminal 1 (e.g.,

UT 110-1), may be assigned to user terminal 2 (e.g., UT 110-N) and 3 may b e assigned to

relay node 130. With such time slot assignments, the "strong" user terminal (e.g., the user

terminal having the strongest direct radio channel connection to base station 140) will have

access to one third of the total transmission time T, whereas the "weak" user terminal (e.g., the

user terminal having the weakest direct radio channel connection to base station 140) will have

access to the remaining two thirds of the total transmission time T (i.e., one third through its own

transmission time, and another third through the relay node transmission time).

Based on the SINR expressions derived above, the sum capacity of the "fair-per-node"

time division scheme of FIG. 6 maybe expressed as:

C1 = [log2(l +r;)+log 2(l+r;)] Eqn. (14)

For a "fair-per-user terminal" time division scheme (alternatively referred to as time

division "scheme 2" herein), shown in FIG. 7, the total transmission time T may be divided into

three time slots given by:

7 = 2 2 = 2r 3 | Eqn. (15)

Time slot T\ may be assigned to the "strong" user terminal, time slot 2 may be assigned to the

"weak" user terminal, and time slot 3 may be assigned to relay node 130. With the relative

time division shown in FIG. 7, the "strong" user terminal and the "weak" user terminal will each

have access to half of the transmission duration T. The sum capacity of the time division

scheme of FIG. 7 maybe expressed as:



iog 2(i + r;)4iog 2(i+r;) Eqn. (16)

Due to the log2 operator in the capacity equation, it would be expected that time division scheme

2 may provide a comparable performance to time division scheme 1 at low SINR regions,

whereas time division scheme 2 may provide substantially higher gains at high SINR regions,

thus, providing a higher total system throughput.

Time division schemes 1 and 2, described above, may be combined in some

implementations to form a cost-based algorithm. One example of such a combination is

choosing the time division scheme (e.g., scheme 1 or scheme 2) that maximizes the sum-

capacity at a given time period. For example, a time division scheme t may be selected that

maximizes the sum capacity according to the following expression:

t* = argmax C(CZ
1

C 2) Eqn. (17)
t \Scheme\, Scheme!}

A s another example, a time division scheme t may be selected that minimizes generated

interference according to the expression:

t "' = argmin l{U λ,U2) Eqn. (18)
t<={Sclιeme\, Scheme!}

where the interference may b e measured at base stations other than base station 140, at
other relay nodes, and/or at other user terminals.

Thus, the interference may b e associated with links between the user terminals and the relay

node, between the relay node and the base station, between the user terminals and base station,

etc. Exemplary cost-based algorithms, such as those represented by Eqns. (17) and (18), may

permit "fairness" to be controlled through the selected time division scheme and a parameter

(e.g., a given performance measure) associated with network coding of data transmitted between

the plurality of user terminals and the base station via the relay node to b e optimized.

FIG. 8 is a flowchart that illustrates exemplary operations associated with selecting a

time division scheme for time dividing a transmission resource (e.g., uplink and/or downlink in a

cellular system) and allocating transmission intervals and interval lengths to user terminals and a

relay node involved in network coding based on the selected time division scheme. The

exemplary operations of FIG. 8 may b e implemented by base station 140. The exemplary

operations o f FIG. 8 are described below with reference to the messaging diagram of FIG. 9.

The exemplary operations may begin with the receipt of link quality information (block

800). The link quality information may include, for example, Signal-to-Interference-Noise-

Ratio (SINR) and/or estimates of channel conditions measured at one or more of UTs 110-1



through HO-N, relay node 130-1, or base station 140. For example, each of UTs 110-1 through

HO-N may measure a link quality associated with its link to the selected relay node (e.g., relay

node 130-1 in FIG. 9) and may send the link quality information to the selected relay node (as

shown in FIG. 9), or directly to base station 140. The received link quality data may permit base

station 140 to identify which of UTs 110-1 through 110-N that has the weakest direct radio

channel connection to base station 140, and identify which of UTs 110-1 through HO-N that has

the strongest direct radio channel connection to base station 140. FIG. 9 depicts relay node 130-

1 obtaining 910 link quality data associated with links to UTs 110-1 and 110-N. As further

shown in FIG. 9, relay node 130-1 may subsequently send link quality data 915 to base station

140.

The strength of the direct radio channel links between the user terminals and the serving

base station may be determined based on the received link quality information (block 805).

Base station 140 may evaluate the link quality information received in block 800, which may

include link quality information associated with direct links between UTs 110-1 through 110-N,

and may determine the relative strengths of the direct radio channel inks between UTs 110-1

through 110-N and base station 140. The user terminal with the direct radio channel link having

the weakest strength may be referred to herein as the "weak" user terminal. The user terminal

with the direct radio channel link having the strongest strength may be referred to herein as the

"strong" user terminal. FIG. 9 depicts base station 140 determining 920 connection strengths of

direct links between the UTs and base station 140.

A time division scheme may be selected from multiple time division schemes for time

dividing the uplink and/or downlink based on the determined channel link strengths (block 810).

The multiple time division schemes may include, but are not limited to, the "fair-per-node"

scheme (scheme 1) and/or "fair-per-user terminal" scheme (scheme 2), described above. The

multiple time division schemes may include, but are not limited to, the "fair-per-node" scheme

(scheme 1) and/or "fair-per-user terminal" scheme (scheme 2), described above. The plurality

of time division schemes may further include a time division scheme that attempts to equalize

delay per user terminal. The multiple time division schemes may include other time division

schemes that are, for example, based on channel quality measures of different links in the

system. For example, the other time division schemes may be based on channel quality

measures associated with the links between the user terminals and the relay node, between the

relay node and the base station and/or between the user terminals and the base station.

Selection of a time division scheme may, in some implementations, include choosing a

time division scheme that optimizes a performance measure (e.g., a parameter associated with



the network coding process). For example, as expressed in Equations (17) and ( 18) above, a

time division scheme (e.g., scheme 1 or scheme 2) may be selected that maximizes a sum

capacity and/or minimizes a generated interference. The determined channel link strengths

(block 805) may be used in block 810 to identify user terminals 110-1 through HO-N as a

"weak" user terminal or a "strong" user terminal for purposes of allocating transmission

intervals and interval lengths, as shown in FIGS. 6 and 7, and as described below with respect to

block 815. FIG. 9 depicts base station 140 selecting 925 a time division scheme from multiple

time division schemes based on determined link connection strengths.

Transmission intervals and interval lengths may be allocated to each of the user terminals

and to the relay node based on the selected time division scheme (block 815). As already

described above with respect to FIG. 6, if a "fair-per-node" time division scheme (scheme 1) is

selected, the total transmission time T may be divided into three equal time slots

T
( T1 =T2 =T =- ) where one time slot may be assigned to each node, e.g., T\ may be assigned to

user terminal 1 (e.g., UT 110-1), J may be assigned to user terminal 2 (e.g., UT 110-N) and

may be assigned to relay node 130-1. With such time slot assignments, the "strong" user

terminal (e.g., the user terminal having the strongest direct radio channel connection to base

station 140) will have access to one third of the total transmission time T, whereas the "weak"

user terminal (e.g., the user terminal having the weakest direct radio channel connection to base

station 140) will have access to the remaining two thirds of the total transmission time T (i.e.,

one third through its own transmission time, and another third through the relay node

transmission time).

As further described above with respect to FIG. 7, if a "fair-per-user terminal" time

division scheme (scheme 2) is selected, the total transmission time T may be divided into three

T
time slots ( Tx = 2T2 = 2T - — ), where time slot T\ may b e assigned to the "strong" user

terminal, time slot T2 may be assigned to the "weak" user terminal, and time slot J 3 may b e

assigned to relay node 130-1 . With the relative time division shown in FIG. 7, the "strong" user

terminal and the "weak" user terminal will each have access to half of the transmission duration

T. FIG. 9 depicts base station 140 allocating 930 transmission intervals and interval lengths to

the UTs and the selected relay node based on the selected time division scheme.

A message(s) may be sent to inform the user terminals and the relay node of their

respective allocated transmission intervals and interval lengths (block 820). The notification

message may be sent to relay node 130-1 for relaying to user terminals 110-1 through 110-N, or



messages may be sent individually to relay node 130-1, and directly to UTs 110-1 through 110-

N that inform the user terminals and relay node of their respective transmission intervals

allocated in block 815. FIG. 9 depicts base station 140 sending an exemplary notification

message 935 to relay node 130-1. Relay node 130-1 may, subsequently, relay notification

message 935 on to UTs 110-1 through HO-N (not shown). Subsequent to the exemplary

operations of FIG. 8, relay node 130-1 may network code data transmissions from UTs 110-1

through 110-N, based on the transmission time intervals and interval lengths allocated during the

exemplary operations of FIG. 8, as generally described above with respect to FIG. 5.

The foregoing description of implementations provides illustration and description, but is

not intended to be exhaustive or to limit the invention to the precise form disclosed.

Modifications and variations are possible in light of the above teachings, or may be acquired

from practice of the invention. For example, while a series of blocks has been described with

regard to FIG. 8, the order of the blocks may be modified in other implementations consistent

with the principles of the invention. Further, non-dependent blocks may be performed in

parallel.

Aspects of the invention may also be implemented in methods and/or computer program

products. Accordingly, the invention may be embodied in hardware and/or in software

(including firmware, resident software, microcode, etc.). Furthermore, the invention may take

the form of a computer program product on a computer-usable or computer-readable storage

medium having computer-usable or computer-readable program code embodied in the medium

for use by or in connection with an instruction execution system. The actual software code or

specialized control hardware used to implement the embodiments described herein is not

limiting of the invention. Thus, the operation and behavior of the embodiments were described

without reference to the specific software code - it being understood that one of ordinary skill in

the art would be able to design software and control hardware to implement the aspects based on

the description herein.

Furthermore, certain portions of the invention may be implemented as "logic" that

performs one or more functions. This logic may include hardware, such as an application

specific integrated circuit or field programmable gate array, or a combination of hardware and

software.

Even though particular combinations of features are recited in the claims and/or

disclosed in the specification, these combinations are not intended to limit the invention. In fact,

many of these features may be combined in ways not specifically recited in the claims and/or

disclosed in the specification.



It should be emphasized that the term "comprises/comprising" when used in this

specification is taken to specify the presence of stated features, integers, steps, components or

groups but does not preclude the presence or addition of one or more other features, integers,

steps, components or groups thereof.

No element, act, or instruction used in the present application should be construed as

critical or essential to the invention unless explicitly described as such. Also, as used herein, the

article "a" is intended to include one or more items. Where only one item is intended, the term

"one" or similar language is used. Further, the phrase "based on" is intended to mean "based, at

least in part, on" unless explicitly stated otherwise.



WHAT IS CLAIMED IS :

1. A method, characterized by:

determining (805) qualities of links between user terminals and a base station in a

wireless network;

selecting (810) a time division scheme from a plurality of time division schemes based

on the determined qualities of the links;

allocating (815) transmission intervals and interval lengths, based on the selected time

division scheme, to each of the user terminals and to a relay node that relays data transmissions

from the user terminals to the base station; and

notifying (820) the user terminals and the relay node of their respective allocated

transmission intervals and interval lengths.

2 . The method of claim 1, where the user terminals transmit data to the relay node based on

the allocated transmission intervals and interval lengths and the relay node network codes the

data and transmits the network coded data to the base station based on the allocated transmission

intervals and the interval lengths.

3 . The method of claim 1, where the qualities of the links include signal to noise and

interference ratios (SINRs) associated with the links between the user terminals and the base

station.

4 . The method of claim 1, where the method is implemented at the base station.

5. The method of claim 1, further comprising:

determining link qualities associated with links between the user terminals and the relay

node,

where selecting the time division scheme from the plurality of time division schemes is

further based on the determined link qualities associated with links between the user terminals

and the relay node.

6. The method of claim 5, further comprising:

determining link quality associated with a link between the relay node and the base

station,



where selecting the time division scheme from the plurality of time division schemes is

further based on the determined link quality associated with the link between the relay node and

the base station.

7 . The method of claim 1, where a first time division scheme of the plurality of time

division schemes includes a "fair-per-node" scheme in which transmission time is divided

equally among each of the user terminals and the relay node.

8. The method of claim 7, where a second time division scheme of the plurality of time

division schemes includes a "fair-per-user terminal" scheme in which transmission time is

divided equally among each of the plurality of user terminals.

9 . The method of claim 8, where a third time division scheme of the plurality of time

division schemes achieves equal delay per user terminal.

10. The method of claim 1, where selecting the time division scheme from the plurality of

time division schemes comprises:

selecting the time division scheme from the plurality of time division schemes that

maximizes a sum capacity value.

11. The method of claim 1, where selecting the time division scheme from the plurality of

time division schemes comprises:

selecting the time division scheme from the plurality of time division schemes that

minimizes generated interference associated with the user terminals, the relay node and/or the

base station.

12. A base station (140) that serves a plurality of user terminals ( 1 10) via a relay node (130)

in a cell of a wireless network, characterized by:

a time division scheme selection unit (340) configured to select a time division scheme

from a plurality of time division schemes that optimizes a parameter associated with network

coding of data transmitted between the plurality of user terminals ( 110) and the base station

(140) via the relay node (130);



a transmission allocation unit (345) configured to allocate uplink and/or downlink

transmission intervals and interval lengths, based on the selected time division scheme, to each

of the plurality of user terminals and to the relay node; and

a notification message unit (350) configured to notify the plurality of user terminals and

the relay node of their respective transmission interval and interval length allocation.

13. The base station of claim 12, further comprising:

a link quality analysis unit (330) configured to determine qualities of links between the

plurality of user terminals and the base station,

where the time division scheme selection unit is configured to select the time division

scheme from the plurality of time division schemes based on the determined link qualities.

14. The base station of claim 13, where the qualities of the links include signal to noise and

interference ratios (SINRs) associated with links between the user terminals and the base station.

15. The base station of claim 12, where a first time division scheme of the plurality of time

division schemes includes a "fair-per-node" scheme in which transmission time is divided

equally among each of the user terminals and the relay node.

16. The base station of claim 15, where a second time division scheme of the plurality of

time division schemes includes a "fair-per-user terminal" scheme in which transmission time is

divided equally among each of the plurality of user terminals.

17. The base station of claim 16, where a third time division scheme of the plurality of time

division schemes achieves equal delay per user terminal.

18. The base station of claim 12, where, when selecting the time division scheme from the

plurality of time division schemes, the time division scheme selection unit is configured to:

select the time division scheme from the plurality of time division schemes that

maximizes a sum capacity value.

19. The base station of claim 12, where, when selecting the time division scheme from the

plurality of time division schemes, the time division scheme selection unit is configured to:



select the time division scheme from the plurality of time division schemes that

minimizes generated interference associated with the user terminals, the relay node and/or the

base station.
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