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SYSTEM AND METHOD FOR RELAY NODE
FLOW CONTROL IN A WIRELESS
COMMUNICATIONS SYSTEM

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/182,360, filed on May 29, 2009,
entitled “System and Method for Relay Node Flow Control in
a Wireless Communications System,” which application is
hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to wireless
communications, and more particularly to a system and
method for relay node flow control and/or congestion control
in a wireless communications system.

BACKGROUND

[0003] A Relay Node (RN) is considered for Long Term
Evolution—Advanced (LTE-A) as a tool to improve, e.g., the
coverage of high data rates, group mobility, temporary net-
work deployment, the cell-edge throughput and/or to provide
coverage in new areas. The RN is wirelessly connected to a
wireless communications network via a donor cell (also
referred to as a donor enhanced Node B (donor eNB)). The
RN may serve as an eNB to one or more User Equipment
(UE). To UE that is being served by the RN, the RN may
appear identical to an eNB, scheduling uplink (UL) and
downlink (DL) transmissions to the UE over an access link,
which is between the RN and the UE.

[0004] ThedonoreNB may allocate a portion of its wireless
resource (both UL and DL) to the RN so that the RN may
service UEs. The wireless resource may comprise of
resources in time, frequency, code, or space domain, or a
combination thereof. The wireless resource given to the RN
may be referred to as a Relay Link (RL) and may be allocated
by the donor eNB in a dynamic manner by treating the RN as
a UE and assigning transmission opportunities based on
requests from the RN, in a persistent or semi-persistent man-
ner by reserving an amount of wireless resource for the RL, or
in a combination of both a dynamic and persistent (or semi-
persistent manner).

[0005] On the DL, the RN receives and buffers DL data
intended for UEs being served by the RN from the donor eNB
over the RL. The RN may further perform multi-user diver-
sity scheduling to prioritize the transmissions of the data to
the intended UEs over the access link, based on channel
conditions being experienced by each UE over the access
link, as well as based on other criteria, such as Quality of
Service (QoS) and fairness. To help ensure the effectiveness
of multi-user diversity scheduling, the RN needs to buffer
enough DL data for each of a significant number of UEs that
itis serving. On the other hand, it is also desirable to minimize
the amount of buffer memory required at the RN to reduce
cost, power consumption, and physical size of the RN.
[0006] On the UL, the RN receives and buffers UL data
from UEs that it is serving and then forwards the UL data to
the donor eNB over the RL.. Again, the RN may desire to use
multi-user diversity scheduling. However, in the UL case, the
multi-user diversity scheduling occurs over the access link
between the UEs and the RN. Ifa UL buffer fora UE atthe RN
becomes full, the RN may simply stop scheduling UL trans-
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missions from the UE, resulting in a smaller pool of UEs for
the RN to perform multi-user diversity scheduling.

[0007] Inboththe DL and the UL, congestion occurs when
the bufters become full. For example, in the DL, a full buffer
may lead to loss of data and/or wasted RL wireless resource,
while in the UL, a full buffer may negatively impact the RN’s
ability to fully exploit multi-user diversity scheduling.
[0008] Therefore, there is a need for a congestion avoid-
ance mechanism to prevent the donor eNB from sending more
DL data to a congested RN in order to prevent loss of data
and/or wasting valuable wireless resource as well as to enable
the RN’s ability to exploit multi-user diversity scheduling of
transmissions from the UEs.

SUMMARY OF THE INVENTION

[0009] These and other problems are generally solved or
circumvented, and technical advantages are generally
achieved, by embodiments of a system and method for relay
node flow control and/or congestion control in a wireless
communications system.

[0010] In accordance with an embodiment, a method for
operating a relay in a communication system is provided. The
method includes determining a buffer status of a buffer for
data to be transmitted on a communications channel allocated
from network resources controlled by a communications con-
troller, determining a consumption rate or a filling rate for the
buffer, determining buffer status information based on the
buffer status and either the consumption rate or the filling rate
for the buffer, and transmitting the buffer status information
to the communications controller.

[0011] In accordance with another embodiment, a method
for controller operation is provided. The method includes
receiving, from a relay device, buffer status information for a
buffer at the relay device, and adjusting a network resources
allocation for a communications channel associated with the
buffer based on the buffer status information. The buffer
status information includes a buffer status of at least one
uplink buffer and at least one downlink buffer at the relay
device, and the communications channel is allocated from
network resources controlled by the controller.

[0012] In accordance with another embodiment, a relay is
provided. The relay includes a receiver, a transmitter, uplink
buffers coupled to the receiver and to the transmitter, down-
link buffers coupled to the receiver and to the transmitter, and
a controller coupled to the uplink buffers, to the downlink
buffers, to the transmitter, and to the receiver. The receiver
receives signals detected by the receive antenna, and the
transmitter transmits signals with the transmit antenna. The
uplink buffers stores data for uplink communications chan-
nels allocated from network resources controlled by a com-
munications controller, and the downlink buffers stores data
for downlink communications channels allocated from the
network resources controlled by the communications control-
ler. The controller determines a buffer status for the uplink
buffers and the downlink buffers, computes buffer status
information from the buffer status, and transmits the buffer
information to the communications controller.

[0013] An advantage of an embodiment is that network
resources donated to a relay for relay operation may be
adjusted using buffer status information and channel infor-
mation to optimize data throughput, network resource utili-
zation, multi-user diversity scheduling, and so forth.

[0014] A further advantage of an embodiment is that chan-
nel information from communications devices remote to a
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donor device may be used to adjust a network resource allo-
cation made by the donor device, therefore, the network
resource allocation may be made based on the communica-
tions devices’ ability to produce and/or consume information.
[0015] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present invention in
order that the detailed description of the embodiments that
follow may be better understood. Additional features and
advantages of the embodiments will be described hereinafter
which form the subject of the claims of the invention. It
should be appreciated by those skilled in the art that the
conception and specific embodiments disclosed may be
readily utilized as a basis for modifying or designing other
structures or processes for carrying out the same purposes of
the present invention. It should also be realized by those
skilled in the art that such equivalent constructions do not
depart from the spirit and scope of the invention as set forth in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For a more complete understanding of the embodi-
ments, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0017] FIG. 1 is a diagram of a communications system;
[0018] FIG. 2 is a diagram of a wireless portion of the
communications system;

[0019] FIG. 3 is a diagram of a relay;

[0020] FIG. 4 is a flow diagram of donor eNB operations in
relay link flow control; and

[0021] FIG. 5is a flow diagram of relay node operations in
relay link flow control.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0022] The making and using of the embodiments are dis-
cussed in detail below. It should be appreciated, however, that
the present invention provides many applicable inventive
concepts that can be embodied in a wide variety of specific
contexts. The specific embodiments discussed are merely
illustrative of specific ways to make and use the invention,
and do not limit the scope of the invention.

[0023] FIG. 1 illustrates a communications system 100.
Communications system 100 includes a number of eNBs,
such as eNB 105, eNB 106, and eNB 107. The eNBs may be
connected to a mobility management entity (MME) such as
MME 110 for the control-plane and to a serving gateway
(S-GW) such as S-GW 111 for the data-plane. The connec-
tion between an eNB and a MME or an S-GW may be a wired
high-speed connection. The eNBs may also be connected to
each other by wired high-speed connections. The wired high-
speed connections between the eNBs and the MMEs/S-GWs
may be referred to as a wired backhaul.

[0024] Communications system 100 also includes a num-
ber of RNs, such as RN 115 and RN 116. As discussed earlier,
a RN may be used to improve data transfer rates, mobility,
coverage, throughput, and so forth. Since a RN may be
intended as a low cost alternative to an eNB, a RN may not be
directly connected to the wired backhaul. Rather, a RN may
be connected to the wired backhaul through a wireless con-
nection to an eNB, wherein the eNB that is being used to
wirelessly connect the RN is referred to as a donor eNB. For
example, RN 115 may be connected to the wired backhaul
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through a wireless link provided by eNB 105. Aside from the
lack of the direct link to the wired backhaul, a RN may
function as another eNB in communications system 100.
[0025] Communications system 100 also includes one or
more UEs, such as UE 120 and UE 121. A UE may be served
by one or more eNB(s) or RN(s) over a wireless link(s), with
communications to and from the UE having to flow through
the eNB(s) or RN(s). To the UE receiving service, an eNB or
RN may be functionally equivalent. When the UE has infor-
mation to transmit, the UE must request wireless resource and
cannot transmit until it has received a grant of the wireless
resource. Similarly, when there is information for the UE, the
information may not be sent to the UE until wireless resource
has been allocated for the information. The UE may receive
the wireless resource grants from an eNB or RN servicing it.
[0026] FIG. 2 illustrates a portion of a communications
path in communications system 100. The portion of a com-
munications path shown includes eNB 105, RN 116, and UE
120, i.e., the wireless portion of communications system 100.
In general, the wireless portion of communications system
100 may have the lowest available bandwidth with the highest
cost per bandwidth. Therefore, efficient use of available wire-
less resource is preferred.

[0027] UE 120 includes one or more UL buffers, for
example, UL buffer 1 205 may be used to store UL data for a
first class of traffic and UL bufter 2 206 may be used to store
UL data for a second class of traffic, and so forth. Alterna-
tively, UE 120 may have a single UL buffer that may be used
to store UL data for UE 120 independent of traffic class.
[0028] RN 116 may have one or more UL buffers for each
UE that it is serving, for example, UE UL buffer 1 210 may be
used to store UL data for a first class of traffic from UE 120
and UE UL buffer 2 211 may be used to store UL data for a
second class of traffic from UE 120. Alternatively, RN 116
may have a single UL buffer that may be used to store UL data
from UE 120 independent of traffic class. UL data stored in
the RN UL buffers may then be provided to eNB 105 over a
RL. The wireless resource of the RL. may be controlled by
eNB 105.

[0029] RN 116 may have one or more DL buffers for each
UE that it is serving, for example, UE DL buffer 1 215 may be
used to store DL data for a first class of traffic for UE 120 and
UE DL buffer 2 216 may be used to store DL data fora second
class of traffic for UE 120. Alternatively, RN 116 may have a
single DL buffer that may be used to store DL data for UE 120
independent of traffic class. eNB 105 may provide DL data
for the UEs to RN 116 over the RL.

[0030] FIG. 3 illustrates a RN 300. RN 300 may be repre-
sentative of a relay node used to relay transmissions from/to
an eNB as well as to/from a UE. RN 300 may be used in
communications system, as RN 116, for example.

[0031] RN 300 may have at least one antenna 302. Antenna
302 may serve as both a transmit antenna and a receive
antenna. Alternatively, RN 300 may have separate transmit
and receive antennas. RN 300 may have equal numbers of
transmit antennas and receive antennas or RN 300 may have
a different number of transmit antennas and receive antennas.
[0032] Coupled to antenna 302 may be a transmitter 305
used to transmit information over the air using antenna 302.
Transmitter circuitry 307 coupled to transmitter 305 may
provide signal processing for information being transmitted.
Examples of signal processing provided by transmitter cir-
cuitry 307 may include filtering, amplifying, modulating,
error encoding, parallel-to-serial converting, interleaving, bit
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puncturing, and so forth. Also coupled to antenna 302 may be
a receiver 310 used to receive information detected by
antenna 302. Receiver circuitry 312 coupled to receiver 310
may provide signal processing for received information.
Examples of signal processing provided by receiver circuitry
312 may include filtering, amplifying, demodulating, error
detecting and correcting, serial-to-parallel converting, de-
interleaving, and so on.

[0033] A controller 315 may be a processing unit respon-
sible for executing applications and programs, controlling
operations of various components of RN 300, interacting with
a donor eNB as well as UEs served by RN 300, and so forth.
In addition to the above listed operations, controller 315 may
be responsible for performing flow control of connections to
RN 300 and from RN 300. RN 300 includes a memory 320 for
storing applications and data.

[0034] Controller 315 includes a buffer status unit 335 that
may be used to generate buffer status information based on a
state of buffers, such as DL buffers 350 and UL buffers 355,
used to buffer information for UEs served by RN 300. DL
buffers 350 may be used to buffer information that is received
from the donor eNB to be sent to the UEs and UL buffers 355
may be used to buffer information that is received from the
UEs to be sent to the donor eNB. As examples, buffer status
unit 335 may generate buffer status information based on an
amount of information in a buffer, an amount of empty space
in the buffer, a percentage full or empty of the buffer, a fill rate
(also referred to as a filling rate) for the buffer, an empty rate
(also referred to as a consumption rate) for the buffer, and so
forth. For example, buffer status unit 335 may provide the
buffer status information in a binary form, either full (or
almost full) or empty (or almost empty), or a multi-bit form,
either full, almost full, partly full, half full, partly empty,
almost empty, empty, and so forth.

[0035] According to an embodiment, the fill rate of a buffer
on an uplink may be based on a data throughput for a UE
associated with the buffer. Furthermore, the fill rate of the
buffer may also be based on a data throughput for RN 300 as
RN 300 transmits data from the buffer to the donor eNB.
[0036] According to an embodiment, the empty rate for a
buffer on a downlink may be based on a data throughput for a
UE associated with the buffer. Additionally, the empty rate of
the buffer may also be based on a data throughput for a donor
eNB as the donor eNB transmits data to RN 300 destined for
the UE.

[0037] Thresholds may be used to determine the buffer
status information, for example. A buffer threshold unit 343
may be used to specify thresholds to determine a state of a
buffer. For example, buffer threshold unit 343 may specify
that a buffer is to be in an almost full state if it is more than
85% full or the buffer is to be in an almost empty state if it is
less than 15% full. Buffer threshold unit 343 may specify
multiple thresholds, depending on the nature of the buffer
status information, e.g., binary form or multi-bit form. A
threshold compare unit 345 may be used to compare buffer
information against the thresholds specified by buffer thresh-
old unit 343.

[0038] According to an embodiment, controller 315 may
provide buffer status information in a raw form. For example,
controller 315 may provide an amount of data contained in a
buffer along with a fill rate or a consumption rate and allow a
recipient of the buffer status information to infer a current
status of the buffer and/or to project a status of the buffer at a
future time.
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[0039] Furthermore, controller 315 may provide bufter sta-
tus information for each individual butfer (UL, DL, and/or
both) or buffer status information may be aggregated together
by information aggregate unit 337. Aggregating the buffer
status information may help to reduce overhead by reducing
am amount of buffer status information that needs to be trans-
mitted. For example, controller 315 may provide buffer status
information for all UL buffers, for all DL buffers, for UL
and/or DL buffers for a particular class of traffic or type of
UE, or so on.

[0040] In addition to providing buffer status information
regarding a full or empty state of a buffer, controller 315
through buffer time compute unit 339 may provide buffer
status information in a time value format. For example, buffer
time compute unit 339 may provide an expected time that a
buffer will fill or empty based on its current state and fill rate
or consumption rate. The fill rate or consumption rate may be
obtained from usage history for the buffer, from channel
quality information, or a combination thereof.

[0041] The fill rate or consumption rate may be based on an
average of transmissions made or received by UE, for
example. The fill rate or consumption rate determined based
on usage history may differ based on different operating
conditions, such as time of day, number of communications
devices present in the communications system, traffic type
and load, and so forth. Therefore, different fill rates or con-
sumption rates may be determined and a particular fill rate or
consumption rate may be selected based on a current opera-
tion condition of the communications system.

[0042] The channel quality information on the downlink
direction of the access link may be reported by a UE associ-
ated with the downlink buffer from measurements made by
the UE. The channel quality information on the uplink direc-
tion of the access link is measured by RN 300 for a UE
associated with the uplink buffer. The measurement of chan-
nel quality information by a communications device, either a
UE or a donor eNB, is considered to be well known by those
of'ordinary skill in the art of the embodiments. Therefore, the
measurement of channel quality information will not be dis-
cussed further herein.

[0043] Asdiscussed above, the channel quality information
may be used to obtain a fill rate or a consumption rate. For
example, if the channel quality information indicates that the
channel quality is high, it may be expected that the fill rate or
consumption rate will also be high. Similarly, if the channel
quality information indicates that the channel quality is low, it
may be expected that the fill rate or consumption rate will also
be low. An achievable rate unit 341 may be used to determine
the fill rate or the consumption rate from historical informa-
tion, e.g., usage history, from the channel quality information,
or a combination thereof.

[0044] RN 300 also includes UE buffer status store 360 that
may be used to store information regarding buffer status of
UEs served by RN 300. Information for UL buffers from each
UE may be stored at RN 300, which may be used to supple-
ment buffer status information generated and reported by RN
300 to the donor eNB.

[0045] As anexample, RN 300 may receive reports regard-
ing buffer status from UEs served by RN 300. Bufter status
unit 335 may make use of the buffer status of the UEs received
by RN 300 and stored in UE buffer status store 360 to generate
buffer status information, such as filling rate, consumption
rate, or a combination thereof, which may be provided to the
donor eNB.
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[0046] RN 300 further includes a message generate unit
365 that may be used to generate messages to transmit buffer
status information. Message generate unit 365 may generate
messages to convey buffer status information to a donor eNB.
Message generate unit 365 may simply generate messages
containing the buffer status information. Alternatively, mes-
sage generate unit 365 may only include buffer status infor-
mation for buffers whose state has changed, buffers thatare in
danger of filling or emptying, buffers whose buffer status
information has not been updated in a specified amount of
time, and so forth, to reduce messaging overhead.

[0047] Message generate unit 365 may also further reduce
messaging overhead by piggy backing the buffer status infor-
mation on a transmission already being transmitted to the
donor eNB, such as a Hybrid Automatic Repeat Request
(HARM) ACK/NACK transmission. Additionally, multiple
buffer status information messages may be concatenated
together to reduce a number of messages transmitted.
[0048] A detailed description of the operation of RN 300 is
provided below.

[0049] FIG. 4 illustrates a flow diagram of donor eNB
operations 400 in RL flow control. Donor eNB operations 400
may be indicative of operations taking place in a donor eNB,
such as eNB 105, for RL flow control based on buffer status
information (UL or DL or both) from a RN, such as RN 116,
wirelessly coupled to the donor eNB. The donor eNB donates
a portion of its available wireless resource to provide a RL
(UL or DL or both) to the RN, to simulate a wired connection
from the RN to the wired backhaul.

[0050] Donor eNB operations 400 may occur periodically,
at specified intervals, for example. Alternatively, donor eNB
operations 400 may occur when the donor eNB receives a
transmission of buffer status information, which may occur
periodically at specified intervals or when the RN detects that
it has buffers that are full (or almost full) or empty (or almost
empty).

[0051] To efficiently use wireless resources, the donor eNB
may adjust its wireless resource allocation to the R, based on
buffer status information provided by the RN. If the donor
eNB allocates more DL wireless resources to the RL than
needed, then the DL wireless resources may be wasted as well
as potentially keeping DL buffers at the RN filled (or about
filled) level, and potentially resulting in data loss if UEs being
served by the RN cannot consume (i.e., transmit to the
intended UE) the DL data at a sufficient rate. Similarly, if too
little UL wireless resources are allocated to the RL, then the
UL buffers at the RN may be kept in the filled (or about filled)
level, which may require the RN to stop scheduling UL trans-
missions from a UE or UEs and negatively impacting the
RN’s ability to fully exploit multi-user diversity scheduling.
The donor eNB may adjust its wireless resource allocation to
the RLL dynamically through scheduling. Alternatively, the
donor eNB may adjust its wireless resource allocation to the
RL semi-statically.

[0052] Donor eNB operations 400 may begin with the
donor eNB receiving buffer status information from the RN
(block 405). The buffer status information from the RN may
include DL buffer status information, UL buffer status infor-
mation, or both DL buffer status information and UL buffer
status information. The buffer status information may provide
information about the status of each buffer at the RN. For
example, if the RN includes a buffer for each class of traffic
for each UE that it is serving, then the RN may provide a
buffer status for each buffer.
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[0053] Alternatively, the RN may aggregate the buffer sta-
tus information for each UE that it is servicing (independent
of'traffic class) and provide the aggregated status information
per UE to the donor eNB. Alternatively, the RN may aggre-
gate the buffer status information for all of the UEs that it is
servicing based on traffic class and provide the aggregated
status information per traffic class to the donor eNB. Alter-
natively, the RN may aggregate the buffer status information
for all of the UEs that it is servicing based on UL/DL and
provide the aggregated status information per link direction to
the donor eNB.

[0054] According to an embodiment, in order to efficiently
utilize wireless resources, i.e., reduce overhead, the RN may
provide buffer status information for buffers only if they
exceed a specified threshold since providing buffer status
information for buffers that are not full or empty may need-
lessly waste wireless resources on information that may not
be used. For example, the RN will transmit buffer status
information for a bufter if the buffer is filled (or near filled) or
empty (or near empty). If the buffer is neither filled nor empty,
then the RN may not provide its buffer status information to
the donor eNB.

[0055] In an alternative embodiment, rather than binary
operation (filled/empty), multiple buffer status thresholds
may be used to convey additional information to the donor
eNB. Multiple bits of information may be used to indicate the
status of the buffer. For example, two-bits of information may
be used to indicate the status of the buffer, with <00 indicat-
ing that the buffer is empty, “01” indicating that the buffer is
almost empty (e.g., less than 15 percent filled), “10” indicat-
ing that the buffer is almost filled (e.g., more than 85 percent
filled), and “11” indicating that the buffer is filled. The num-
ber of bits used to convey buffer status information may be
based on factors such as desired accuracy, available wireless
resources for conveying buffer status information to the eNB,
number of buffers in use, and so forth. Therefore, the use of
two-bits of buffer status information, and filled, 85% filled,
15% filled, and empty are merely for illustrative purposes and
should not be construed as being limiting to either the scope
or spirit of the embodiments.

[0056] In an alternative embodiment, rather than providing
information about the amount of information in a buffer, the
RN may provide an expected time to buffer starvation for a
buffer to the donor eNB. The expected time to buffer starva-
tion for a buffer may be defined as an amount of time when the
data stored in the bufter is expected to be consumed, i.c. to be
transmitted. The expected time to buffer starvation may be a
function of the amount of data stored in the buffer and an
expected consumption rate. For example, if a DL buffer has
500kBytes of data stored and a UE has an expected consump-
tion rate of 100 kBytes per millisecond, then the expected
time to buffer starvation for this buffer/UE pair is 500 kBytes/
100 kBytes/millisecond or 5 milliseconds.

[0057] The expected consumption rate of a UE may be
obtained from recent data throughput history for the UE or a
channel quality information reported or measured from the
UE. As an example, a channel with a high channel quality is
expected to have a higher consumption rate than a channel
with a low channel quality. Potentially, historical information
of consumption rates as a function of channel quality infor-
mation may be used to determine consumption rate from
channel quality information. Reporting the expected time to
buffer starvation may be able to provide a sense of urgency or
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time scale for the donor eNB to allocate RL resources to re-fill
the buffer for the UE before it becomes empty.

[0058] In yet an alternative embodiment, rather than pro-
viding information about the amount of information in a
buffer, the RN may provide an expected time to buffer con-
gestion for a buffer to the donor eNB. The expected time to
buffer congestion for a buffer may be defined as an amount of
time when the unoccupied portion of the buffer is expected to
be consumed, i.e. to be filled up with data. The expected time
to buffer congestion may be a function of the amount of
unoccupied portion of the buffer and the expected consump-
tion rate (or fill rate). As with the consumption rate, the fill
rate may be obtained from historical data or channel quality
information. Reporting the expected time to buffer conges-
tion may be able to provide a sense of urgency or time scale
for the donor eNB to allocate RL resources to empty the RN
buffer for the UE before it becomes congested.

[0059] In yet another alternative embodiment, instead of
performing computation of the expected time to buffer star-
vation (or the expected time to buffer congestion) information
by itself, the RN may transmit an amount of data stored in a
buffer (or anamount of unoccupied portion in a bufter) and an
expected consumption rate or fill rate to the donor eNB and let
the donor eNB compute the expected time to buffer starvation
(or the expected time to buffer congestion) itself. Addition-
ally, if an expected consumption rate or fill rate for a buffer
has not changed, then the RN may simply transmit the amount
of data stored in the buffer (or the amount of unoccupied
portion in a buffer) and the donor eNB may use the expected
consumption rate previously transmitted by the RN.

[0060] A motivation for providing the donor eNB with the
information of the expected consumption rate or fill rate for a
UE over the access link, explicitly or implicitly (e.g. by
reporting the expected time information) may be to enable the
donor eNB to regulate the rate of data flow over the RL to
better match the potentially achievable rate of data flow over
the access link for the UE. For that reason, it may be more
suitable for an RN to report the expected time to buffer star-
vation for DL operation and it may be more suitable foran RN
to report the expected time to bufter congestion for UL opera-
tion.

[0061] In general, in any communications network, a tech-
nique of providing the information pertaining to the achiev-
able rate for an end user that is at the edge or downstream of
a communication network (in addition to the buffer level
information at the edge or downstream node of the commu-
nication network for the end user) may help the network
nodes upstream to the end user that otherwise does not have
such information to regulate the rate of data flow between
various network nodes to better match the achievable rate for
the end user. For example, consider a first group of wireless
transceiver nodes formed in a first wireless Ad-hoc network
with one wireless transceiver node of the first group function-
ing as a first wireless gateway to organize the communica-
tions among the member nodes of the first group, and as a
gateway to help them to communicate with a second wireless
gateway of a second wireless Ad-hoc network or to commu-
nicate with an access point which is further connected with a
wired network.

[0062] In the situation as described, the second wireless
gateway or the access point normally does not have the
knowledge of the topology nor the channel conditions
between the member nodes of the first group, thereby it does
not have the knowledge of the achievable rate for delivering
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data to a particular member node of the first group, even if it
is about to deliver data to this particular member node of the
first group via the first wireless gateway. However, the first
wireless gateway may have this knowledge as it is in charge of
the first wireless Ad-hoc network.

[0063] Since the topology of the first wireless Ad-hoc net-
work may change over time depending on the busy/non-busy
status of each member node as well as depending on the radio
channel conditions between the various member nodes, the
achievable rate for delivering data to a particular member
node of the first group may change as the topology changes
even if there is no mobility among the member nodes of the
first group. Therefore, it may be advantageous for the first
wireless gateway to provide the information of the achievable
rate for delivering datato a particular member node within the
first wireless Ad-hoc network to the second wireless gateway
or to the access point. The achievable rate for delivering data
may be provided in addition to buffer level information at the
first wireless gateway for this particular member node of the
first group.

[0064] The information of the achievable rate may be pro-
vided explicitly or implicitly, e.g., by translating the rate
information and the buffer level information into time infor-
mation. The information of the achievable rate may be pro-
vided regularly or based on events, such as when the network
topology is changed or when the channel conditions between
network nodes change. The second wireless gateway or the
access point can use the information to regulate the rate of
data flow to or from the first wireless gateway for data that is
intended for the particular member node of the first group to
better match with the achievable rate for delivering data to the
particular member node of the first group within the first
wireless Ad-hoc network.

[0065] Furthermore, within the first wireless Ad-hoc net-
work, the data intended for a particular member node may be
channeled through a plurality of member nodes before reach-
ing the particular member node. Therefore, it may be advan-
tageous for an intermediate node along a data-delivery path to
provide its upstream node with the information of the achiev-
able rate for deliver data to its downstream node in addition to
the buffer level information at the intermediate node for the
downstream node, so that the upstream node can regulate the
rate of data flow to the intermediate node that is intended for
the downstream node to better match the achievable rate for
delivering data from the intermediate node to the downstream
node.

[0066] The same inventive techniques described above may
be applied to a communication network with interconnec-
tions based on wired media, radio wave, acoustic wave (e.g.
for underwater communications), infrared, visible light, or a
combination thereof. Therefore, the discussion of wireless
communications should not be construed as being limiting to
either the scope or the spirit of the embodiments.

[0067] Inanother alternative embodiment, the RN may also
further indicate the UL buffer status reported from each UE
(in addition to its own UL buffers for each of the UEs) as well
as potential UL throughput that may be achievable over the
UL access links between the RN and the UEs. The additional
information may allow the donor eNB to more effectively and
efficiently manage the UL RL. For example, the division of
wireless resources between the RL. and the access link may be
reconfigured using the additional information.

[0068] In an additional alternative embodiment, the RN
may also indicate its UL data buffer status for one or more
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individual UEs in order to give these UEs preferential allo-
cation from the donor eNB on the RL.

[0069] Once it receives buffer status information from the
RN, the donor eNB may alter the RL. based on the buffer status
information. For example, the donor eNB may determine if
the buffer status information is for the UL buffers (block 410)
and alter the wireless resource allocation for the UL of the RL
based on the UL buffer status information (block 415). For
example, if the UL buffer status information indicates that the
UL buffers are full (or almost full), then the donor eNB may
increase the wireless resources allocated to the UL RL to
allow the RN to transmit more UL data to the donor eNB.
Increasing the wireless resources allocation may help to
decrease the amount of data being stored in the UL buffers at
the RN. While, if the UL buffer status information indicates
that the UL buffers are empty (or almost empty), then the
donor eNB may decrease the wireless resources allocated to
the UL RL to allow the RN to transmit less UL data to the
donor eNB. Decreasing the wireless resources allocation may
free up the donor eNB’s wireless resources for other use, such
asincreasing DL RL wireless resources allocation, increasing
wireless resources for UEs being served directly by the donor
eNB, and so forth.

[0070] While, if the buffer status information is for the DL
buffers (block 410), then the donor eNB may alter the wire-
less resource allocation for the DL of the RL based on the DL
buffer status information (block 420). For example, if the DL,
buffer status information indicates that the DL buffers are full
(or almost full), then the donor eNB may decrease the wire-
less resources allocated to the DL RL to prevent data loss at
the RN as the DL buffers fill. The donor eNB may decrease
the wireless resources allocation of the DL RL across the
board or the donor eNB may select the UEs of the DL buffers
that are full and not forward DL data for only the selected
UEs, while continuing to transmit DL data for UEs with DL,
buffers that are not full (or even increasing the transmissions
of those UEs).

[0071] Ifthe DL buffer status information indicates that the
DL buffers are empty (or almost empty), then the donor eNB
may increase the wireless resources allocation of the DL RLL
or the donor eNB may select the UEs having the empty DL
buffers and increase the transmissions of the selected UEs.
Alternatively, the donor eNB may increase the priority of the
transmissions of the selected UEs, which may allow the trans-
missions of the selected UEs greater access to the DL RL. In
an embodiment where the RN DL buffer statuses for the
selected UEs are reported with the content of expected times
to buffer starvation or the expected consumption rates are also
provided to the donor eNB, the donor eNB can optimize the
transmission rates to the selected UEs in order to re-fill the
RN DL buffers for these UEs.

[0072] The donor eNB may react to the buffer status infor-
mation (UL or DL) in a binary manner, such as described
above, or the donor eNB may map the buffer status informa-
tion into a probability value for a certain reaction. Then the
donor eNB generates a random value between 0 and 1, com-
pare it with the probability value, and react accordingly. For
example, if the buffer status information reports multiple bits
of buffer status information per buffer, then the donor eNB
may be able to generate a probability value using the multiple
bits of buffer status information. For instance, if the RN
reports the buffer status information for two DL buffers, with
a first buffer being reported as closer to being at a full level
than a second buffer, the donor eNB may assign a higher
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probability to decrease the rate for DL data transmissions to
the first buffer than the probability assigned to decrease the
rate for the second buffer.

[0073] With the donor eNB receiving the buffer status
information and making any adjustments to the RL based on
the buffer status information, donor eNB operations 400 is
complete and may then terminate.

[0074] FIG. 5 illustrates a flow diagram of RN operations
500 in RL flow control. RN operations 500 may be indicative
of operations taking place in a RN, such as RN 116, for RL
flow control based on buffer status information (both UL and
DL) at a donor eNB, such as eNB 105, wherein the eNB 105
and the RN 116 are wireless coupled. The donor eNB donates
a portion of its available wireless resource to provide a RL
(both UL and DL) to the RN, to simulate a wired connection
from the RN to the wired backhaul.

[0075] RN operations 500 may occur periodically, at speci-
fied intervals, for example. Alternatively, RN operations 500
may occur when the RN detects that it has buffers that are full
(or almost full), empty (or almost empty), or at a specified
buffer status.

[0076] RN operations 500 may begin with the RN deter-
mining the buffer status of its buffers (block 505). For
example, the RN may determine the amount of data stored in
each of its DL and UL buffers. Alternatively, the RN may
aggregate its buffers based on UE, traffic class, link direction
(DL or UL), or a combination thereof.

[0077] Onceithas determined the buffer status, the RN may
compute buffer status information from the buffer status
(block 510). For example, from the amount of data stored in
a buffer, the RN may compute a percentage of the buffer that
is full or empty, an indication of the amount of data stored in
the buffer, an expected time to buffer starvation or to buffer
congestion for the buffer, or so on.

[0078] The RN may then transmit the buffer status infor-
mation to the donor eNB (block 515). The RN may directly
transmit the buffer status information to the donor eNB using
a Media Access Control (MAC) control Protocol Data Unit
(PDU) or a Radio Resource Control (RRC) message, for
example. Alternatively, the RN may transmit the buffer status
information to the donor eNB if the buffer status information
exceeds a threshold. For example, the RN may transmit the
buffer status information to the donor eNB if the buffer status
information indicates that the buffer is full or empty (or
almost full or almost empty), if the buffer will be empty
(consumed) within a specified amount of time, or so forth. If
the buffer status information indicates that the buffer is not
full or empty, or will not be empty within a specified amount
of time, and so on, then the RN may not transmit the buffer
status information to the donor eNB.

[0079] In an alternative embodiment, rather than directly
transmitting the buffer status information to the donor eNB in
a separate transmission, the RN may piggy back the buffer
status information on a transmission already being transmit-
ted to the donor eNB. For example, the buffer status informa-
tion may be piggy backed onto an ACK/NACK transmission
that is being sent to the donor eNB from the RN for received
DL data (as part of a Hybrid Automatic Repeat Request
(HARM) operation).

[0080] In another alternative embodiment, to reduce the
number of transmissions to the donor eNB, the RN may
concatenate the buffer status information of multiple UEs into
a single message and transmit the single message to the donor
eNB using a Media Access Control (MAC) control Protocol
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Data Unit (PDU) or a Radio Resource Control (RRC) mes-
sage, for example. Alternatively, a Scheduling Request Indi-
cator (SRI) message may be used to convey buffer status
information to the eNB. For example, the SRI message may
be used to request additional or less wireless resource in the
RL for UL, or DL, or for both UL and DL.

[0081] Alternatively, an LTE Release 8 Buffer Status
Report (BSR) message may be used to transmit the concat-
enated buffer status information. The use of the BSR message
may include a reinterpretation of the information contained in
the BSR message. For example, a BSR message contains
information for four Logical Channel Groups (LCG). The
LCGs may be modified or reinterpreted to convey buffer
status information for a number of different groups of UEs, a
number of different groups of'traffic classes, and so forth. The
BSR message may be used to convey buffer status informa-
tion for UL, or DL, or both UL and DL.

[0082] Exemplary message formats may include:

[0083] a bitmap that may include normal level and also
suitable for conveying consumption time, the bitmap
pattern may be known at both RN and eNB;

[0084] Nx(UE_ID+1-bit full/empty) with implicit indi-
cation of normal buffer level, where N is the number of
UEs;

[0085] Nx(UE_ID+M-bit expected time) with implicit
indication of normal expected times, where N is the
number of UEs;

[0086] Nx(UE_ID+K-bitamount of data in buffer+L-bit
UE consumption rate), where N is the number of UEs,
data in buffer is the amount of data in the buffer for the
UE, and consumption rate is the UE’s consumption rate.

[0087] In yet another alternative embodiment, a combina-
tion of buffer status information piggy backing and concat-
enation of buffer status information for multiple UEs into a
message may be used. For example, it may be possible to
piggy back buffer status information for UE who have just
received DL data transmissions into an ACK/NACK
response, while for UEs who have not received a DL data
transmission, their concatenated buffer status information
may be placed into a message and transmitted to the donor
eNB.

[0088] With the RN transmitting the buffer status informa-
tion to the donor eNB, RN operations 500 may then terminate.
[0089] Advantageous features of embodiments of the
invention may include: A method for relay operation, the
method comprising: determining a buffer status of a data
buffer; computing a buffer status information based on the
buffer status; and transmitting the buffer status information to
a donor device. The method could further include, wherein
determining a buffer status comprises measuring an amount
of data buffered in the data buffer. The method could further
include, wherein determining a buffer status comprises mea-
suring an amount of unoccupied portion in the data buffer.
The method could further include, wherein computing a
buffer status information comprises computing a percentage
full of the data buffer. The method could further include,
wherein computing a buffer status information comprises
computing a consumption time of the data buffer. The method
could further include, wherein the consumption time of the
data buffer comprises an amount of data buffered in the data
buffer divided by a consumption rate for the data buffer. The
method could further include, wherein the consumption rate
is determined from a channel quality indicator that is reported
by a radio device associated with the data buffer. The method
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could further include, wherein the consumption rate is deter-
mined from a history of a data throughput for a radio device
associated with the data buffer. The method could further
include, wherein the consumption time of the data buffer
comprises an amount of unoccupied portion of the data buffer
divided by a consumption rate for the data buffer. The method
could further include, wherein the consumption rate is deter-
mined from a channel quality indicator that is reported by a
radio device associated with the data buffer. The method
could further include, wherein the consumption rate is deter-
mined from a history of data throughput for a radio device
associated with the data buffer. The method could further
include, wherein there are multiple data buffers, and wherein
determining the buffer status comprises aggregating a buffer
status for at least two data buffers. The method could further
include, wherein the at least two data buffers are associated
with a single radio device. The method could further include,
wherein the at least two data buffers are associated with a
single traffic class. The method could further include,
wherein transmitting the buffer status information comprises
piggy backing the buffer status information onto a message.
The method could further include, wherein the message com-
prises an ACK/NACK transmission from a Hybrid Automatic
Repeat Request operation. The method could further include,
wherein transmitting the buffer status information comprises:
concatenating more than one buffer status information onto a
message; and transmitting the concatenated buffer status
information message to the donor device. The method could
further include, wherein more than one buffer status informa-
tion includes at least one buffer status information for a first
radio device and at least one buffer status information for a
second radio device. The method could further include,
wherein more than one buffer status information includes at
least one buffer status information for a first traffic class and
atleast one buffer status information for a second traffic class.
The method could further include, wherein more than one
buffer status information includes at least one buffer status
information for a downlink communication direction and at
least one buffer status information for an uplink communica-
tion direction.

[0090] Advantageous features of embodiments of the
invention may include: A method for donor device operation
wirelessly coupled to a relay device, the method comprising
receiving buffer status information, wherein the buffer status
information comprises a buffer status of at least one of the
uplink (UL) and downlink (DL) buffers at the relay device.
The method could further include, further comprising caus-
ing the donor device to adjust a link between the donor device
and the relay device based on the received buffer status infor-
mation. The method could further include, wherein causing
the donor device to adjust a link comprises: increasing a
wireless resource allocation for a UL portion of the link in
response to determining that the UL buffer is full; and altering
a wireless resource usage for a DL portion of the link in
response to determining the DL buffer is full. The method
could further include, wherein causing the donor device to
adjust a link further comprises decreasing the wireless
resource allocation for the UL portion of the link in response
to determining that the UL buffer is empty. The method could
further include, wherein there are multiple DL buffers, and
wherein altering a wireless resource usage comprises sus-
pending DL transmissions to DL buffers that are full. The
method could further include, wherein suspending DL trans-
missions comprises decreasing a priority of DL transmissions
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to DL buffers that are full. The method could further include,
wherein altering a wireless resource usage further comprises
increasing DL transmissions to DL buffers that are not full.
The method could further include, wherein the increasing DL
transmissions comprises increasing a priority of the DL trans-
missions to DL buffers that are not full. The method could
further include, wherein receiving buffer status information
comprises receiving the buffer status information piggy
backed on a received message. The method could further
include, wherein the received message comprises an ACK/
NACK transmission from a Hybrid Automatic Repeat
Request operation. The method could further include,
wherein receiving buffer status information comprises
receiving a buffer status report message. The method could
further include, wherein there are multiple buffers, and
wherein receiving a buffer status report message comprises
receiving concatenated buffer status information for the mul-
tiple buffers on the received buffer status report message. The
method could further include, wherein receiving buffer status
information comprises receiving a service request indication
message. The method could further include, wherein the
buffer status information reports a multi-bit value indicating
the status of the buffer, and wherein causing the donor device
to adjust a link comprises the donor device to adjust the link
based on a degree of buffer fullness.

[0091] Although the embodiments and their advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure of the present
invention, processes, machines, manufacture, compositions
of'matter, means, methods, or steps, presently existing or later
to be developed, that perform substantially the same function
or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present invention. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. A method for operating a relay in a communication
system, the method comprising:

determining a buffer status of a buffer for data to be trans-

mitted on a communications channel allocated from net-
work resources controlled by a communications control-
ler;

determining a consumption rate or a filling rate for the

buffer;

determining buffer status information based on the buffer

status and either the consumption rate or the filling rate
for the buffer; and

transmitting the buffer status information to the communi-

cations controller.

2. The method of claim 1, wherein determining a buffer
status comprises measuring an amount of data buffered in the
buffer, measuring an amount of an unoccupied portion of the
buffer, or a combination thereof.

3. The method of claim 1, wherein the buffer status infor-
mation comprises a consumption time of the butfer, wherein
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the consumption time of the buffer is an amount of data
buffered in the buffer divided by the consumption rate for the
buffer.

4. The method of claim 3, wherein the consumption rate is
determined based on a channel quality information reported
by a communications device associated with the buffer for a
communication channel between the relay and the commu-
nication device.

5. The method of claim 3, wherein the consumption rate is
determined based on a history of data throughput for a com-
munications channel from the communications controllerto a
communications device associated with the buffer.

6. The method of claim 1, wherein the buffer status infor-
mation comprises a filling time of the buffer, wherein the
filling time of the buffer is an amount of an unoccupied
portion of the buffer divided by the filling rate for the buffer.

7. The method of claim 6, wherein the filling rate is deter-
mined based on a channel quality information measured for a
communication channel between the relay and a communi-
cations device associated with the buffer.

8. The method of claim 6, wherein the filling rate is deter-
mined based on a history of data throughput for a communi-
cations channel from a communications device associated
with the buffer to the buffer.

9. The method of claim 1, wherein there are a plurality of
buffers, wherein each buffer in the plurality of buffers stores
data to be transmitted on a different communications channel
allocated from network resources controlled by the commu-
nications controller, and wherein determining buffer status
comprises aggregating a buffer status for at least two buffers.

10. The method of claim 9, wherein the at least two buffers
are associated with a single communications device, a single
traffic class, a single transmission direction, or a combination
thereof.

11. The method of claim 1, wherein transmitting the buffer
status information comprises piggy backing the buffer status
information onto a message being sent to the communications
controller.

12. The method of claim 1, wherein transmitting the buffer
status information comprises:

concatenating more than one buffer status information onto

a message; and

transmitting the concatenated buffer status information

message to the communications controller.

13. The method of claim 12, wherein the more than one
buffer status information comprises at least one buffer status
information for a first communications device and at least one
buffer status information for a second communications
device, at least one buffer status information for a first traffic
class and at least one buffer status information for a second
traffic class, at least one buffer status information for a first
communications direction and at least one buffer status infor-
mation for a second communications direction, or a combi-
nation thereof.

14. The method of claim 1, further comprising receiving a
buffer status report related to a buffer for data to be transmit-
ted on an access communications channel between the relay
and a communications device, wherein the access communi-
cations channel is allocated from network resources con-
trolled by the relay, and wherein determining the buffer status
information is further based on the received buffer status
report.

15. A method for controller operation, the method com-
prising:
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receiving, from a relay device, buffer status information for
a buffer at the relay device, wherein the buffer status
information comprises a buffer status of at least one
uplink buffer and at least one downlink buffer at the relay
device; and

adjusting a network resources allocation for a communi-

cations channel associated with the buffer based on the
buffer status information, wherein the communications
channel is allocated from network resources controlled
by the controller.

16. The method of claim 15, wherein adjusting a network
resource allocation comprises:

increasing the network resources allocation for an uplink

portion of the communications channel in response to
determining that the uplink buffer is full; and

altering a network resource usage for a downlink portion of

the communications channel in response to determining
that the downlink buffer is full.

17. The method of claim 16, wherein adjusting a network
resource allocation further comprises decreasing the wireless
resource allocation for the uplink portion of the communica-
tions channel in response to determining that the uplink buffer
is empty.

18. The method of claim 16, wherein there are multiple
downlink buffers, and wherein altering a network resource
usage comprises suspending transmissions over the downlink
portion of communications channels with full downlink buff-
ers.

19. The method of claim 18, wherein suspending transmis-
sions comprises decreasing a priority of the transmissions
over the downlink portions of communications channels with
full downlink buffers.

20. The method of claim 18, wherein altering a network
resource usage further comprises increasing downlink trans-
missions over the downlink portion of communications chan-
nels with downlink buffers that are not full.

21. The method of claim 15, wherein receiving, from a
relay device, buffer status information comprises receiving
the buffer status information piggy backed on a received
message.

22. The method of claim 15, wherein receiving, from a
relay device, buffer status information comprises receiving a
buffer status report message.

23. The method of claim 22, wherein there are multiple
buffers, and wherein receiving a buffer status report message
comprises receiving concatenated buffer status information
for the multiple buffers on the received buffer status report
message.
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24. The method of claim 15, wherein receiving, from a
relay device, buffer status information comprises receiving a
service request indication message.

25. The method of claim 15, wherein the buffer status
information reports a multi-bit value indicating a degree of
buffer fullness of the buftfer, and wherein adjusting a network
resource allocation comprises adjusting the network resource
allocation based on the degree of buffer fullness.

26. A relay comprising:

a receiver to be coupled to a receive antenna, the receiver
configured to receive signals detected by the receive
antenna;

a transmitter to be coupled to a transmit antenna, the trans-
mitter configured to transmit signals with the transmit
antenna;

uplink buffers coupled to the receiver and to the transmit-
ter, the uplink buffers configured to store data for uplink
communications channels allocated from network
resources controlled by a communications controller;

downlink buffers coupled to the receiver and to the trans-
mitter, the downlink buffers configured to store data for
downlink communications channels allocated from the
network resources controlled by the communications
controller; and

a controller coupled to the uplink buffers, to the downlink
buffers, to the transmitter, and to the receiver, the con-
troller configured to determine a buffer status for the
uplink buffers and the downlink buffers, to compute
buffer status information from the buffer status, and to
transmit the buffer information to the communications
controller.

27. The relay of claim 26, wherein the controller com-

prises:

a buffer status unit configured to determine buffer status for
the uplink buffers and the downlink buffers;

a buffer time compute unit coupled to the buffer status unit,
the buffer time compute unit configured to compute a
buffer fill/lempty time for a buffer based on the buffer
status and a consumption rate for the buffer; and

a threshold compare unit coupled to the buffer status unit,
the threshold compare unit configured to compute a state
of the buffer based on the buffer status.

28. The relay of claim 27, wherein the controller further
comprises an information aggregate unit coupled to the buffer
status unit, the information aggregate unit configured to
aggregate buffer status information for at least two buffers,
wherein the aggregation is based on traffic class, channel
direction, buffer status, or a combination thereof.
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