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(57) ABSTRACT

A relay node receives from user equipments UE CQI reports
which give a CQI value per radio band resource RBR, from
which are aggregated across the RBRs and/or aggregated per
UE across that UE’s RBR values. The relay node reports an
indication of the average to its controlling access node (eNo-
deB), either explicitly or implicitly (e.g., a gain applied to the
CQI of the downlink between the relay and access nodes).
The relay node also checks the UEs’ buffer status (actual or
predicted) and reports either periodically or based on an
underflow/overflow occurrence. For periodic reports, each
UE buffer experiencing the overrun/underrun is reported.
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METHOD, APPARATUS AND COMPUTER
PROGRAM FOR SIGNALING CHANNEL
QUALITY INFORMATION IN A NETWORK
THAT EMPLOYS RELAY NODES

TECHNICAL FIELD

[0001] The exemplary and non-limiting embodiments of
this invention relate generally to wireless communications
systems and, more specifically, relate to the communication
of channel quality information for channels in a network that
uses relay nodes, and further how that information may be
used for scheduling decisions.

BACKGROUND
[0002] The following abbreviations are used in the descrip-
tion below:
[0003] 3GPP third generation partnership project
[0004] CQI channel quality information
[0005] DL downlink
[0006] e-NodeB Node B of an E-UTRAN system
[0007] eNBr relay-enhanced eNB
[0008] E-UTRAN evolved UTRAN
[0009] LTE long term evolution of 3GPP UTRAN (E-UT-
RAN or 3.9G)
[0010] Node B base station or similar network access node,

including e-NodeB

[0011] RAN radio access network

[0012] RBR radio band resource

[0013] RN relay node

[0014] RS relay station

[0015] QoS Quality of Service

[0016] UE user equipment (e.g., mobile equipment/station)
[0017] UL uplink

[0018] UMTS universal mobile telecommunications sys-
tem

[0019] UTRAN UMTS terrestrial radio access network
[0020] 3GPP is standardizing the long-term evolution

(LTE) of the UMTS radio-access technology which aims to
achieve reduced latency, higher user data rates, improved
system capacity and coverage, and reduced cost for the opera-
tor. Future LTEs standard releases (here termed Release 9 for
brevity) may use relay nodes (RNs), alternatively termed
relay stations (RSs), in order to enhance coverage areas in the
cell of an e-NodeB. FIG. 1 gives an overview of how such
RN’ can be used to advantage: to extend wireless coverage to
the interior of a building, to extend coverage beyond the cell
edge (cell edge as defined by the radio range from the
e-NodeB), to direct radio signals more particularly to a valley
between buildings or to a radio-frequency ‘shadow’ behind a
building, to extend the cell to other non-contiguous areas such
as via multi-hops/multi-relays, and to provide robust radio
signals in any other ‘coverage holes’ that may be at different
areas of the cell. The RNs can be fixed or mobile, such as
mounted to a high-speed train. In some systems the relay
stations may be opportunistically available UEs/mobile ter-
minals that are not owned by the network itself. For clarity, a
network access node that employs RNs is termed a relay
enhanced access node, or in the context of LTE it is termed an
e-NBr for brevity.

[0021] Apart from this main goal of coverage extension,
introducing relay concepts in LTE can also be used to aid in
the provisioning of high-bit-rate coverage in high shadowing
environment, to reduce the average radio-transmission power
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at the UE which extends the UE’s battery life, to enhance cell
capacity and effective throughput (e.g., by increasing cell-
edge capacity and balancing cell load), and to enhance overall
performance and deployment cost of the radio access network
RAN.

[0022] After being carefully considered in pre-standardiza-
tion activities like the Wireless World Initiative WWI1/Wire-
less World Initiative New Radio WINNER system concept,
relay systems are achieving the level of maturity that is
needed in ongoing LTE standardization activities. The WIN-
NER concept seeks to develop a system that is QoS aware and
uses intelligent scheduling to meet user demands and physi-
cal constraints, in a model that is scalable for deployment to
any of various spectrum types and bandwidths including
spectrum sharing. This scalable deployment gives rise to
relay nodes being an important part of the WINNER concept.
As an example of later stages of relay node development, the
IEEE 802.16j standardization adds relays to the IEEE 802.
16e standard. This recent development has increased the pres-
sure to consider relays also in LTE standardization. Certain
wireless network operators have been actively pushing for
relay standardization since it is expected that relay systems
will be economically viable due to reduced backhaul and site
acquisition costs. In order to keep LTE competitive it is more
than probable that relay extensions to LTE are to be studied
within 3GPP in the release 9. Various topics will be studied
and relays appear likely to play an important role in LTE
Release 9, and RSs are likely to be included in the LTE
Release 9 agenda.

[0023] There are many specific types of relay systems pro-
posed, from the simple (e.g., amplify/forward implementa-
tions, applied in single frequency networks such as digital
video broadcast for handhelds DVB-H, for example) to the
more complex such as using network coding to improve the
overall performance. A common relay type that is proposed
for cellular relaying is a detect/forward type of relay, where an
input signal is detected and retransmitted using the same
procedure as in the original transmission. The following dis-
cussion assumes the detect/forward type implementation for
a relay network.

[0024] To ensure economic viability in adopting RN’ into
the LTE network, backward compatibility between Release 8
(standardization ongoing) and Release 9 will be needed. A
reasonable assumption is that full backward compatibility is
required from the UE perspective, i.c. Release 8 and Release
9 terminals should work equally well in Release 8 and in
Release 9 networks. At the network side software and even
hardware updates between standard releases may be possible
but preferably they should be as small as possible. Hence,
from the UE viewpoint the serving network node should
function in exactly the same way as the e-NodeBs of Release
8. Due to this requirement, the reduction of functionalities of
the e-NodeB when defining and implementing relay nodes
will be difficult, and the relay nodes will need to support all of
the main e-NodeB functions also. Due to this fact it can be
assumed that relay nodes are capable of flexible resource
sharing with the e-NodeB that controls them.

[0025] Assuming no RNs in an LTE (also known as E-UT-
RAN or 3.9G) cell so that the UEs and the e-NodeB commu-
nicate directly, the link adaptation and scheduling procedures
utilize channel quality information (CQI) reports from the
active UEs. An ideal CQI report tells the e-NodeB the quality
of'each radio band resource (RBR) that the corresponding UE
being served measures. The e-NodeB can utilize this infor-
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mation for optimal scheduling and link adaptation. However,
ideal CQIl reporting onan RBR basis is not practical dueto the
limited number of pilot symbols available and also to the need
to control the volume of control signaling overhead. The prior
art does address several low bandwidth CQI schemes, the
most representative ones seen to be offset CQI, threshold CQI
and best-M CQI reporting.

[0026] The introduction of RNs can have an impact on the
overall architecture of the network as well as the CQI report-
ing and its usage for scheduling and link adaptation. The
scheduling of UEs under control of a RN can be done by the
RN with the help of the controlling e-NodeB (e.g., where the
RN is given some authority to schedule radio resources given
by the e-NodeB), or solely by the controlling eNBr (where the
RN acts as a communication conduit and all scheduling deci-
sions are by the e-NodeB).

[0027] Certain problems arise in the former case. The RN
may be doing the scheduling, but the impact of erratic radio
channels has to be taken into account so that the controlling
eNBr is able to assign sufficient radio resources for the RN to
operate and provide adequate quality of service (QoS)to each
relayed UE. For instance, a situation may arise when a certain
relayed UE’s buffer in the RN is being overfilled because the
RN-UE link for that UE is very bad (low CQI) and it is not
being scheduled by the RN, while at the same time the
e-NodeB keeps sending data for that UE in the eNBr-RN link,
which has a sufficiently good link i.e. high CQI. This is a flow
control problem with no analogy to the case where the link is
direct between the UE and the e-NodeB and there are no RNs
between them.

[0028] The introduction of RNs is a new concept in LTE.
Thus, scheduling and associated CQI reporting has not been
considered previously. The case where RNs control the
scheduling of its own users is similar to the non-transparent
mode defined in WIMAX. However, the issues regarding CQI
reporting and scheduling are not resolved since those are
different in LTE.

[0029] What is needed in the art is an approach to optimize
scheduling of UEs under control of a RN for various actual
channel conditions that exist between the RN and the UEs
under its control, preferably in a manner that is consistent
with LTE.

SUMMARY

[0030] In accordance with one aspect of the invention is a
method that includes receiving from a plurality of user equip-
ments indications of channel quality experienced by the user
equipments, then aggregating the received indications into a
compound signal quality metric. Thereafter, the method con-
tinues with sending an indication of the compound signal
quality metric to an access node controlling a cell in which the
user equipments operate. In a particular embodiment, the
format and signaling procedure to indicate this metric infor-
mation can be layer 1 L1 or higher (e.g., L2 Medium Access
Control MAC layer or L3 Radio Resource Control RRC
layer).

[0031] Inaccordance with another aspect of the invention is
an apparatus that includes a receiver, a processor and a trans-
mitter. The receiver is configured to receive from a plurality of
user equipments indications of channel quality experienced
by the user equipments. The processor is configured to aggre-
gate the received indications into a compound signal quality
metric. The transmitter is configured to send an indication of
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the compound signal quality metric to an access node con-
trolling a cell in which the user equipments operate.

[0032] Inaccordance with another aspect ofthe invention is
a computer readable memory embodying a program of
machine-readable instructions executable by a digital data
processor to perform actions directed toward sending quality
indications. In this embodiment the actions include, respon-
sive to receiving from a plurality of user equipments indica-
tions of channel quality experienced by the user equipments,
and aggregating the received indications into a compound
signal quality metric. Further, the actions include sending an
indication of the compound signal quality metric to an access
node controlling a cell in which the user equipments operate.
[0033] Inaccordance with another aspect of the invention is
an apparatus that includes receiving means for receiving from
a plurality of user equipments indications of channel quality
experienced by the user equipments, processing means for
aggregating the received indications into a compound signal
quality metric, and transmit means for sending an indication
of the compound signal quality metric to an access node that
controls a cell in which the user equipments operate. In a
particular embodiment the receiving means is a wireless
receiver, the processing means is a digital data processor, and
the transmit means is a wireless transmitter, and the apparatus
is a relay node in a LTE network cell.

[0034] Inaccordance with another aspect of the invention is
a method that includes allocating in a first instance radio
resources to a relay node for use by user equipments under
control of the relay node, receiving from the relay node a
compound signal quality metric that aggregates channel qual-
ity on links between the user equipments and the relay node,
deciding a new allocation of radio resources based at least in
part on the compound channel quality metric, and allocating
in a second instance the new allocation of radio resources to
the relay node. In a particular embodiment there is also
received an indication of buffer occupancy of the relay node,
and the new allocation is decided so as to manage flow control
from the user equipments as a function of the compound
signal quality metric and the received buffer occupancy.
[0035] Inaccordance with another aspect of the invention is
an apparatus that includes a transmitter, a processor and a
receiver. The transmitter is configured to send to a relay node
in a first instance radio resources for use by user equipments
under control of the relay node. The receiver is configured to
receive from the relay node a compound signal quality metric
that aggregates channel quality experienced on links between
the user equipments and the relay node. The processor is
configured to decide a new allocation of radio resources based
at least in part on the received compound channel quality
metric. And the transmitter is further to send to the relay node
in a second instance the new allocation of radio resources.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The foregoing and other aspects of these teachings
are made more evident in the following Detailed Description,
when read in conjunction with the attached Drawing Figures.
[0037] FIG. 1 is a schematic diagram showing a relay net-
work with a controlling access node and various relay nodes
serving to enhance coverage for mobile terminals in various
scenarios, a context which is relevant to these teachings.
[0038] FIG. 2 shows a simplified block diagram of various
electronic devices that are suitable for use in practicing the
exemplary embodiments of this invention.
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[0039] FIG. 3 illustrates channel quality indicators reported
by various UEs under control of a relay node for various radio
band resources, arranged in a table, and resulting averages
calculated by the relay node for reporting to the access node/
e-NodeB according to certain embodiments of the invention.
[0040] FIG. 4 is a process flow diagram illustrating process
steps according to a particular embodiment of the invention.

DETAILED DESCRIPTION

[0041] These teachings focus primarily on the case where
the RNs take the main responsibility for scheduling their
users. In this case, it may not be needed for the e-NodeB to be
aware of the CQI between RN and individual relayed UEs,
though for reasons noted above it is important from a flow
control perspective that the e-NodeB not be wholly unaware
of'the quality of the UE-RN link. Embodiments of this inven-
tion provide a solution to such a flow control problem. While
specific examples are presented in the particular context of
LTE, the invention is not limited only to LTE but may be
employed in any wireless access network that employs relay
nodes under control of a controlling access node.

[0042] For the description below it is assumed that at maxi-
mum two hops are allowed per communication (between UE
and e-NodeB or between UE and RN and e-NodeB), and the
relay nodes are arranged in a tree topology (no connections
between relay nodes). Note that this second assumption
excludes two instances shown in FIG. 1. The invention is not
limited by either of these two assumptions, but they are noted
as constraining the specific examples given rather than the
breadth of these teachings. Embodiments of the invention can
be used with other network topologies, and/or across more
than two-hop links.

[0043] Embodiments of this invention relate to integrating
information at the RN, and sending that integrated informa-
tion to the e-NodeB which can then be used for UE scheduling
and for controlling the flow of DL data to the UEs in a relay
enhanced LTE network. The integrated information is a qual-
ity metric indicative of the link between the RN and the UEs
under its control, but the quality metric is compound rather
than reflective of an individual link. The compound metric
may be, for example, averaged over multiple UEs or over
multiple RBRs in order to reduce signaling overhead on the
link between the RN and the eNBr, as compared to forward-
ing all the CQI values that the UEs report to the RN. This
compound information can still be used to enhance data trans-
mission on the link going between the eNB and the RN to
avoid buffer over/under run as noted above, and also for the
eNBr to assign suitable resources for the links between the
RN and the UEs.

[0044] As a preliminary matter before exploring details of
various implementations, reference is made to FIG. 2 for
illustrating a simplified block diagram of various electronic
devices that are suitable for use in practicing the exemplary
embodiments of this invention. In FIG. 2 a wireless network
9 is adapted for communication between a UE 10 and a Node
B 12 (e.g., a wireless access node, such as a base station or
particularly an eNBr for a LTE system). The network 9 may
include a gateway GW/serving mobility entity MME/radio
network controller RNC 14 or other radio controller function
known by various terms in different wireless communication
systems. The UE 10 includes a data processor (DP) 10A, a
memory (MEM) 10B that stores a program (PROG) 10C, and
a suitable radio frequency (RF) transceiver 10D coupled to
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one or more antennas 10E (one shown) for bidirectional wire-
less communications over one or more wireless links 20 with
the eNBr 12.

[0045] The terms “connected,” “coupled,” or any variant
thereof, mean any connection or coupling, either direct or
indirect, between two or more elements, and may encompass
the presence of one or more intermediate elements between
two elements that are “connected” or “coupled” together. The
coupling or connection between the elements can be physical,
logical, or a combination thereof. As employed herein two
elements may be considered to be “connected” or “coupled”
together by the use of one or more wires, cables and printed
electrical connections, as well as by the use of electromag-
netic energy, such as electromagnetic energy having wave-
lengths in the radio frequency region, the microwave region
and the optical (both visible and invisible) region, as non-
limiting examples.

[0046] The eNBr 12 also includes a DP 12A, a MEM 12B,
that stores a PROG 12C, and a suitable RF transceiver 12D
coupled to one or more antennas 12E. The eNBr 12 may be
coupled via a data path 30 (e.g., lub or S1 interface) to the
serving or other GW/MME/RNC 14. The GW/MME/RNC 14
includes a DP 14A, a MEM 14B that stores a PROG 14C, and
a suitable modem and/or transceiver (not shown) for commu-
nication with the Node B 12 over the lub link 30. Also shown
as part of the MEM 12B is a plurality of buffers 12G for
storing data and information to be sent over one of the wire-
less links 20, 20B. These buffers 12G are detailed more par-
ticularly below.

[0047] Also within the eNBr 12 is a scheduler 12F that
schedules the various UEs under its control for the various UL
and DL radio resources (RBRs and transmission time
resources). Once scheduled, the e-NodeB sends messages to
the UEs with the scheduling grants (typically multiplexing
grants for multiple UEs in one message). These grants are sent
over particular channels such as the Physical Downlink Con-
trol Channel (PDCCH) in LTE. Generally, an e-NodeB of an
LTE system is fairly autonomous in its scheduling and need
not coordinate with the GW/MME 14 excepting during han-
dover of one of'its UEs to another Node B/e-NodeB or for the
purpose of other higher layer reconfiguration signaling.
[0048] The network also employs a RN 16, shown also as
having a DP 16A and a MEM 16B that stores a PROG 16C,
and using a transceiver (transmitter and receiver) 16D for
communications via at least one antenna 16E over a first link
20A with the UE 10 (as well as other UEs under the RN’s
control) and over a second link 20B with the eNBr 12 that is
controlling the cell. In the embodiments detailed below, the
direct link 20 between the eNBr 12 and the UE 10 is not in
active use but instead communications are routed through the
RN 16 via the first and second links 20A, 20B. The RN 16
may also have a scheduler 16F for allocating radio resources
(RBRs) to the UEs under its control, for the case considered
here where the eNBr 12 grants the RN 16 a block of radio
resources for use in its area of the cell for allocating to those
UEs under the RN’s control.

[0049] At least one of the PROGs 10C, 12C and 16C is
assumed to include program instructions that, when executed
by the associated DP, enable the electronic device to operate
in accordance with the exemplary embodiments of this inven-
tion, as detailed above. Inherent in the DPs 10A, 12A, and
16A is a clock to enable synchronism among the various
apparatus for transmissions and receptions within the appro-
priate time intervals and subframes required, as the schedul-
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ing grants and the granted resources/subframes are time
dependent. The transceivers 10D, 12D, 16D include both
transmitter and receiver, and inherent in each is a modulator/
demodulator commonly known as a modem. The DPs 12A,
14A and 16A also are assumed to each include a modem to
facilitate communication over the (hardwire) link 30 between
the eNBr 12 and the GW 14 and over the various wireless
links 20, 20A, 20B shown between the particular electronic
apparatuses.

[0050] The PROGs 10C, 12C, 16C may be embodied in
software, firmware and/or hardware, as is appropriate. In
general, the exemplary embodiments of'this invention may be
implemented by computer software stored in the MEM 16B
and executable by the DP 16 A of the RN 16 and similar for the
other MEM 12B and DP 12 A ofthe eNBr 12, or by hardware,
or by a combination of software and/or firmware and hard-
ware in any or all of the devices shown.

[0051] In general, the various embodiments of the UE 10
can include, but are not limited to, mobile stations, cellular
telephones, personal digital assistants (PDAs) having wire-
less communication capabilities, portable computers having
wireless communication capabilities, image capture devices
such as digital cameras having wireless communication capa-
bilities, gaming devices having wireless communication
capabilities, music storage and playback appliances having
wireless communication capabilities, Internet appliances per-
mitting wireless Internet access and browsing, as well as
portable units or terminals that incorporate combinations of
such functions. Embodiments of the RN may be a UE or may
be a fixed or mobile access node under control of the control-
ling eNBr that is controlling in the cell.

[0052] The MEMs 10B, 12B and 16B may be of any type
suitable to the local technical environment and may be imple-
mented using any suitable data storage technology, such as
semiconductor-based memory devices, magnetic memory
devices and systems, optical memory devices and systems,
fixed memory and removable memory. The DPs 10A, 12A
and 16 A may be of any type suitable to the local technical
environment, and may include one or more of general purpose
computers, special purpose computers, MmiCroprocessors,
digital signal processors (DSPs) and processors based on a
multi-core processor architecture, as non-limiting examples.
[0053] Now are described the particular embodiments of
the invention in detail. The end result is that scheduling and
controlling the flow of DL data is integrated in a relay
enhanced network such as an LTE network. According to an
embodiment, a plurality of UEs under control of a relay node
send to the RN the CQI measurements for RBRs allocated to
the system/cell (not only those RBRs in use and assigned to
the respective UEs). The RN receives these messages, and
aggregates information from those messages into a com-
pound signal quality metric. The RN then sends the com-
pound signal quality metric to the eNBr. The aggregating may
be over multiple UEs, or it may be for multiple RBRs allo-
cated to the same UE, or it may be over some combination of
aplurality of RBRs and UEs including all UEs and all RBRs.
The latter may be practical where the RN has control over
only a fairly limited geographic area and/or very limited radio
resources. The compounding is in one embodiment averaging
signal quality of the received CQI measurements.

[0054] It is clear then that the compounded signal quality
metric can be signaled with fewer bits than the individual
RBR CQI values that are reported by the UEs 10 to the RN 16,
and so embodiments of the invention reduce signaling over-
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head on the link 20B between the RN 16 and the eNBr 14.
This compound information can still be used to enhance data
transmission on the link 20B between the eNBr 12 and the RN
16 to avoid buffer over/under run and also for the eNBr 12 to
assign suitable resources for the links 20A between the RN
and the UE.

[0055] The RN 16 has the CQI information available for all
ofits users/UEs 10 and it can summarize this CQI information
and send it to the eNBr 12 in one of at least two ways as noted
above, denoted here as the compound signal quality metrics:
[0056] CQI_AVG_RBR: The CQI for each RBR is aver-
aged over all the UEs.

[0057] CQI_AVG_UE: The CQI for each UE is averaged
over all the RBRs.

[0058] This is shown diagrammatically at FIG. 3, which is
atabular form of the CQI information arranged by UEs (UE,,
UE,, . . . UE,) along rows and arranged by RBRs along
columns. Within the table, each of the entries CQI is the CQI
value reported by the UE 10 of that row for the RBR for that
column. RBR is a frequency band corresponding to one or
more physical resource blocks as defined in the LTE standard.
The lowermost row below the table of CQI values (with
entries C1,,C2_, C3.... CM_) represent the RBR averaged
quality, the CQI-AVG-RBR for the i”” RBR column, where
there are M RBRs and i is an integer index of the RBRs from
1 thorough M. Similarly, the rightmost column of FIG. 3
outside the table of CQI values (with entries Clz, C25, C3,
... CNy) represent the UE averaged quality, the CQI-AVG-
UE for the j* UE column, where there are N UEs and j is an
integer index of the UEs 10 under control of the RN 16 from
1 thorough N. Note that compressed CQI reporting schemes
proposed for LTE Release 8 (e.g., threshold based, Best-M,
etc.) can still be used along with the aggregating mechanisms
proposed here. Such compression schemes are known in the
art and not detailed here further. When the values reported by
the UEs are the compressed CQI values, it is straightforward
for the RN 16 to average over the reported Best-m (or other
compression) CQIs which are likely to be used for scheduling
to achieve the above CQI-AVG-RBR and/or CQI-AVG-CQI.
[0059] The CQI_AVG_RBR metric gives an average indi-
cation on which RBRs are the most suitable for the transmis-
sion between the RN 16 and the served users/UEs 10. As such,
the eNBr 12 can use this information to decide which RBRs
can be allocated to RN 16 for the next scheduling period on
the RN-UE link 20A. The RN 16 can pass the CQI_AVG_
RBR information explicitly (we name this case CQI_Aver-
aged) or it can pass it implicitly by using it as a weighting
factor when it reports the CQI of the eNBr-RN link 20B
(CQI_Weighted). In the latter, the weighting is done by map-
ping the CQI_AVG_RBR into a gain factor. That is, if UEs 10
being served by the RN 16 are experiencing bad channel
condition on the average, the CQI of the eNBr-RN link 20B
will be reduced by the gain factor while when they are expe-
riencing very good channel conditions, it will be increased by
the gain factor. Note that in an embodiment CQI_Weighted
and CQI_Averaged can be used together, where the RN
reports both to the RN but at different reporting rates.
[0060] Note that the actual scheduling and allocation of the
RBRs can still be done by the RN 16 individually for each UE
10, but with the help of CQI_AVG_RBR the eNBr 12 can
better decide which pool/group of RBRs to assign to the RN
16 for the RN-UE links 20A and which other RBRs to use
(e.g. for direct transmission) from the eNBr 12 to other,
directly served UEs. Furthermore, if there are RNs 16 in close
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vicinity to each other, it may be beneficial to allocate at least
partly non-overlapping RBR pools to both RNs 16 in order to
avoid or reduce interference between the two. This is particu-
larly advantageous, if the RNs 16 serve overlapping areas,
this may well happen if RN locations are not strictly planned,
or if one or more of the RNs are mobile (e.g., on a high-speed
train). The described CQI_AVG_RBR then allows the eNBr
12 to assign the RBRs optimally to the RNs 16 (i.e. each gets
the RBRs that will give optimum performance for the
assigned UEs 10).

[0061] On the other hand, CQI_AVG_UE tells which UEs
10 are experiencing the best radio conditions in the access
links on the average. Using this information, the eNBr 12
decides which UEs’ data and how much data for each UE to
send on the eNBr-RN link 20B and this will help in mitigating
the flow control problem described in the background section
above. This is because the eNBr 12 is giving priority to the
UESs 10 experiencing good radio conditions and as such both
over-buffering and buffer under-run in the RN 16 is pre-
vented.

[0062] In an embodiment, both the CQI-AVG-UE and the
CQI-AVG-RBR are used, but are sent at different times. The
RN 16 forwards both reports periodically, but not necessarily
with the same period. The actual reporting periods are param-
eters to be determined through optimization procedures that
depend on the operating network. The flow control informa-
tion (i.e. CQI_AVG_UE) can also be reported on an event-
based fashion (for example, when the averaged CQIs of the
UEs 10 are showing too much difference, as reporting when
they are very similar will not provide any useful information
for the eNBr 12.)

[0063] The deployment of RNs 16 reduces the dynamic of
CQI range for relayed users and therefore a simple averaging
may be sufficient for the CQI_AVG_UE to meet the needs of
the eNBr 12. However, since the UE 10 is going to be sched-
uled in the RBRs that are experiencing good quality, the
CQI_AVG_UE calculation can take this into consideration by
weighting the RBRs that are experiencing good conditions
more than the ones that are experiencing bad conditions. In
this way a better estimation of the experienced channel qual-
ity in the RBRs where the UE 10 is actually scheduled can be
achieved.

[0064] It is possible to perform flow control based on the
CQI_AVG_UE reports as described above, but flow control
can be performed more explicitly via buffer status reporting.
Within the RN 16 there is a buffer 16G for each of the UEs 10
under its control. It is the status of these buffers 16G to which
the following refers. For this explicit bufter status reporting,
the RN 16 reports to the eNBr 12 the bufter status of its UEs
10 in one of at least two fashions, or their combination,
termed herein Periodic and Early Detection.

[0065] For periodic reporting, a semi dynamic variable,
RN_buffer_status_reporting_period, is used. The RN 16
reports periodically every RN buffer_status_reporting_pe-
riod its buffer status corresponding to each of the UEs that it
is serving. The eNBr 12 will inform the RN 16 of the reporting
period according to a particular embodiment.

[0066] For early detection reporting, two semi dynamic
variables are used, RN_buffer_overload_limit and RN_buf-
fer_underload_limit. In an embodiment these are each per-
centage values, and are used as threshold by which to generate
areport to the eNBr 12. When the buffer of a certain UE 10 at
the RN 16 becomes higher than the RN_buffer_overload_
limit or when it becomes lower than RN_buffer underload_
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limit, the RN reports a buffer status report to the eNBr 12 with
the information regarding this. Note that the RN_buffer_
underload_limit is effective only once after the RN_buffer_
overload_limit has been reported. These reports can be done
instantaneously, i.e. when the limits are reached, or option-
ally, a variable RN_buffer_overload_underload_reporting
period, can be used where the RN 16 reports periodically the
buffers of all of the UEs that have passed these limits.
[0067] The eNBr 12 will then be able to use these reports
during scheduling. If periodic reporting is used, the operation
is similar to the CQI_AVG_UE based flow control, i.e. UEs
with the largest buffer occupancy in the RN 16 can be either
given lower priority, or not even scheduled at all for a given
period. On the other hand, with early detection, the eNBr 12
could give low priority to the UEs 10, or even pause the
scheduling when they report RN_buffer_overload_limit and
raise their priority (or resume their scheduling in case the
decision was to pause their scheduling) when they report
RN_buffer_underload_limit.

[0068] The various techniques detailed above can be used
in combination. For example, the network 9 can use a com-
bination of the buffer based and the CQI_AVG_UE based
flow control for an efficient and robust operation. For
example, the network 9 canuse the RN early-detection bufter-
status reporting of individual UEs combined with the aver-
aged CQI reporting for flow control and resource re-assign-
ment between the controlling eNBr 12 and its RN 16.
[0069] Furthermore, the CQI_AVG_UE can be used to
make a prediction when the buffer may under-run or over-run.
The RN 16 can then report at a predetermined time before the
buffer under-run instead of reporting at a fixed buffer size
RN_buffer_underload_limit. The advantage of this approach
is that then the eNBr 12 always has the same time to react until
the buffer actually gets empty (or overfull), while using a
fixed value of RN_buffer underload_limit would mean that
UEs 10 which experience a good channel condition will
deplete the buffer quickly while the UEs 10 with a poor
channel will take much longer to deplete the same amount of
data. Therefore, taking the CQI_AVG_UE into account can
help to better select for which UEs 10 to forward data to the
RN 16, namely for those UEs 10 whose bufter threatens to be
depleted at the earliest. Using the achieved data rates in the
past can also be used for this purpose, but CQI gives a better
estimate for the future data rates which are more relevant to
anticipating buffer over-run and under-run.

[0070] Note that the combination of CQI_AVG_UE and
RN_buffer_underload_limit can be done in the RN 16, then
the compound information taking both into account can be
signaled to the eNBr 12. Alternatively, both values could be
signaled individually to the eNBr 12 and the eNBr 12 takes
them both into account. The former approach saves some
signaling overhead on the second link 20B while the latter
approach gives more complete information to the eNBr 12.
[0071] Inthe exemplary embodiment described above, the
buffer status and the compound CQI information was com-
bined into a prediction of the time when the buffer would
under run or over run. Note however, that various variants of
this approach are possible by combining buffer status and
CQI in another way and still convey some information about
the buffer status, even if it is not exactly the time expected for
buffer depletion. For example, some maximum or minimum
data rates can be considered during calculation rather than
fully obeying the compound CQI information. Also further
information and parameters can be taken into account, e.g. the
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priority of a user or a service, because high priority data/users
may be scheduled with higher priority and therefore the asso-
ciated buffers are likely to under run more early.

[0072] Further more, it is not only possible to aggregate
CQI values and bufter status for individual users, but also for
user classes e.g. users sharing the same or similar priority
class. This is motivated by the following arguing: the RN will
have to take care that data are scheduled in a fair way forusers
within a certain priority class, but the scheduling priority and
consequently the achievable data rates may vary greatly for
users of different priority classes. Therefore it may be suffi-
cient to report only for a single user of a priority class of report
a value that is aggregated i.e. compound e.g. averaged for
several or all users of a specific priority class. In this way the
signaling overhead can be further reduced, without substan-
tial loss of useful knowledge at the eNodeB.

[0073] For the case where ideal CQI forwarding is used (all
CQI values reported from the UEs are forwarded through the
RN to the eNBr), the RN 16 will need to send mxn (consid-
ering m RBRs are reported per UE, and there are n UEs)
information elements. With the CQI_Weighted implementa-
tion, this is reduced to zero because the RN 16 doesn’t send
any extra information explicitly. Even without using CQI_
Weighted, the amount of information elements to be sent to
the eNBr 16 is reduced to m for the case where CQI_AVG_
UE is used, or to n for the case where CQI_AVG_RBR is
used, or to m+n for the case where both are used. In all cases
this is less signaling overhead than relaying the mxn CQI
information elements reported by the UEs 10.

[0074] It is noted that CQI_Weighted reporting may be
appropriate even though the channel qualities of the relay link
20B and the access links 20A can be quite different, e.g.
because the relay node is typically fixed and therefore the
channel quality for the eNBr-RN link 20B is more or less
stable or slowly time-varying varying only. Note however,
that also the inverse may happen e.g. for relays mounted on
trains or other vehicles, there the channel quality for the
eNBr-RN link 20B can vary quickly while the channel
between relay and terminal is rather stable, because a voyager
typically doesn’t move quickly within the vehicle. Therefore
the reporting rates on the two links may be substantially
different. Also the times above which the data are accumu-
lated or averaged may vary as well. If the channel quality of
the link between terminal and RN is changing so quickly that
reports cannot be done in time to the eNodeB, then it may be
better not to report instantaneous values but rather averaged
values over some time and also averaged over possible RBRs.
It is possible to get more reliable information by averaging
over the quality of individual RBRs in time and frequency.
[0075] The flow control mechanisms described here gener-
ally do not require any implementation change at the UEs.
Also, the CQI-based scheduling that is based on the weighted
CQI does not require any changes at the eNBr 12 as compared
with a relay enhanced system with no relay link CQI-based
scheduling, because the eNBr 12 in that case treats the
weighted CQI as the CQI of the backhaul link (the DL
between the RN 16 and the UE 10). The various compressed
CQI reporting schemes proposed for LTE Release 8 (thresh-
old based, Best-M, etc.) can still be used for the RN-UE link,
thus further reducing the signalling on the both RN-eNB and
UE-RN links.

[0076] Both flow control mechanisms described avoid the
need for forwarding the CQI of each relayed user to the eNBr
12 via the RN 16, and hence greatly reduce the CQI-related
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signaling overhead. The buffer based flow control is seen to
be more accurate in tracking indirectly the CQI of the access
links 20A as compared with the CQI_AVG_UE based flow
control, but it requires somewhat more control signaling.
[0077] Scheduling based on the weighted CQI reporting
does not have any overhead, because one CQI report is still
sent, but if the RN 16 is serving a very small number of users,
the averaging and weighting might result in suboptimal
scheduling as one UE 10 that is in a very bad condition can
drag the performance of another one experiencing excellent
channel conditions. Thus, the weighted CQI option becomes
more attractive when the number of users served by the RN 16
is considerable. A more advanced flow control algorithm can
be employed that takes into account this fact by switching
from CQI_averaged to CQI_weighted (and vice versa) sched-
uling depending on the number of relayed users, such as using
aratio of variance between best and worst CQI and number of
UEs for determining whether to use one flow control metric or
the other.

[0078] If there are more than one RNs 16 in a cell and if
each is serving a considerable number of UEs, the weighted
CQI can enable faster scheduling as the users can be grouped
easily into sets of priority groups depending on the weighted
CQI of the backhaul link.

[0079] Some of the major points detailed above are sum-
marized at FIG. 4. At block 402 the RN 16 receives from the
UESs 10 under its control the CQI reports, which give a CQI
value per RBR. These CQI reports can be based on any of the
compressed CQI reporting schemes proposed for LTE
Release 8 (threshold based, Best-M, etc.). At block 404 both
averages are calculated, one from the aggregated RBR values
across all of the UEs reporting for that RBR, and the other
averaged per UE across all RBRs reported by the respective
UE 10. As above, different implementations use either or both
of these averages. At block 406 the RN 16 reports an indica-
tion of the average to the eNBr 12, which may be an explicit
average sent in the message or it may be implicit such as a
gain applied to the CQI of the link 20B betweenthe RN 16 and
the eNBr 12 that the RN reports to the eNBr 12. At block 408
the buffer status for each of the UE-specific buffers in the RN
16 is monitored. For periodic reports, overruns and underruns
are reported periodically for each UE buffer experiencing the
overrun/underrun (compare buffer state to the thresholds, or
predict it based on actual or anticipated rate). For event-based
reports, the overrun/underrun determination will cause the
RN 16 to send the report at block 408.

[0080] For the aspects of this invention related to network,
embodiments of this invention may be implemented by com-
puter software executable by a data processor of the RN 16,
such as the processor 16A shown, or by hardware, or by a
combination of software and hardware. For the aspects of this
invention related to eNBr 12, embodiments of this invention
may be implemented by computer software executable by a
data processor of the eNBr 12, such as the processor 12A
shown, or by hardware, or by a combination of software and
hardware. Further in this regard it should be noted that the
various logical step descriptions above may represent pro-
gram steps, or interconnected logic circuits, blocks and func-
tions, or a combination of program steps and logic circuits,
blocks and functions.

[0081] Ingeneral, the various embodiments may be imple-
mented in hardware or special purpose circuits, software
(computer readable instructions embodied on a computer
readable medium), logic or any combination thereof. For
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example, some aspects may be implemented in hardware,
while other aspects may be implemented in firmware or soft-
ware which may be executed by a controller, microprocessor
or other computing device, although the invention is not lim-
ited thereto. While various aspects of the invention may be
illustrated and described as block diagrams, flow charts, or
using some other pictorial representation, it is well under-
stood that these blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-
limiting examples, hardware, software, firmware, special pur-
pose circuits or logic, general purpose hardware or controller
or other computing devices, or some combination thereof.
[0082] Embodiments of the inventions may be practiced in
various components such as integrated circuit modules. The
design of integrated circuits is by and large a highly auto-
mated process. Complex and powerful software tools are
available for converting a logic level design into a semicon-
ductor circuit design ready to be etched and formed on a
semiconductor substrate.

[0083] Programs, such as those provided by Synopsys, Inc.
of Mountain View, Calif. and Cadence Design, of San Jose,
Calif. automatically route conductors and locate components
on a semiconductor chip using well established rules of
design as well as libraries of pre-stored design modules. Once
the design for a semiconductor circuit has been completed,
the resultant design, in a standardized electronic format (e.g.,
Opus, GDSII, or the like) may be transmitted to a semicon-
ductor fabrication facility or “fab” for fabrication.

[0084] Various modifications and adaptations may become
apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the
accompanying drawings. However, any and all modifications
of'the teachings of this invention will still fall within the scope
of the non-limiting embodiments of this invention. For
example, the channel quality experiences on the links
between the user equipments described above in detail
assume that communications are done only on the radio
resources allocated by the relay node, but it may obtain esti-
mates on other resources also. For example, the relay node
could send dedicated pilots on a fraction of these resources
and the user equipments could use these pilots for estima-
tions. There are already ways known in the art to distinguish
pilot transmissions from different eNBs (or relay nodes) such
as by using different pilots. This technique is sometimes used
on different sectors of the same site that have some overlap.
[0085] Although described in the context of particular
embodiments, it will be apparent to those skilled in the art that
anumber of modifications and various changes to these teach-
ings may occur. Thus, while the invention has been particu-
larly shown and described with respect to one or more
embodiments thereof, it will be understood by those skilled in
the art that certain modifications or changes may be made
therein without departing from the scope of the invention as
set forth above, or from the scope of the ensuing claims.

We claim:

1. A method comprising:

receiving from a plurality of user equipments indications of
channel quality experienced by the user equipments;

aggregating the received indications into a compound sig-
nal quality metric; and

sending an indication of the compound signal quality met-
ric to an access node controlling a cell in which the user
equipments operate.
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2. The method of claim 1, further comprising prior to the
receiving:

receiving at a relay node a grant from the access node of
radio band resources that are available for allocation to
the user equipments; and

allocating by the relay node to the user equipments at least
some of the radio band resources;

wherein the indications are received at the relay node and are
specific for a radio band resource allocated to the respective
user equipment.

3. The method of claim 1 wherein each received indication
is a channel quality indication for a unique radio band
resource.

4. The method of claim 3, wherein aggregating comprises
averaging all of the channel quality indications that are
received from a single one of the user equipments, and the
compound signal quality metric is specific to the single one of
the user equipments.

5. The method of claim 3, wherein aggregating comprises
averaging the channel quality indications that are received
from multiple ones of the user equipments for a single radio
band resource.

6. The method of claim 5, further comprising determining
a buffer overload or a buffer underload state for an individual
one of the user equipments and sending to the access node an
indication of the determined buffer underload or buffer over-
load state.

7. The method of claim 6 wherein the determining com-
prises predicting the buffer underload or buffer overload state
and sending to the access node the indication of the predicted
buffer underload or buffer overload state when the state is
predicted.

8. The method of claim 6 wherein sending to the access
node the indication of the predicted bufter underload or buffer
overload state is on a periodic basis and the indication of the
predicted buffer underload or buffer overload state informs of
every one of the user equipments whose buffer state is deter-
mined as underloaded or overloaded.

9. The method of claim 6 wherein the indication of the
buffer underload or buffer overload state is a percentage.

10. The method of claim 1, wherein for a first instance
aggregating comprises averaging all of the channel quality
indications that are received from a single one of the user
equipments; and for a second later instance aggregating com-
prises averaging all of the channel quality indications that are
received from multiple ones of the user equipments for a
single radio band resource, wherein sending comprises send-
ing an indication of the respective compound signal quality
metric to the access node at different times.

11. The method of claim 1, wherein the indication of the
compound signal quality metric is the compound signal qual-
ity metric itself.

12. The method of claim 1, wherein the indication of the
compound signal quality metric comprises a gain applied to a
downlink channel quality parameter that is measured by a
relay node that receives the indications of channel quality
experienced by the user equipments.

13. An apparatus comprising:

a receiver configured to receive from a plurality of user
equipments indications of channel quality experienced
by the user equipments;

a processor configured to aggregate the received indica-
tions into a compound signal quality metric; and
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a transmitter configured to send an indication of the com-
pound signal quality metric to an access node control-
ling a cell in which the user equipments operate.

14. The apparatus of claim 13, wherein:

the receiver is configured to receive a grant from the access
node of radio band resources that are available for allo-
cation to the user equipments; and

the processor is configured to allocate to the user equip-
ments at least some of the radio band resources;

wherein the received indications are specific for a radio band
resource allocated to the respective user equipment.

15. The apparatus of claim 13, wherein each received indi-
cation is a channel quality indication for a unique radio band
resource.

16. The apparatus of claim 15, wherein the processor is
configured to aggregate by averaging all of the channel qual-
ity indications that are received from a single one of the user
equipments, and the compound signal quality metric is spe-
cific to the single one of the user equipments.

17. The apparatus of claim 15, wherein the processor is
configured to aggregate by averaging the channel quality
indications that are received from multiple ones of the user
equipments for a single frequency band.

18. The apparatus of claim 17, further comprising a plural-
ity of user-equipment specific buffers, and wherein the pro-
cessor is configured to determining a buffer overload or a
buffer underload state for an individual one of the user equip-
ment specific buffers and the transmitter is configured to send
to the access node an indication of the determined buffer
underload or buffer overload state.

19. The apparatus of claim 18 wherein the processor is
configured to determine by predicting the buffer underload or
buffer overload state and the transmitter is configured to send
to the access node the indication of the predicted buffer under-
load or buffer overload state when the state is predicted.

20. The apparatus of claim 18 wherein the transmitter is
configured to send to the access node the indication of the
predicted buffer underload or butfer overload state on a peri-
odic basis, and the indication of the predicted buffer under-
load or buffer overload state informs of every one of the user
equipment specific buffers that the processor determines is
underloaded or overloaded.

21. The apparatus of claim 18 wherein the indication of the
buffer underload or buffer overload state is a percentage.

22. The apparatus of claim 13, wherein for a first instance
the processor aggregates by averaging all of the channel qual-
ity indications that are received from a single one of the user
equipments; and for a second later instance the processor
aggregates by averaging all of the channel quality indications
that are received from multiple ones of the user equipments
for a single radio band resource, wherein the transmitter is
configured to send an indication of the respective compound
signal quality metric to the access node at different times.

23. The apparatus of claim 13, wherein the indication of the
compound signal quality metric is the compound signal qual-
ity metric itself.

24. The apparatus of claim 13, wherein the indication of the
compound signal quality metric comprises a gain applied to a
downlink channel quality parameter that the apparatus mea-
sures.

25. A computer readable memory embodying a program of
machine-readable instructions executable by a digital data
processor to perform actions directed toward sending quality
indications, the actions comprising:
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responsive to receiving from a plurality of user equipments
indications of channel quality experienced by the user
equipments, aggregating the received indications into a
compound signal quality metric; and

sending an indication of the compound signal quality met-

ric to an access node controlling a cell in which the user
equipments operate.

26. The computer readable memory of claim 25, wherein
each received indication is a channel quality indication for a
unique radio band resource, and wherein aggregating com-
prises at least one of:

aggregating all of the channel quality indications that are

received from a single one of the user equipments, and
the compound signal quality metric is specific to the
single one of the user equipments; or

aggregating the channel quality indications that are

received from multiple ones of the user equipments for a
single radio band resource.

27. The computer readable memory of claim 26, the actions
further comprising determining a buffer overload or a buffer
underload state for an individual one of the user equipments
and sending to the access node an indication of the deter-
mined buffer underload or buffer overload state with the
indication of the compound signal quality metric.

28. The computer readable memory of claim 27, wherein
the determining comprises predicting the buffer underload or
buffer overload state and sending to the access node the
indication of the predicted buffer underload or bufter over-
load state with the indication of the compound signal quality
metric when the state is predicted.

29. The computer readable memory of claim 27, wherein
sending to the access node the indication of the predicted
buffer underload or buffer overload state with the indication
of the compound signal quality metric is on a periodic basis
and the indication of the predicted buffer underload or buffer
overload state informs of every one of the user equipments
whose buffer state is determined as underloaded or over-
loaded.

30. The computer readable memory of claim 27, wherein
the indication of the buffer underload or buffer overload state
is a percentage.

31. The computer readable memory of claim 25, wherein
the indication of the compound signal quality metric com-
prises a gain applied to a downlink channel quality parameter
measured by a relay node that receives the indications of
channel quality experienced by the user equipments.

32. An apparatus comprising:

receiving means for receiving from a plurality of user

equipments indications of channel quality experienced
by the user equipments;

processing means for aggregating the received indications

into a compound signal quality metric; and

transmit means for sending an indication of the compound

signal quality metric to an access node that controls a
cell in which the user equipments operate.

33. A method comprising:

allocating in a first instance radio resources to a relay node

for use by user equipments under control of the relay
node;
receiving from the relay node a compound signal quality
metric that aggregates channel quality experienced on
links between the user equipments and the relay node;

deciding a new allocation of radio resources based at least
in part on the compound channel quality metric; and
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allocating in a second instance the new allocation of radio

resources to the relay node.

34. The method of claim 33, further comprising receiving
an indication of buffer occupancy of the relay node, and
wherein the new allocation is decided so as to manage flow
control from the user equipments, the flow control being a
function of the compound signal quality metric and the
received buffer occupancy.

35. An apparatus comprising:

a transmitter configured to send to a relay node in a first

instance radio resources for use by user equipments
under control of the relay node;
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a receiver configured to receive from the relay node a
compound signal quality metric that aggregates channel
quality experienced on links between the user equip-
ments and the relay node;

a processor configured to decide a new allocation of radio
resources based at least in part on the received com-
pound channel quality metric; and

the transmitter is further to send to the relay node in a
second instance the new allocation of radio resources.
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