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device estimates a Channel Quality Indicator (CQI), ¢.g., a Signal-to-Noise Ratio (SNR)

of the channel, and feeds it back to the transmitter of the device for proper scheduling.
[0004] An emerging trend in wireless receivers, however, is to use advanced offline or
delayed receivers, which store samples for a period of time and then process these
stored samples in batches using an equalizer, interference cancellation receiver, or other
similar receiver. This approach, however, introduces significant delay due to waiting
that occurs for the batch data to arrive, and due to computing parameters of the receiver.
In addition, delay is introduced due to the particular application of the receiver (i.e.,
equalizer filtering, or interference cancellation).

[0005] A fundamental issue that arises is that such processing delay causes the CQI of
the delayed receiver fed back to the transmitter to become stale (i.c., not current). For
example, if the receiver chain introduces a At time delay, then the reported CQI at a

current time t + At would be based on channel conditions at previous time t. Stale CQI
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indicator from a second receiver. The apparatus also includes means for calculating the

predictive channel quality indicator through a function of the at least one first channel
quality indicator and the at least one second quality channel indicator.

[0009] In still one other aspect, the present disclosure features a computer program
product including computer-readable medium. The medium include code for causing a
computer to determine at least one first channel quality indicator from a first receiver,
code for causing a computer to determine at least one second quality channel indicator
from a second receiver, and code for causing a computer to calculate the predictive
channel quality indicator through a function of the at least one first channel quality

indicator and the at least one second quality channel indicator.
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IR&eiver 102 that receives wireless communication signals. According to an aspect,
receiver 102 includes a delayed receiver unit or module 104 that receives the incoming
signals and performs processing as described previously; i.e., batch processing using an
equalizer or interference cancellation receiver which add processing delays.. The
receiver unit or module 104 is configured, at least in part, to calculate or determine a
CQI value (hereinafter termed delayed receiver CQI or D_CQI).

[0016] Receiver 102 also includes a non-delayed receiver unit or module 106, which
may be configured to simultaneously process (i.c., to the delayed receiver unit 104) the
received communication signals and to calculate a non-delayed CQI (hereinafter termed
non-delayed receiver CQI or ND_CQI). In an aspect, the non-delayed receiver unit or

module 106 may be implemented with an on-time receiver (OTR) or online receiver. In
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[0020] As further illustrated in FIG. 1, CQI Predictive Unit 110 outputs the determined
predicted CQI for the delayed receiver (i.e., DR_CQI(t + At)) over a communication
link 114 (e.g., a wireless uplink) to provide feedback to a transmitter 116 , which may
be a Node B transmitter serving device 100 within a communication system. The
transmitter 116 includes or is in communication with a scheduler 118, which performs
scheduling of system resources for the transmitter 116. By providing a predicted CQI

for a current time, the transmitter 116 will more likely make scheduling decisions based

on a less stale CQI compared to basing scheduling decisions only on D_CQI(t).



DR CQ(t + Dt)). Various exanples of predictive
functions will be discussed later in nore detail.
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(i.e., either ND_CQI(t + At) or ND_CQI(t)) being used in determining D_CQlredicted-
Accordingly, in such an aspect, only one ND_CQI value may need to be determined.

[0023] In another example, a further prediction function or method is contemplated. In
this example, it is again assumed that D_CQI(t) is available at time t + At from the
delayed receiver and that ND_CQI(t + At), and ND_CQI(t) are available from the non-
delayed receiver. Assuming these known CQIs, it is contemplated that a predictive

estimate of D_CQI may be formed by the operation in equation (2) below.

D_CQlpredicied (t + At)=D_CQI(t) + ¢ (ND_CQI(t ) - ND_CQI(t+ At))
(2)
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actual CQI (i.e., D_CQI(t+ At)). As those skilled in the art will appreciate, this results

in a simple optimization problem that can be solved using the least squares technique.
[0028] In yet a further aspect, the proposed CQI estimator can be made unbiased by
infinite impulse response (IIR) filtering the difference of D_CQI (e.g., D_CQI(t)) and
the predicted D_CQI (e.g., D_CQlpredicted) according to following relationship:

unbiased D_CQlyredictea(t + At) = D_CQI(t + At) + Filter [D_CQI(t) - D_CQI(t+AL)]. (4)

[0029] FIG. 3 illustrates flow chart of a basic method that is utilized for the determining

a predictive CQI for a delayed receiver. After initialization, method 300 includes block
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[0033] FIG. 4 illustrates another apparatus 400 that may be determine and utilize a
predictive channel quality indicator in accordance with the present disclosure. It is
noted that apparatus 400 may constitute a user device, base station, one or more
processors, or other applicable hardware/software/firmware for use in a communication
system. As illustrated, the apparatus 400 includes a central data bus 402, or similar

device for linking several circuits together. The circuits include a CPU (Central
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[0037] In the example of FIG. 4, the memory unit 408 may be a RAM (Random Access
Memory) circuit. The exemplary portions, such as the function 416, are software
routines, modules and/or data sets. The memory unit 408 can be tied to another
memory circuit (not shown) which either can be of the volatile or nonvolatile type. As
an alternative, the memory unit 408 can be made of other circuit types, such as an
EEPROM (Electrically Erasable Programmable Read Only Memory), an EPROM
(Electrical Programmable Read Only Memory), a ROM (Read Only Memory), an ASIC
(Application Specific Integrated Circuit), a magnetic disk, an optical disk, and other

computer-readable media well known in the art.



[0036] The CPU controller 406 perforns the function of
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er appreciate that' t various illustrative
[(mgllcﬁhe various illustrative logical blocks, modules, and circuits described in

connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thercof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e¢.g., a combination of a DSP and a microprocessor, a plurality of



bl ocks, nodules, circuits, and al gorithm steps
descri bed in connection with the enbodi mrents di scl osed

wheositsu7may be i npl enented as el ectroni ¢ har dweeBDS2008/062012

conput er software, or conbitmati ons of both. To clearly
illustrate this interchangeability of hardware and
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ium (lnot shown) may BDe coupl d to the processor

beigdeditbeaypy oc sissaodesn'ahpnogwain codeomeaatsiio thef foomof @mstiuctions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of

medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical

disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually



wite information to, the storage medium In the
alternative, the storage nedium my be integral to the

w@e@sasser . The processor and the storage nedi BOT/DB3008/062012

reside in an ASIC. The ASI@imay reside in a user
termnal. In the alternative, the processor and the
storage nedi um may reside as discrete conponents in a
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versatile disc (DVD), floppy disk and blu-ray disc
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di scs reproduce data optically with | asers.
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those skilled in the art nmay now nmake numerous uses

of , and departures from the above-descri bed exanpl es




wi t hout departing fromthe inventive concepts
di scl osed herein. Various nodifications to these

WE@2@sps4es may be readily apparent to those skiPCEUS1008/062012

the art, and the generic pn2nciples defined herein my
be applied to other exanples, e.g., in an instant
nmessagi ng service or any general wreless data

comuni cati on applications ' ut departing fromthe
spirit or scope of the novgi aspects described herein.
Thus, the scope of the disclosure is not intended to
MHAMNSt EHATMED@S:exanpl es shown herein but is to be
accorded the wi dest scope consistent with the

Fot oo triiof e GG EnBRy P gL SRl Reciverin

Q@éﬁhﬁnicﬁn&?@fit n$ ehd/inBdhodSompPrisi¥@npl e, instance, or
|IIustrat|on Any exanpl e described herein as

exen@frtatrngmmugslt FRost qméééwamnej/ quaity endeesttiraned figy receiver;
prefe nt Qu r
hocor dridnigine i M0 42218 e T o B Mufier S
hﬁmdafumgd solely by the scope of the foll ow ng
claims. CLAIMS WHAT 1S CLAIMED I'S: 1. A nethod fa
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teehod as defined in claim1, wherein a plurallty of
first channel quality indicators are determ ned and
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4. The method as defined in claim3, wherein the

non-de| ayed recei rake receiver.
4. %Lc ¥net od as dcfencd in claim 3, wherein the non-delayed receiver is a rake

second

receiver.

5. The method as defined in claim 1, wherein the second receiver is a delayed
receiver.

6. The method as defined in claim 5, wherein the delayed receiver is an equalizer.
7. The method as defined in claim 1, wherein the first receiver is a rake receiver

and the second receiver is an equalizer.

8. The method as defined in claim 1, wherein the function comprises:
D CQI(t+ At)=aD_CQI(t) + b ND_CQI(t + At) + ¢ ND_CQI(t)

where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is the at
least one second quality channel indicator comprising a previous delayed CQI at time t,

ND_CQI(t + At) is one the plurality of first channel quality indicators comprising a non-



5. The nethod as defined in claim1l, wherein the
second receiver is a delayed receiver. 6. The nethod
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an equalizer. 7. The nethod3as defined in claim1,
wherein the first receiver is a rake receiver and the
second receiver is an equalizer. 8. The nethod as
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the at least one first channel quality indicator and the at least one second quality channel
indicator; and

a memory coupled to the at least one processor.

11. The apparatus as defined in claim 10, wherein a plurality of first channel quality
indicators are determined and each of the plurality occur at respective different points in

time.

12.  The apparatus as defined in claim 10, wherein the first receiver is a non-delayed

receiver.

13. The apparatus as defined in claim 12, wherein the non-delayed receiver is a rake

receiver.
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rfeeciecver is a rake receiver. 14. The apparat us as
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second receiver is an equalizer. 17. The apparatus as
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D CQI(t+ At)=D CQI(t) + ¢ (ND_CQI(t) - ND_CQI(t+ At))

where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is the at
least one second quality channel indicator comprising a previous delayed CQI at time t,
ND_CQI(t + At) is one the plurality of first channel quality indicators comprising a non-
delayed CQI at time t + At, ND_CQI(t) is another one the plurality of first channel
quality indicators comprising a non-delayed CQI at time t, and ¢ comprises a

predetermined constant value.

19.  An apparatus for determining a predictive channel quality indicator for a
receiver in a communication system, the apparatus comprising:

means for determining at least one first channel quality indicator from a
first receiver;

means for determining at least one second quality channel indicator from

a second receiver; and



qual ity indicators conprising a non-delayed CQ at
time t, and c conprises a predeterm ned const ant
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25. The apparatus as defined in claim 19, wherein the first receiver is a rake receiver

and the second receiver is an equalizer.

26. The apparatus as defined in claim 19, wherein the function comprises:
D CQI(t+At)=aD CQI(t) +b ND CQI(t+ At) + ¢ ND CQI(t)

where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is the at
least one second quality channel indicator comprising a previous delayed CQI at time t,
ND_CQI(t + At) is one the plurality of first channel quality indicators comprising a non-
delayed CQI at time t + At, ND_CQI(t) is another one the plurality of first channel
quality indicators comprising a non-delayed CQI at time t, and a, b, and ¢ comprise

predetermined constant values.
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in claim30, whes®i for tchesifoB-cdflpawedo lcelkBlaweiheifedictive channel
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detlitn adicaipr dhigngh o Bunciipe PEIe A Fastwedhet Ghapg] daplity dndicator and
ﬁl%la@}/e%gt dnf %Séo\ﬁﬁ quality channel indicator.

29. The computer program product as defined in claim 28, wherein a plurality of
first channel quality indicators are determined and cach of the plurality occur at

respective different points in time.

30. The computer program product as defined in claim 28, wherein the first receiver

is a non-delayed receiver.

31. The computer program product as defined in claim 30, wherein the non-delayed

recelver 1s a rake receiver.

32.  The computer program product as defined in claim 28, wherein the second

receiver is a delayed receiver.

33.  The computer program product as defined in claim 32, wherein the delayed

receiver is an equalizer.



33. The conputer program product as defined in claim

32, wherein the del ayed receiver is an equalizer. 34.
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first receiver is a rake rateiver and the second

receiver is an equalizer. 35. The conputer program

product as defined in claim 28, wherein the code for
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effecting the function:

D CQI(t+ At)=D CQI(t) + ¢ (ND_CQI(t) - ND_CQI(t+ At))

where D_CQI(t + At) is the predictive CQI at a time t + At, D_CQI(t) is the at
least one second quality channel indicator comprising a previous delayed CQI at time t,
ND_CQI(t + At) is one the plurality of first channel quality indicators comprising a non-
delayed CQI at time t + At, ND_CQI(t) is another one the plurality of first channel
quality indicators comprising a non-delayed CQI at time t, and ¢ comprises a

predetermined constant value.



