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(57) Abstract: The present invention relates to a method and an apparatus
for simplified serial interference cancellation in multiple- input multiple-
output (MIMO) and non-MIMO wireless systems by using a single hard-
ware element for multiple interference cancelled streams, comprising: re-
ceiving at least one data stream, wherein each data stream from the at least
one data stream was transmitted over a wireless channel; performing inner
decoding of the at least one data stream using a first set of a priori loglike-
lihood ratios (LLRs) and a channel matrix to obtain a first set of extrinsic
LLRs of transmitted bits of the at least one data stream; performing outer
decoding of the first set of extrinsic LLRs to obtain a second set of a poste-
riori LLRs and decoded bits of the at least one data stream; cancelling in-
terference of a data stream from the decoded bits and from the second set
of a posteriori LLRs of at least one data stream to obtain a signal with can-
celled interference, if two or more independant data streams of the at least
one data stream were simultaneously transmitted from multiple antennas.



WO 2011/028936 A1 W00 T 00RO T

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:
GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))

Declarations under Rule 4.17: —  before the expiration of the time limit for amending the

—  as to applicant’s entitlement to apply for and be granted claims and to be republished in the event of receipt of
a patent (Rule 4.17(i1)) amendments (Rule 48.2(h))

— as fto the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))



WO 2011/028936 PCT/US2010/047724

HARDWARE SIMPLIFICATION OF SIC-MIMO DECODING BY USE OF A
SINGLE HARDWARE ELEMENT WITH CHANNEL AND NOISE
ADAPTATION FOR INTERFERENCE CANCELLED STREAMS

BACKGROUND
Field

[0001] Certain aspects of the present disclosure generally relate to wireless
communications and, more particularly, to a method and an apparatus for simplified

decoding in multiple-input multiple-output (MIMO) systems and non-MIMO systems.

Background

[0002] A MIMO receiver with interference cancellation and maximum a posteriori
decoding comprises a hardware element to gather log-likelihood ratio (LLR)
information of transmitted bits, such as the minimum mean square error (MMSE)
equalization block with LLR look-up table (LUT) or the Joint LLR (JLLR) detection
block and any of its simplified versions such as the Max-Log Maximum a posteriori
(MLM) decoding. In an exemplary case of two simultaneously transmitted independent
data streams, one data stream can be typically decoded using an MMSE equalizer with
adapted weights, which can be preceded by an interference cancellation of another data

stream.

[0003] Two different decoding solutions can be distinguished in practice: the

MMSE equalization with LLR LUT followed by another MMSE equalization with LLR
LUT, and the JLLR decoding (or any of its simplified versions) followed by the MMSE
equalization with LLR LUT. However, computational complexity, implementation cost

and processing latency of both schemes can be prohibitively high.

[0004] Therefore, there is a need in the art for decoding scheme based on
interference cancellation that has lower implementation cost and smaller processing

latency, preferably with little or no adverse effect on error rate performance.
SUMMARY

[0005] Certain aspects provide a method for wireless communications. The method

generally includes receiving at least one data stream, wherein each data stream from the
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at least one data stream was transmitted over a wireless channel, performing inner
decoding of the at least one data stream using a first set of a priori log-likelihood ratios
(LLRs) and a channel matrix to obtain a first set of extrinsic LLRs of transmitted bits of
the at least one data stream, performing outer decoding of the first set of extrinsic LLRs
to obtain a second set of a posteriori LLRs and decoded bits of the at least one data
stream, cancelling interference of a data stream from the decoded bits and from the
second set of a posteriori LLRs of the at least one data stream to obtain a signal with
cancelled interference, and applying feedback processing using the signal with cancelled
interference to obtain the channel matrix with updated coefficients and the updated first
set of a priori LLRs, wherein the channel matrix with updated coefficients and the
updated first set of a priori LLRs will be used for the inner decoding of the signal with

cancelled interference.

[0006] Certain aspects provide an apparatus for wireless communications. The
apparatus generally includes a receiver configured to receive at least one data stream,
wherein each data stream from the at least one data stream was transmitted over a
wireless channel, an inner decoder configured to perform inner decoding of the at least
one data stream using a first set of a priori log-likelihood ratios (LLRs) and a channel
matrix to obtain a first set of extrinsic LLRs of transmitted bits of the at least one data
stream, an outer decoder configured to perform outer decoding of the first set of
extrinsic LLRs to obtain a second set of a posteriori LLRs and decoded bits of the at
least one data stream, a cancelling circuit configured to cancel interference of a data
stream from the decoded bits and from the second set of a posteriori LLRs of the at
least one data stream to obtain a signal with cancelled interference, if two or more
independent data streams of the at least one data stream were simultancously
transmitted from multiple antennas, and a feedback circuit configured to apply feedback
processing using the signal with cancelled interference to obtain the channel matrix with
updated coefficients and the updated first set of a priori LLRs, wherein the channel
matrix with updated coefficients and the updated first set of a priori LLRs will be used
for the inner decoding of the signal with cancelled interference, if the two or more

independent data streams were simultaneously transmitted from multiple antennas.

[0007] Certain aspects provide an apparatus for wireless communications. The

apparatus generally includes means for receiving at least one data stream, wherein each
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data stream from the at least one data stream was transmitted over a wireless channel,
means for performing inner decoding of the at least one data stream using a first set of a
priori log-likelihood ratios (LLRs) and a channel matrix to obtain a first set of extrinsic
LLRs of transmitted bits of the at least one data stream, means for performing outer
decoding of the first set of extrinsic LLRs to obtain a second set of a posteriori LLRs
and decoded bits of the at least one data stream, means for cancelling interference of a
data stream from the decoded bits and from the second set of a posteriori LLRs of the at
least one data stream to obtain a signal with cancelled interference, if two or more
independent data streams of the at least one data stream were simultancously
transmitted from multiple antennas, and means for applying feedback processing using
the signal with cancelled interference to obtain the channel matrix with updated
coefficients and the updated first set of a priori LLRs, wherein the channel matrix with
updated coefficients and the updated first set of a priori LLRs will be used for the inner
decoding of the signal with cancelled interference, if the two or more independent data

streams were simultaneously transmitted from multiple antennas.

[0008] Certain aspects provide a computer-program product for wireless
communications. The computer-program product includes a computer-readable medium
comprising instructions executable to receive at least one data stream, wherein each data
stream from the at least one data stream was transmitted over a wireless channel,
perform inner decoding of the at least one data stream using a first set of a priori log-
likelihood ratios (LLRs) and a channel matrix to obtain a first set of extrinsic LLRs of
transmitted bits of the at least one data stream, perform outer decoding of the first set of
extrinsic LLRs to obtain a second set of a posteriori LLRs and decoded bits of the at
least one data stream, cancel interference of a data stream from the decoded bits and
from the second set of a posteriori LLRs of the at least one data stream to obtain a signal
with cancelled interference, if two or more independent data streams of the at least one
data stream were simultancously transmitted from multiple antennas, and apply
feedback processing using the signal with cancelled interference to obtain the channel
matrix with updated coefficients and the updated first set of a priori LLRs, wherein the
channel matrix with updated coefficients and the updated first set of a priori LLRs will
be used for the inner decoding of the signal with cancelled interference, if the two or

more independent data streams were simultancously transmitted from multiple antennas.
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[0009] Certain aspects provide a wireless node. The wireless node generally
includes at least one antenna, a receiver configured to receive at least one data stream
via the at least one antenna, wherein cach data stream from the at least one data stream
was transmitted over a wireless channel, an inner decoder configured to perform inner
decoding of the at least one data stream using a first set of a priori log-likelihood ratios
(LLRs) and a channel matrix to obtain a first set of extrinsic LLRs of transmitted bits of
the at least one data stream, an outer decoder configured to perform outer decoding of
the first set of extrinsic LLRs to obtain a second set of a posteriori LLRs and decoded
bits of the at least one data stream, a cancelling circuit configured to cancel interference
of a data stream from the decoded bits and from the second set of a posteriori LLRs of
the at least one data stream to obtain a signal with cancelled interference, if two or more
independent data streams of the at least one data stream were simultancously
transmitted from multiple antennas, and a feedback circuit configured to apply feedback
processing using the signal with cancelled interference to obtain the channel matrix with
updated coefficients and the updated first set of a priori LLRs, wherein the channel
matrix with updated coefficients and the updated first set of a priori LLRs will be used
for the inner decoding of the signal with cancelled interference, if the two or more

independent data streams were simultaneously transmitted from multiple antennas.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the above-recited features of the present
disclosure can be understood in detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are therefore not to be considered

limiting of its scope, for the description may admit to other equally effective aspects.

[0011] FIG. 1 illustrates an example wireless communication system, in accordance

with certain aspects of the present disclosure.

[0012] FIG. 2 illustrates various components that may be utilized in a wireless

device in accordance with certain aspects of the present disclosure.

[0013] FIG. 3 illustrates an example transmitter that may be used within a wireless

communication system in accordance with certain aspects of the present disclosure.
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[0014] FIG. 4 illustrates an example receiver designed for interference removal in

accordance with certain aspects of the present disclosure.

[0015] FIG. 5 illustrates example operations for interference removal in accordance

with certain aspects of the present disclosure.

[0016] FIG. 5A illustrates example components capable of performing the

operations illustrated in FIG. 5.

[0017] FIG. 6 illustrates a graph of example throughput performance for different
decoding schemes with 16-QAM modulation in accordance with certain aspects of the

present disclosure.

[0018] FIG. 7 illustrates a graph of example throughput performance for different
decoding schemes with 64-QAM modulation in accordance with certain aspects of the

present disclosure.
DETAILED DESCRIPTION

[0019] Various aspects of the disclosure are described more fully hereinafter with
reference to the accompanying drawings. This disclosure may, however, be embodied in
many different forms and should not be construed as limited to any specific structure or
function presented throughout this disclosure. Rather, these aspects are provided so that
this disclosure will be thorough and complete, and will fully convey the scope of the
disclosure to those skilled in the art. Based on the teachings herein one skilled in the art
should appreciate that the scope of the disclosure is intended to cover any aspect of the
disclosure disclosed herein, whether implemented independently of or combined with
any other aspect of the disclosure. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set forth herein. In addition,
the scope of the disclosure is intended to cover such an apparatus or method which is
practiced using other structure, functionality, or structure and functionality in addition to
or other than the various aspects of the disclosure set forth herein. It should be
understood that any aspect of the disclosure disclosed herein may be embodied by one

or more elements of a claim.



WO 2011/028936 PCT/US2010/047724

[0020] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any aspect described herein as “exemplary” is not necessarily

to be construed as preferred or advantageous over other aspects.

[0021] Although particular aspects are described herein, many variations and
permutations of these aspects fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are mentioned, the scope of the
disclosure is not intended to be limited to particular benefits, uses, or objectives. Rather,
aspects of the disclosure are intended to be broadly applicable to different wireless
technologies, system configurations, networks, and transmission protocols, some of
which are illustrated by way of example in the figures and in the following description
of the preferred aspects. The detailed description and drawings are merely illustrative of
the disclosure rather than limiting, the scope of the disclosure being defined by the

appended claims and equivalents thereof.
AN EXAMPLE WIRELESS COMMUNICATION SYSTEM

[0022] The techniques described herein may be used for various broadband wireless
communication systems, including communication systems that are based on an
orthogonal multiplexing scheme and a single carrier transmission. Examples of such
communication systems include Orthogonal Frequency Division Multiple Access
(OFDMA) systems, Single-Carrier Frequency Division Multiple Access (SC-FDMA)
systems, Code Division Multiple Access (CDMA), and so forth. An OFDMA system
utilizes orthogonal frequency division multiplexing (OFDM), which is a modulation
technique that partitions the overall system bandwidth into multiple orthogonal sub-
carriers. These sub-carriers may also be called tones, bins, etc. With OFDM, each sub-
carrier may be independently modulated with data. An SC-FDMA system may utilize
interleaved FDMA (IFDMA) to transmit on sub-carriers that are distributed across the
system bandwidth, localized FDMA (LFDMA) to transmit on a block of adjacent sub-
carriers, or enhanced FDMA (EFDMA) to transmit on multiple blocks of adjacent sub-
carriers. In general, modulation symbols are sent in the frequency domain with OFDM
and in the time domain with SC-FDMA. A CDMA system may utilize spread-spectrum
technology and a coding scheme where each transmitter (i.c., user) is assigned a code in
order to allow multiple users to be multiplexed over the same physical channel. The

CDMA system may utilize, for example, Wideband Code Division Multiple Access (W-
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CDMA) protocol, High Speed Packet Access (HSPA) protocol, evolved Speed Packet
Access (HSPA+) protocol, etc.

[0023] The teachings herein may be incorporated into (e.g., implemented within or
performed by) a variety of wired or wireless apparatuses (e.g., nodes). In some aspects,
a wireless node implemented in accordance with the teachings herein may comprise an

access point or an access terminal.

[0024] An access point (“AP”’) may comprise, be implemented as, or known as
NodeB, Radio Network Controller (“RNC*), eNodeB, Base Station Controller (“BSC*),
Base Transceiver Station (“BTS*), Base Station (“BS*), Transceiver Function (“TF*),
Radio Router, Radio Transceiver, Basic Service Set (“BSS*), Extended Service Set

(“ESS*), Radio Base Station (“RBS*), or some other terminology.

[0025] An access terminal (“AT”) may comprise, be implemented as, or known as
an access terminal, a subscriber station, a subscriber unit, a mobile station, a remote
station, a remote terminal, a user terminal, a user agent, a user device, user equipment,
or some other terminology. In some implementations an access terminal may comprise a
cellular telephone, a cordless telephone, a Session Initiation Protocol (“SIP”) phone, a
wireless local loop (“WLL”) station, a personal digital assistant (“PDA”), a handheld
device having wireless connection capability, or some other suitable processing device
connected to a wireless modem. Accordingly, one or more aspects taught herein may be
incorporated into a phone (e.g., a cellular phone or smart phone), a computer (e.g., a
laptop), a portable communication device, a portable computing device (e.g., a personal
data assistant), an entertainment device (e.g., a music or video device, or a satellite
radio), a global positioning system device, or any other suitable device that is
configured to communicate via a wireless or wired medium. In some aspects the node is
a wireless node. Such wireless node may provide, for example, connectivity for or to a
network (e.g., a wide area network such as the Internet or a cellular network) via a wired

or wireless communication link.

[0026] FIG. 1 illustrates an example of a wireless communication system 100 in
which embodiments of the present disclosure may be employed. The wireless
communication system 100 may be a broadband wireless communication system. The

wireless communication system 100 may provide communication for a number of cells
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102, each of which is serviced by a base station 104. A base station 104 may be a fixed
station that communicates with user terminals 106. The base station 104 may

alternatively be referred to as an access point, a Node B or some other terminology.

[0027] FIG. 1 depicts various user terminals 106 dispersed throughout the system
100. The user terminals 106 may be fixed (i.c., stationary) or mobile. The user
terminals 106 may alternatively be referred to as remote stations, access terminals,
terminals, subscriber units, mobile stations, stations, user equipment, etc. The user
terminals 106 may be wireless devices, such as cellular phones, personal digital
assistants (PDAs), handheld devices, wireless modems, laptop computers, personal

computers, etc.

[0028] A variety of algorithms and methods may be used for transmissions in the
wireless communication system 100 between the base stations 104 and the user
terminals 106. For example, signals may be sent and received between the base stations
104 and the user terminals 106 in accordance with CDMA technique. If this is the case,

the wireless communication system 100 may be referred to as a CDMA system.

[0029] A communication link that facilitates transmission from a base station 104 to
a user terminal 106 may be referred to as a downlink (DL) 108, and a communication
link that facilitates transmission from a user terminal 106 to a base station 104 may be
referred to as an uplink (UL) 110. Alternatively, a downlink 108 may be referred to as a
forward link or a forward channel, and an uplink 110 may be referred to as a reverse

link or a reverse channel.

[0030] A cell 102 may be divided into multiple sectors 112. A sector 112 is a
physical coverage area within a cell 102. Base stations 104 within a wireless
communication system 100 may utilize antennas that concentrate the flow of power
within a particular sector 112 of the cell 102. Such antennas may be referred to as

directional antennas.

[0031] FIG. 2 illustrates various components that may be utilized in a wireless
device 202 that may be employed within the wireless communication system 100. The
wireless device 202 is an example of a device that may be configured to implement the
various methods described herein. The wireless device 202 may be a base station 104 or

a user terminal 106.
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[0032] The wireless device 202 may include a processor 204 which controls
operation of the wireless device 202. The processor 204 may also be referred to as a
central processing unit (CPU). Memory 206, which may include both read-only memory
(ROM) and random access memory (RAM), provides instructions and data to the
processor 204. A portion of the memory 206 may also include non-volatile random
access memory (NVRAM). The processor 204 typically performs logical and arithmetic
operations based on program instructions stored within the memory 206. The
instructions in the memory 206 may be executable to implement the methods described

herein.

[0033] The wireless device 202 may also include a housing 208 that may include a
transmitter 210 and a receiver 212 to allow transmission and reception of data between
the wireless device 202 and a remote location. The transmitter 210 and receiver 212
may be combined into a transceiver 214. A single or a plurality of transmit antennas 216
may be attached to the housing 208 and electrically coupled to the transceiver 214. The
wireless device 202 may also include (not shown) multiple transmitters, multiple

receivers, and multiple transceivers.

[0034] The wireless device 202 may also include a signal detector 218 that may be
used in an effort to detect and quantify the level of signals received by the transceiver
214. The signal detector 218 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The wireless device 202

may also include a digital signal processor (DSP) 220 for use in processing signals.

[0035] The various components of the wireless device 202 may be coupled together
by a bus system 222, which may include a power bus, a control signal bus, and a status

signal bus in addition to a data bus.

[0036] FIG. 3 illustrates an example of a transmitter 300 that may be used within a
wireless communication system 100 that utilizes CDMA.. Portions of the transmitter 300
may be implemented in the transmitter 210 of a wireless device 202. The transmitter
300 may be implemented in a base station 104 for transmitting data 302 to a user
terminal 106 on a downlink 108. The transmitter 300 may also be implemented in a user

terminal 106 for transmitting data 302 to a base station 104 on an uplink 110.
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[0037] Data 302 to be transmitted represent a plurality of signals dedicated to
different user terminals 106. Each signal from the plurality of signals may be spread in a
spreading unit 306 by corresponding spreading code from a set of orthogonal spreading
codes 304. The plurality of spread signals dedicated to different user terminals 106 may
be summed to generate a cumulative signal 308. The cumulative signal 308 to be
transmitted is shown being provided as input to a mapper 310. The mapper 310 may
map the data stream 308 onto constellation points. The mapping may be done using
some modulation constellation, such as binary phase-shift keying (BPSK), quadrature
phase-shift keying (QPSK), 8 phase-shift keying (§PSK), quadrature amplitude
modulation (QAM), etc. Thus, the mapper 310 may output a symbol stream 312, which

may represent an input into a preamble insertion unit 314.

[0038] The preamble insertion unit 314 may be configured for inserting a preamble
sequence at the beginning of the input symbol stream 312, and may generate a
corresponding data stream 316. The preamble may be known at the receiver and may be
utilized for time and frequency synchronization, channel estimation, equalization and
channel decoding. The output 316 of the preamble insertion unit 314 may then be up-
converted to a desired transmit frequency band by a radio frequency (RF) front end 318.
At least one antenna 320 may then transmit a resulting signal 322 over a wireless

channel.

[0039] The MIMO receiver 212 may comprise a hardware element to gather log-
likelihood ratio (LLR) information of transmitted bits, such as the minimum mean
square error (MMSE) equalization block associated with a LLR look-up table (LUT), or
the Joint LLR (JLLR) detection block and any of its simplified versions. One simplified
and faster version of the JLLR detection is the Max-Log Maximum a posteriori (MLM)
decoding. In an exemplary case of two simultaneously transmitted data streams, one
data stream can be typically decoded using an MMSE equalizer with adapted channel
weights, which can be preceded by the serial interference cancellation (SIC) of another
data stream. Therefore, two different decoding solutions can be distinguished in
practice: the MMSE equalization with LLR LUT followed by another MMSE
equalization with LLR LUT, and the JLLR decoding followed by the MMSE
equalization with LLR LUT. However, computational complexity, implementation cost

and processing latency of both schemes may be prohibitively high.
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[0040] For a wireless system with receive diversity, such as an exemplary system
with one transmit antenna and two receive antennas, a noise-whitened signal followed
by maximum ratio combining (MRC) or zero-forced (ZF) equalization may produce
optimal log-likelihood ratios (LLRs) at the receiver. However, in order to achieve this,
the noise variance may need to be scaled properly by a certain factor which may not be

known.

[0041] Certain aspects of the present disclosure support an alternative method to
accurately compute LLRs of the transmitted signal along with efficient interference
cancellation. The proposed method utilizes a single engine for processing of all modes

of operation, such as MIMO, receive diversity, and space-time coding (STC).

INTERFERENCE CANCELLATION BASED ON MLM SCHEME IN MIMO AND
NON-MIMO SYSTEMS

[0042] In the case of multiple-input multiple-output (MIMO) signaling, joint log-
likelihood ratio (JLLR) estimation can produce error rate performance results which are
typically 1-2 dB better than MMSE equalization based methods. However,
computational complexity of the JLLR estimation can be prohibitively high. On the
other hand, the Max-log MAP (MLM) receiver may perform within 0.1 dB of the JLLR
receiver, while computational complexity of the MLM decoding may be significantly

smaller.

[0043] Furthermore, in the case of receive diversity and the STC, a pre-equalization
may need to be applied before MMSE equalization in order to obtain LLRs of
transmitted bits. The computed LLRs may represent optimal LLRs assuming that the
pre-equalization is performed correctly. However, instead of employing the additional
pre-equalization, the same MLM decoding block (or, in general, the JLLR decoding
block) used for MIMO signaling may be directly employed in the case of receive
diversity and the STC.

[0044] Certain aspects of the present disclosure support serial interference
cancellation (SIC) based on MLM decoding followed by one or more MLM algorithms.
In general, the number of sequentially applied MLM schemes may correspond to the
number of simultaneously transmitted independent data streams. However, the same

MLM decoding block may be used multiple times, which may substantially reduce an
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implementation cost of the receiver. Though theoretically the error rate performance
should be slightly worse, the MLM-based solution may perform in practice better than
current implementations because the MMSE equalizer may be susceptible to fixed point

and computation losses.

[0045] FIG. 4 illustrates an example block diagram for interference removal at the
receiver based on the JLLR estimation algorithm in accordance with certain aspects of
the present disclosure. The proposed receiver 400 illustrated in FIG. 4 represents unified
architecture that may support different modes of operation, such as MIMO, STC and

receiver diversity.

[0046] The receiver 400 may comprise a control portion 410, an estimation portion
420 and a feedback portion 430. A received signal 402 may be first stored at a write
control buffer (WCB) 404 and then input into a Joint LLR decoding block 412 of the
control portion 410. The Joint LLR decoding block 412 may perform decoding based on
the simplified and faster MLM scheme. A posteriori log-likelihood ratios (LLRs) 417 of
transmitted bits may be obtained at the output of the Joint LLR block 412.

[0047] The received signal 416 at the input of the Joint LLR block 412 may be also
fed into an amplitude-and-energy (A&E) block 414 to obtain average signal amplitude
and energy 424. The average signal amplitude and energy 424 may be fed into the
estimation block 420 to estimate signal amplitude and noise variance, used by a Turbo
decoder 422. De-rate matching (DRM) operation may be applied by unit 418 on LLRs
417 to generate LLRs 419 of appropriate rate for the Turbo decoder 422. The Turbo
decoder 422 may provide estimated decoded bits 440 after certain number of inner

iterations of the Turbo decoder.

[0048] In order to improve error rate performance, the feedback 430 may be applied
from the estimation portion 420 to the control portion 410. If the interference
cancellation is enabled and the cyclic redundancy check (CRC) at the output of the outer
Turbo decoder 422 passes, then a switch mechanism 424 may allow feedback from the
Turbo decoder 422 to the inner Joint LLR block 412. One data stream may be fully
decoded by the Turbo decoder 422, and then a hard interference of this data stream (i.e.,

decoded bits) may be removed from another data stream.
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[0049] The Joint LLR block 412 may be utilized multiple times according to the
number of independent simultaneously transmitted data streams. In the exemplary case
of two simultancously transmitted data streams, the Joint LLR block 412 on the second
pass may need to utilize adapted channel coefficients in order to implicitly take into
account cancelled interference. 4 posteriori LLRs 432 of the other data stream may be
processed by a systematic block 434 to obtain hard decision (i.c., systematic bits 435) of
the systematic a posteriori LLRs. The systematic bits 435 of the other data stream may
be then re-encoded by unit 436, rate matching (RM) may be applied by unit 438 and a
weight reconstruction block 439 may be utilized in order to generate reconstructed

streams 406 and 408 of appropriate rate for the second pass of the Joint LLR block 412.

[0050] In one aspect of the present disclosure, elements of the MIMO channel
matrix that correspond to the cancelled data stream may be set to zero values (i.e., one
column of the channel matrix may be zeroed). In the case of receive diversity or the
STC, the same methodology may be applied except that the interference cancellation

may not be performed.

[0051] The a posteriori LLRs 432 of the Turbo decoder 422 may be utilized to
estimate soft symbols of transmitted data streams. Corresponding variance of each soft
symbol may be added to original noise covariance matrix as a part of the feedback

processing. The new adapted noise covariance matrix may be given as:

R, =(R, +HAH'), (1)

il

where R is the original non-adapted noise covariance matrix, A is a diagonal matrix

containing variance of each soft symbol, and H represents the MIMO channel matrix
with updated elements after interference cancellation. The adapted noise covariance
matrix defined by equation (1) may be used to whiten the channel coefficients and the

received signal for the next processing iteration.

[0052] In the case of MIMO wireless system, the MRC receiver may be
alternatively utilized to perform a serial interference cancellation (SIC). It can be again
assumed, without loss of generality, the exemplary case of simultaneous transmission of
two independent data streams from two transmit antennas. The Joint LLR block 412

may be initially used to calculate a posteriori LLRs for both data streams. By applying a



WO 2011/028936 PCT/US2010/047724
14

switching mechanism, a particular data stream may be chosen for cancellation. It can be
assumed, without loss of generality, that the first data stream is selected for cancellation.
If the CRC at the output of outer decoder passes, then a hard interference may be

removed from the second data stream, as illustrated in FIG. 4.

[0053] Instead of JLLR, noise whitening may be applied and the MRC processing
may be employed. Alternatively, the MMSE equalization may be applied instead of
MRC, and then LLRs may be computed using LUT. However, it can be observed error
rate performance improvement if the JLLR scheme is used in wideband CDMA systems

instead of MRC and MMSE algorithms.

[0054] FIG. 5 summarizes example operations 500 for interference cancellation
based on JLLR decoding. At 510, at least one data stream transmitted over a wireless
channel may be received at a receiver. At 520, inner decoding (for example,
JLLRdecoding or any of its simplified versions, such as the MLM decoding) of the at
least one data stream using a first set of a priori LLRs and a channel matrix may be
performed to obtain a first set of extrinsic LLRs of transmitted bits of the at least one

data stream.

[0055] At 530, the first set of extrinsic LLRs may be decoded, for example by
employing outer Turbo decoding, to obtain a second set of a posteriori LLRs and to
obtain decoded bits of the at least one data stream. At 540, interference of a data stream
may be cancelled from the decoded bits and from the second set of a posteriori LLRs of
the at least one data stream to obtain a signal with cancelled interference. At 550,
feedback processing may be applied on the signal with cancelled interference to obtain
the channel matrix with updated coefficients and the updated first set of a priori LLRs,
wherein the channel matrix with updated coefficients and the updated first set of a
priori LLRs will be used for the inner decoding of the signal with cancelled

interference. Following this, the operations 520-550 may be repeated.

[0056] Benefit of the proposed interference cancellation technique based on JLLR
decoding is that the complexity required for implementation of separate MMSE
equalization block is removed. In addition, processing latency of the proposed approach
may be smaller compared to the MMSE-based equalization solution. In the case of

wideband CDMA systems, the improvement in processing latency may be
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approximately 14%, and the error rate performance improvement may be as much as 0.3

dB compared to the MMSE-based equalization techniques.

[0057] FIG. 6 and FIG. 7 illustrate graphs of example data throughput performance
for different decoding schemes in the case of 16-QAM and 64-QAM modulations,
respectively. It is again assumed a wireless system with two transmit and two receive

antennas. The 2 x 2 channel matrix used in these exemplary simulations is given as:

H_1 0.7 )
107 1| @

The outer Turbo decoding is applied with code rate of 0.92 and 0.68 for 16-QAM and
64-QAM, respectively.

[0058] The proposed Hard-SIC (MLM) scheme (i.e., plots 620 and 720) can be
compared with the Hard-SIC (symbol equalization - SEQ) scheme based on MMSE
equalization (i.e., plots 650 and 750). It can be observed significant throughput
improvement of the proposed Hard-SIC MLM scheme. In addition, the iterative (i.c.,
soft) SIC based on MLM technique may further increase data throughput (i.e., plots 630
and 730). It can be also observed that similar throughput as in the case of Hard-SIC
MLM scheme may be achieved if the MLM is applied without interference cancellation
(i.e., plot 610 vs. 620 in FIG. 6, and plot 710 vs. 720 in FIG. 7). However, error rate
performance of the non-SIC MLM scheme is substantially worse compared to the Hard-

SIC MLM scheme.

[0059] The various operations of methods described above may be performed by
any suitable means capable of performing the corresponding functions. The means may
include various hardware and/or software component(s) and/or module(s), including,
but not limited to a circuit, an application specific integrate circuit (ASIC), or processor.
Generally, where there are operations illustrated in Figures, those operations may have
corresponding counterpart means-plus-function components with similar numbering.
For example, blocks 510-550 illustrated in FIG. 5 correspond to circuit blocks 510A-
550A illustrated in FIG. 5A.

[0060] As used herein, the term “determining” encompasses a wide variety of

actions. For example, “determining” may include calculating, computing, processing,
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deriving, investigating, looking up (e.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, “determining” may include receiving (e.g.,
receiving information), accessing (e.g., accessing data in a memory) and the like. Also,

“determining” may include resolving, selecting, choosing, establishing and the like.

[0061] The various operations of methods described above may be performed by
any suitable means capable of performing the operations, such as various hardware
and/or software component(s), circuits, and/or module(s). Generally, any operations
illustrated in the Figures may be performed by corresponding functional means capable

of performing the operations.

[0062] The various illustrative logical blocks, modules and circuits described in
connection with the present disclosure 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 signal (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, discrete hardware components or
any combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available 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 microprocessors, one or

more microprocessors in conjunction with a DSP core, or any other such configuration.

[0063] The steps of a method or algorithm described in connection with the present
disclosure may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in any form of
storage medium that is known in the art. Some examples of storage media that may be
used include random access memory (RAM), read only memory (ROM), flash memory,
EPROM memory, EEPROM memory, registers, a hard disk, a removable disk, a CD-
ROM and so forth. A software module may comprise a single instruction, or many
instructions, and may be distributed over several different code segments, among
different programs, and across multiple storage media. A storage medium may be
coupled to a processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be

integral to the processor.
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[0064] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions is specified, the order and/or use of specific steps

and/or actions may be modified without departing from the scope of the claims.

[0065] The functions described may be implemented in hardware, software,
firmware or any combination thereof. If implemented in software, the functions may be
stored as one or more instructions on a computer-readable medium. A storage media
may be any available media that can be accessed by a computer. By way of example,
and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer. Disk and disc, as used herein, include compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk, and Blu-ray® disc where disks usually

reproduce data magnetically, while discs reproduce data optically with lasers.

[0066] Thus, certain aspects may comprise a computer program product for
performing the operations presented herein. For example, such a computer program
product may comprise a computer readable medium having instructions stored (and/or
encoded) thereon, the instructions being executable by one or more processors to
perform the operations described herein. For certain aspects, the computer program

product may include packaging material.

[0067] Software or instructions may also be transmitted over a transmission
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 wireless technologies such as

infrared, radio, and microwave are included in the definition of transmission medium.

[0068] Further, it should be appreciated that modules and/or other appropriate
means for performing the methods and techniques described herein can be downloaded

and/or otherwise obtained by a user terminal and/or base station as applicable. For
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example, such a device can be coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively, various methods described
herein can be provided via storage means (¢.g., RAM, ROM, a physical storage medium
such as a compact disc (CD) or floppy disk, etc.), such that a user terminal and/or base
station can obtain the various methods upon coupling or providing the storage means to
the device. Moreover, any other suitable technique for providing the methods and

techniques described herein to a device can be utilized.

[0069] It is to be understood that the claims are not limited to the precise
configuration and components illustrated above. Various modifications, changes and
variations may be made in the arrangement, operation and details of the methods and

apparatus described above without departing from the scope of the claims.

[0070] The techniques provided herein may be utilized in a variety of applications.
For certain aspects, the techniques presented herein may be incorporated in an access
point station, an access terminal, or other type of wireless device with processing logic

and elements to perform the techniques provided herein.
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CLAIMS
1. A method for wireless communications, comprising:

receiving at least one data stream, wherein each data stream from the at least one

data stream was transmitted over a wireless channel,

performing inner decoding of the at least one data stream using a first set of a
priori log-likelihood ratios (LLRs) and a channel matrix to obtain a first set of extrinsic

LLRs of transmitted bits of the at least one data stream,;

performing outer decoding of the first set of extrinsic LLRs to obtain a second

set of a posteriori LLRs and decoded bits of the at least one data stream;

cancelling interference of a data stream from the decoded bits and from the
second set of a posteriori LLRs of the at least one data stream to obtain a signal with
cancelled interference, if two or more independent data streams of the at least one data

stream were simultaneously transmitted from multiple antennas; and

applying feedback processing using the signal with cancelled interference to
obtain the channel matrix with updated coefficients and the updated first set of a priori
LLRs, wherein the channel matrix with updated coefficients and the updated first set of
a priori LLRs will be used for the inner decoding of the signal with cancelled
interference, if the two or more independent data streams were simultaneously

transmitted from multiple antennas.

2. The method of claim 1, wherein receiving the at least one data stream comprises
receiving two data streams simultaneously transmitted from two antennas, wherein each

data stream from the two data streams is received using a different receive antenna.

3. The method of claim 1, wherein receiving the at least one data stream comprises

receiving one data stream using two receive antennas.

4. The method of claim 3, wherein performing inner decoding comprises decoding
using a portion of the first set of the a priori log likelihood ratios (LLRs), the received

data stream at cach receive antenna, and a column of the channel matrix.



WO 2011/028936 PCT/US2010/047724
20

5. The method of claim 1, wherein receiving the at least one data stream comprises

receiving one data stream using a receive antenna.

6. The method of claim 5, wherein performing inner decoding comprises decoding
using a portion of the first set of the a priori log likelihood ratios (LLRs), the received

data stream and an element of the channel matrix.
7. The method of claim 1, further comprising:

de-rate matching the first set of extrinsic LLRs of transmitted bits of the at least

one data stream before the outer decoding.

8. The method of claim 1, wherein performing inner decoding comprises the Max-

Log Maximum a posteriori (MLM) decoding.

9. The method of claim 1, wherein performing outer decoding comprises the Turbo
decoding.
10.  The method of claim 1, wherein applying feedback processing comprises:

updating the first set of a priori LLRs based on the signal with cancelled

interference;

re-encoding a systematic portion of the signal with cancelled interference to

obtain a re-encoded signal with cancelled interference;

rate matching the re-encoded signal to obtain a rate-matched re-encoded signal

with cancelled interference; and

updating coefficients of the channel matrix using the rate-matched re-encoded

signal with cancelled interference.

11.  The method of claim 10, wherein updating coefficients of the channel matrix
further comprises setting all coefficients of a column of the channel matrix that

corresponds to the cancelled data stream to zero values.
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12. The method of claim 10, further comprising:

computing a variance for each soft symbol of the at least one transmitted data

stream based on the second set of a priori LLRs;

adapting a noise covariance matrix based on a non-adapted noise covariance
matrix, on the computed variance for each soft symbol and on the updated coefficients

of the channel matrix; and

whitening the signal with cancelled interference and the channel matrix with

updated coefficients using the adapted noise covariance matrix.
13.  An apparatus for wireless communications, comprising:

a receiver configured to receive at least one data stream, wherein each data

stream from the at least one data stream was transmitted over a wireless channel;

an inner decoder configured to perform inner decoding of the at least one data
stream using a first set of a priori log-likelihood ratios (LLRs) and a channel matrix to

obtain a first set of extrinsic LLRs of transmitted bits of the at least one data stream;

an outer decoder configured to perform outer decoding of the first set of
extrinsic LLRs to obtain a second set of a posteriori LLRs and decoded bits of the at

least one data stream,;

a cancelling circuit configured to cancel interference of a data stream from the
decoded bits and from the second set of a posteriori LLRs of the at least one data
stream to obtain a signal with cancelled interference, if two or more independent data
streams of the at least one data stream were simultanecously transmitted from multiple

antennas; and

a feedback circuit configured to apply feedback processing using the signal with
cancelled interference to obtain the channel matrix with updated coefficients and the
updated first set of a priori LLRs, wherein the channel matrix with updated coefficients
and the updated first set of a priori LLRs will be used for the inner decoding of the
signal with cancelled interference, if the two or more independent data streams were

simultaneously transmitted from multiple antennas.
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14.  The apparatus of claim 13, wherein the receiver configured to receive the at least
one data stream comprises a circuit configured to receive two data streams
simultaneously transmitted from two antennas, wherein each data stream from the two

data streams is received using a different receive antenna.

15.  The apparatus of claim 13, wherein the receiver configured to receive the at least
one data stream comprises a circuit configured to receive one data stream using two

recelve antennas.

16.  The apparatus of claim 15, wherein the inner decoder configured to perform
inner decoding comprises a circuit configured to decode using a portion of the first set
of the a priori log likelihood ratios (LLRs), the received data stream at each receive

antenna, and a column of the channel matrix.

17.  The apparatus of claim 13, wherein the receiver configured to receive the at least
one data stream comprises a circuit configured to receive one data stream using a

recelve antenna.

18.  The apparatus of claim 17, wherein the inner decoder configured to perform
inner decoding comprises a circuit configured to decode using a portion of the first set
of the a priori log likelihood ratios (LLRS), the received data stream and an element of

the channel matrix.
19.  The apparatus of claim 13, further comprising:

a de-rate matching circuit configured to de-rate match the first set of extrinsic

LLRs of transmitted bits of the at least one data stream before the outer decoding.

20.  The apparatus of claim 13, wherein the inner decoder configured to perform
inner decoding comprises a circuit configured to perform the Max-Log Maximum a

posteriori (MLM) decoding.

21.  The apparatus of claim 13, wherein the outer decoder configured to perform

outer decoding comprises a circuit configured to perform the Turbo decoding.

22.  The apparatus of claim 13, wherein the feedback circuit configured to apply

feedback processing comprises:
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a first circuit configured to update the first set of a priori LLRs based on the

signal with cancelled interference;

an encoding circuit configured to re-encode a systematic portion of the signal

with cancelled interference to obtain a re-encoded signal with cancelled interference;

a rate matching circuit configured to rate match the re-encoded signal to obtain a

rate-matched re-encoded signal with cancelled interference; and

a second circuit configured to update coefficients of the channel matrix using the

rate-matched re-encoded signal with cancelled interference.

23.  The apparatus of claim 22, wherein the second circuit configured to update
coefficients of the channel matrix further comprises a third circuit configured to set all
coefficients of a column of the channel matrix that corresponds to the cancelled data

stream to zero values.
24.  The apparatus of claim 22, further comprising:

a computing circuit configured to compute a variance for each soft symbol of the

at least one transmitted data stream based on the second set of a priori LLRs;

an adapter configured to adapt a noise covariance matrix based on a non-adapted
noise covariance matrix, on the computed variance for each soft symbol and on the

updated coefficients of the channel matrix; and

a whitening circuit configured to whiten the signal with cancelled interference
and the channel matrix with updated coefficients using the adapted noise covariance

matrix.
25.  An apparatus for wireless communications, comprising:

means for receiving at least one data stream, wherein each data stream from the

at least on¢ data stream was transmitted over a wireless channel;

means for performing inner decoding of the at least one data stream using a first
set of a priori log-likelihood ratios (LLRs) and a channel matrix to obtain a first set of

extrinsic LLRs of transmitted bits of the at lecast one data stream;
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means for performing outer decoding of the first set of extrinsic LLRs to obtain

a second set of a posteriori LLRs and decoded bits of the at least one data stream;

means for cancelling interference of a data stream from the decoded bits and
from the second set of a posteriori LLRs of the at least one data stream to obtain a
signal with cancelled interference, if two or more independent data streams of the at

least one data stream were simultaneously transmitted from multiple antennas; and

means for applying feedback processing using the signal with cancelled
interference to obtain the channel matrix with updated coefficients and the updated first
set of a priori LLRs, wherein the channel matrix with updated coefficients and the
updated first set of a priori LLRs will be used for the inner decoding of the signal with
cancelled interference, if the two or more independent data streams were simultancously

transmitted from multiple antennas.

26. A computer-program product for wireless communications, comprising a

computer-readable medium comprising instructions executable to:

receive at least one data stream, wherein cach data strecam from the at least one

data stream was transmitted over a wireless channel,

perform inner decoding of the at least one data stream using a first set of a priori
log-likelihood ratios (LLRs) and a channel matrix to obtain a first set of extrinsic LLRs

of transmitted bits of the at lcast one data stream;

perform outer decoding of the first set of extrinsic LLRs to obtain a second set

of a posteriori LLRs and decoded bits of the at least one data stream;

cancel interference of a data stream from the decoded bits and from the second
set of a posteriori LLRs of the at least one data stream to obtain a signal with cancelled
interference, if two or more independent data streams of the at least one data stream

were simultaneously transmitted from multiple antennas; and

apply feedback processing using the signal with cancelled interference to obtain
the channel matrix with updated coefficients and the updated first set of a priori LLRs,
wherein the channel matrix with updated coefficients and the updated first set of a priori

LLRs will be used for the inner decoding of the signal with cancelled interference, if the
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two or more independent data streams were simultancously transmitted from multiple

antennas.
27. A wireless node, comprising:
at least on¢ antenna;

a receiver configured to receive at least one data stream via the at least one
antenna, wherein each data stream from the at least one data stream was transmitted

over a wireless channel;

an inner decoder configured to perform inner decoding of the at least one data
stream using a first set of a priori log-likelihood ratios (LLRs) and a channel matrix to

obtain a first set of extrinsic LLRs of transmitted bits of the at least one data stream;

an outer decoder configured to perform outer decoding of the first set of
extrinsic LLRs to obtain a second set of a posteriori LLRs and decoded bits of the at

least one data stream,;

a cancelling circuit configured to cancel interference of a data stream from the
decoded bits and from the second set of a posteriori LLRs of the at least one data
stream to obtain a signal with cancelled interference, if two or more independent data
streams of the at least one data stream were simultanecously transmitted from multiple

antennas; and

a feedback circuit configured to apply feedback processing using the signal with
cancelled interference to obtain the channel matrix with updated coefficients and the
updated first set of a priori LLRs, wherein the channel matrix with updated coefficients
and the updated first set of a priori LLRs will be used for the inner decoding of the
signal with cancelled interference, if the two or more independent data streams were

simultaneously transmitted from multiple antennas.
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500

\/\
510

RECEIVE AT LEAST ONE DATA STREAM, WHEREIN EACH DATA
STREAM FROM THE AT LEAST ONE DATA STREAM WAS
TRANSMITTED OVER A WIRELESS CHANNEL

l /520

PERFORM INNER DECODING OF THE AT LEAST ONE DATA STREAM
USING A FIRST SET OF 4 PRIORI LOG LIKELIHOOD RATIOS (LLRs)
AND A CHANNEL MATRIX, TO OBTAIN A FIRST SET OF EXTRINSIC
LLRs OF TRANSMITTED BITS OF THE AT LEAST ONE DATA STREAM

l /530

PERFORM OUTER DECODING OF THE FIRST SET OF EXTRINSIC
LLRs TO OBTAIN A SECOND SET OF 4 POSTERIORI LLRs AND
DECODED BITS OF THE AT LEAST ONE DATA STREAM

l f540

CANCEL INTERFERENCE OF A DATA STREAM FROM THE DECODED
BITS AND THE SECOND SET OF 4 POSTERIORI LLRs OF THE AT
LEAST ONE DATA STREAM TO OBTAIN A SIGNAL WITH
CANCELLED INTERFERENCE

l /550

APPLY FEEDBACK PROCESSING USING THE SIGNAL WITH
CANCELLED INTERFERENCE TO OBTAIN THE CHANNEL MATRIX
WITH UPDATED COEFFICIENTS AND THE UPDATED FIRST SET OF 4
PRIORI LLRs THAT WILL BE USED FOR THE INNER DECODING OF
THE SIGNAL WITH CANCELLED INTERFERENCE

FIG. 5
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500A

KSIOA

A CIRCUIT FOR RECEIVING AT LEAST ONE DATA STREAM, WHEREIN
EACH DATA STREAM FROM THE AT LEAST ONE DATA STREAM WAS
TRANSMITTED OVER A WIRELESS CHANNEL

l f52OA

A CIRCUIT FOR PERFORMING INNER DECODING OF THE AT LEAST
ONE DATA STREAM USING A FIRST SET OF 4 PRIORI LOG
LIKELIHOOD RATIOS (LLRs) AND A CHANNEL MATRIX, TO
OBTAIN A FIRST SET OF EXTRINSIC LLRs OF TRANSMITTED BITS
OF THE AT LEAST ONE DATA STREAM

l f530A

A CIRCUIT FOR PERFORMING OUTER DECODING OF THE FIRST SET OF
EXTRINSIC LLRs TO OBTAIN A SECOND SET OF 4 POSTERIORI LLRs
AND DECODED BITS OF THE AT LEAST ONE DATA STREAM

l /540A

A CIRCUIT FOR CANCELLING INTERFERENCE OF A DATA STREAM
FROM THE DECODED BITS AND THE SECOND SET OF 4 POSTERIORI
LLRs OF THE AT LEAST ONE DATA STREAM TO OBTAIN A SIGNAL
WITH CANCELLED INTERFERENCE

l /550A

A CIRCUIT FOR APPLYING FEEDBACK PROCESSING USING THE
SIGNAL WITH CANCELLED INTERFERENCE TO OBTAIN THE CHANNEL
MATRIX WITH UPDATED COEFFICIENTS AND THE UPDATED FIRST SET

OF 4 PRIORI LLRs THAT WILL BE USED FOR THE INNER DECODING OF
THE SIGNAL WITH CANCELLED INTERFERENCE

FIG. 5A
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