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(57) ABSTRACT

A method and apparatus for providing total power from one
transmit path. The method provides the steps of: selecting a
transmit path and closing a first switch, located after a digital
to analog converter. A second switch between the two trans-
mit paths is then closed in order to provide for the use of at
least one low-pass filter in each transmit path. The signal is
then processed through the at least one low pass filter in each
transmit path. The signal is then processed through at least
one mixer in each transmit path. After the mixer, the signal is
then processed through at least one driver amplifier in each
transmit path, and one-half of the total power is allocated to
each of two transmission paths. A third switch is then closed
after the at least one power amplifier in each transmit path to
force the half-power from one transmit path into one output.

11 Claims, 11 Drawing Sheets
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TRANSMIT DIVERSITY ARCHITECTURE
WITH OPTIMIZED POWER CONSUMPTION
AND AREA FOR UMTS AND LTE SYSTEMS

BACKGROUND

1. Field

The present disclosure relates generally to communication
systems, and more particularly, to a transmit diversity archi-
tecture with optimized power consumption and an area for
Universal Mobile Telecommunications (UMTS) and Long
Term Evolution (LTE) systems.

2. Background

Wireless communication systems are widely deployed to
provide various types of communication content such as
voice, data, and so on. These systems may be multiple-access
systems capable of supporting communications with multiple
users by sharing the available system resources (e.g., band-
width and transmit power). Examples of such multiple-access
systems include code division multiple access (CDMA) sys-
tems, time division multiple access (TDMA) systems, fre-
quency division multiple access (FDMA), 3GPP Long Term
Evolution (LTE) systems, and orthogonal frequency division
multiple access (OFDMA) systems, and Universal Mobile
Telecommunications (UMTS) systems.

Generally, a wireless multiple-access communication sys-
tem can simultaneously support communication for multiple
wireless terminals. Each terminal communicates with one or
more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the
communication link from the base stations to the terminals,
and the reverse link (or uplink) refers to the communication
link from the terminals to the base stations. This communi-
cation link may be established via a single-in-single-out,
multiple-in-single-out or a multiple-in-multiple-out (MIMO)
system.

A MIMO system employs multiple (N ) transmit antennas
and multiple (N) receive antennas for data transmission. A
MIMO channel formed by the N, transmit and N receive
antennas may be decomposed into N independent channels,
where Ny =min {N,, N;}. Each of the N independent chan-
nels corresponds to a dimension. The MIMO system can
provide improved performance (e.g., higher throughput and/
or greater reliability) if the additional dimensionalities cre-
ated by the multiple transmit and receive antennas are uti-
lized. When multiple transmit antennas are used, the system
can also be described as having transmit diversity.

A MIMO system may support time division duplex (TDD)
and/or frequency division duplex (FDD) systems. In a TDD
system, the forward and reverse link transmissions can be on
the same frequency region so that the reciprocity principle
allows the estimation of the forward link channel from the
reverse link channel. This enables the base station to extract
transmit beamforming gain on the forward link when the
multiple antennas are available at the base station. In an FDD
system, forward and reverse link transmissions are on differ-
ent frequency regions.

Modern cellular phones support multiple carriers and
modes of operation. Increasingly, mobile devices are using
MIMO systems to provide improved wireless communica-
tion performance. While mobile devices often utilize the lat-
est advances in technology, there remains a need to provide
legacy services. Frequently, a mobile device must be capable
of transmit diversity while still operating in a legacy mode
when necessary. Providing such capabilities often requires an
increase in silicon area to provide the added features and
modes of operation.
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In the past, multiple transmit chains for MIMO or transmit
diversity for cellular communications may have been imple-
mented using multiple transmit chips. However, this is an
inefficient use of silicon area and power and requires dupli-
cate synthesizers for the two transmit chips. Duplicate trans-
mit chains could have been implemented on the same chip,
thus saving a synthesizer, but this causes the chip area to grow
dramatically, which makes the chip unsuitable for products
which only support the legacy mode, and causes high power
consumption in the MIMO or transmitter diversity mode.
There is a need in the art for a system architecture that pro-
vides for transmit diversity and optimized power consump-
tion and is also suitable for use with UMTS and LTE systems.
In addition, there is a need in the art for a space saving on the
chip, and a need for a reduced size transmit chain.

SUMMARY

Embodiments disclosed herein provide system architec-
tures with optimized power consumption and area for trans-
mit diversity foruse in UMTS and LTE systems. An apparatus
for transmit diversity in a multiple input multiple output
(MIMO) network is provided. The apparatus provides two
input digital to analog converters, each accepting a data input;
two transmit paths, each path comprising at least one low pass
filter, at least one mixer, and at least one pre-power amplifier
or driver amplifier; at least one switch connecting the two
transmit paths before both digital analog converters or fol-
lowing both digital to analog converters and before an input to
that at least one low pass filter or after the at least one low pass
filter and before the at least one mixer or after the at least one
mixer; and a second switch connecting the two transmit paths
after a mixer and pre-power amplifier. The pre-power ampli-
fier may also be called a driver amplifier. The switches pro-
vide a mechanism to deliver total power at a first transmit data
stream transmission point.

A further embodiment provides a method for providing
total power from two transmit paths. The method provides the
steps of: selecting a transmit path input and selecting one of
the digital to analog converters. A first switch between the two
transmit paths is then closed in order to provide for the use of
at least one low-pass filter in each transmit path. The signal is
then processed through the at least one low pass filter in each
transmit path. The signal is then processed through at least
one mixer in each transmit path. After the mixer, the signal is
then processed through at least one pre-power amplifier or
power amplifier in each transmit path, and one-half of the
total power is allocated to each of two transmission paths. A
second switch is then closed after the at least one pre-power
amplifier or driver amplifier in each transmit path to force the
half-power from each pre-power amplifier or driver amplifier
into one output.

A still further embodiment provides an apparatus for pro-
viding total power from two transmit paths. The apparatus
provides means for closing a first switch between the two
transmit paths to provide for the use of at least one low pass
filter in each transmit path; means for processing the signal
through the atleast one mixer in each transmit path; means for
processing the signal through the at least one pre power
amplifier or driver amplifiers in each transmit path, wherein
half of the total power is allocated to each transmission path;
and means for closing a second switch after the at least one
pre-power amplifier or driver amplifier in each transmit path
to force the half-power from each transmit path into one
output.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a multiple access wireless communica-
tion system, in accordance with certain embodiments of the
disclosure.

FIG. 2 illustrates a block diagram of a communication
system in accordance with certain embodiments of the dis-
closure.

FIG. 3 illustrates a MIMO system architecture typically
used in a wireless communication system.

FIG. 4 illustrates a transmitter architecture that can be
configured for either MIMO operation or legacy operation in
accordance with an embodiment of the disclosure.

FIG. 5 illustrates an architecture of a transmit diversity
architecture when configured for legacy operation in accor-
dance with an embodiment of the disclosure.

FIG. 6 illustrates an architecture of a transmit diversity
architecture when configured for MIMO or transmit diversity
operation in accordance with an embodiment of the disclo-
sure.

FIG. 7 illustrates an architecture of a transmit diversity
architecture in accordance with an embodiment of the disclo-
sure.

FIG. 8 illustrates a second architecture of a transmit diver-
sity architecture in accordance with an embodiment of the
disclosure.

FIG. 9 illustrates a third architecture of a transmit diversity
architecture in accordance with an embodiment of the disclo-
sure.

FIG. 10 illustrates a fourth architecture of a transmit diver-
sity architecture in accordance with an embodiment of the
disclosure.

FIG. 11 is a flow diagram of a method of communicating
over a transmit diversity architecture in accordance with an
embodiment of the disclosure.

DETAILED DESCRIPTION

Various aspects are now described with reference to the
drawings. In the following description, for purposes of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of one or more aspects. It
may be evident, however, that such aspect(s) may be practiced
without these specific details.

As used in this application, the terms “component,” “mod-
ule,” “system” and the like are intended to include a com-
puter-related entity, such as, but not limited to hardware,
firmware, a combination of hardware and software, software,
or software in execution. For example, a component may be,
but is not limited to being, a process running on a processor,
a processor, an object, an executable, a thread of execution, a
program and/or a computer. By way of illustration, both an
application running on a computing device and the comput-
ing device can be a component. One or more components can
reside within a process and/or thread of execution and a
component may be localized on one computer and/or distrib-
uted between two or more computers. In addition, these com-
ponents can execute from various computer readable media
having various data structures stored thereon. The compo-
nents may communicate by way of local and/or remote pro-
cesses such as in accordance with a signal having one or more
data packets, such as data from one component interacting
with another component in alocal system, distributed system,
and/or across a network such as the Internet with other sys-
tems by way of the signal.

Furthermore, various aspects are described herein in con-
nection with a terminal, which can be a wired terminal or a
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4

wireless terminal. A terminal can also be called a system,
device, subscriber unit, subscriber station, mobile station,
mobile, mobile device, remote station, remote terminal,
access terminal, user terminal, communication device, user
agent, user device, or user equipment (UE). A wireless termi-
nal may be a cellular telephone, a satellite phone, a cordless
telephone, a Session Initiation Protocol (SIP) phone, a wire-
less local loop (WLL) station, a personal digital assistant
(PDA), a handheld device having wireless connection capa-
bility, a computing device, or other processing devices con-
nected to a wireless modem. Moreover, various aspects are
described herein in connection with a base station. A base
station may be utilized for communicating with wireless ter-
minal(s) and may also be referred to as an access point, a
Node B, or some other terminology.

Moreover, the term “or” is intended to mean an inclusive
“or” rather than an exclusive “or.” That is, unless specified
otherwise, or clear from the context, the phrase “X employs A
or B” is intended to mean any of the natural inclusive permu-
tations. That is, the phrase “X employs A or B” is satisfied by
any of the following instances: X employs A; X employs B; or
X employs both A and B. In addition, the articles “a” and “an”
as used in this application and the appended claims should
generally be construed to mean “one or more” unless speci-
fied otherwise or clear from the context to be directed to a
singular form.

The techniques described herein may be used for various
wireless communication networks such as Code Division
Multiple Access (CDMA) networks, Time Division Multiple
Access (TDMA) networks, Frequency Division Multiple
Access (FDMA) networks, Orthogonal FDMA (OFDMA)
networks, Single-Carrier FDMA (SC-FDMA) networks, etc.
The terms “networks” and “systems” are often used inter-
changeably. A CDMA network may implement a radio tech-
nology such as Universal Terrestrial Radio Access (UTRA),
CDMA2000, etc. UTRA includes Wideband CDMA
(W-CDMA). CDMA2000 covers 1S-2000, 1S-95 and tech-
nology such as Global System for Mobile Communication
(GSM).

An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), the Institute of Electrical
and Electronics Engineers (IEEE) 802.11, IEEE 802.16,
IEEE 802.20, Flash-OFDAM®, etc. UTRA, E-UTRA, and
GSM are part of Universal Mobile Telecommunication Sys-
tem (UMTS). Long Term Evolution (LTE) is a release of
UMTS that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS,
and LTE are described in documents from an organization
named “3’¢ Generation Partnership Project” (3GPP).
CDMAZ2000 is described in documents from an organization
named “3"¢ Generation Partnership Project 2” (3GPP2).
These various radio technologies and standards are known in
the art. For clarity, certain aspects of the techniques are
described below for LTE, and LTE terminology is used in
much ofthe description below. It should be noted that the LTE
terminology is used by way of illustration and the scope of the
disclosure is not limited to LTE. Rather, the techniques
described herein may be utilized in various application
involving wireless transmissions, such as personal area net-
works (PANs), body area networks (BANs), location, Blue-
tooth, GPS, UWB, RFID, and the like. Further, the techniques
may also be utilized in wired systems, such as cable modems,
fiber-based systems, and the like.

Single carrier frequency division multiple access (SC-
FDMA), which utilizes single carrier modulation and fre-
quency domain equalization has similar performance and
essentially the same overall complexity as those of an
OFDMA system. SC-FDMA signal may have lower peak-to-
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average power ration (PAPR) because of its inherent single
carrier structure. SC-FDMA may be used in the uplink com-
munications where the lower PAPR greatly benefits the
mobile terminal in terms of transmit power efficiency.

FIG. 1 illustrates a multiple access wireless communica-
tion system 100 according to one aspect. An access point 102
(AP) includes multiple antenna groups, one including 104
and 106, another including 108 and 110, and an additional one
including 112 and 114. In FIG. 1, only two antennas are
shown for each antenna group, however, more or fewer anten-
nas may be utilized for each antenna group. Access terminal
116 (AT) is in communication with antennas 112 and 114,
where antennas 112 and 114 transmit information to access
terminal 116 over downlink or forward link 118 and receive
information from access terminal 116 over uplink or reverse
link 120. Access terminal 122 is in communication with
antennas 106 and 108, where antennas 106 and 108 transmit
information to access terminal 122 over downlink or forward
link 124 and receive information from access terminal 122
over uplink or reverse link 126. In a Frequency Division
Duplex (FDD) system, communication links 118, 120, 124,
and 126 may use a different frequency for communication.
For example, downlink or forward link 118 may use a difter-
ent frequency than that used by uplink or reverse link 120.

Each group of antennas and/or the area in which they are
designed to communicate is often referred to as a sector of the
access point. In an aspect, antenna groups each are designed
to communicate to access terminals in a sector of the areas
covered by access point 102.

In communication over downlinks or forward links 118
and 124, the transmitting antennas of access point may utilize
beamforming in order to improve the signal-to-noise ratio
(SNR) of downlinks or forward links for the different access
terminals 116 and 122. Also, an access point using beam-
forming to transmit to access terminals scattered randomly
through its coverage causes less interference to access termi-
nals in neighboring cells than an access point transmitting
through a single antenna to all its access terminals.

An access point may be a fixed station used for communi-
cating with the terminals and may also be referred to as a
Node B, an evolved Node B (eNB), or some other terminol-
ogy. An access terminal may also be called a mobile station,
user equipment (UE), a wireless communication device, ter-
minal, or some other terminology.

FIG. 2 is a block diagram of an aspect of a transmitter
system 210 and areceiver system 250 in a MIMO system 200.
Atthetransmitter system 210, traffic data for a number of data
streams is provided from a data source 212 to a transmit (TX)
data processor 214. An embodiment of the disclosure is also
applicable to a wireline (wired) equivalent of the system
shown in FIG. 2.

In an aspect, each data stream is transmitted over a respec-
tive transmit antenna. TX data processor 214 formats, codes,
and interleaves the traffic data for each data stream based on
a particular coding scheme selected for that data stream to
provided coded data.

The coded data for each data stream may be multiplexed
with pilot data using OFDM techniques. The pilot data is
typically a known data pattern that is processed in a known
manner and may be used at the receiver system to estimate the
channel response. The multiplexed pilot and coded data for
each data stream is then modulated (e.g., symbol mapped)
based on a particular based on a particular modulation
scheme (e.g., a Binary Phase Shift Keying (BPSK), Quadra-
ture Phase Shift Keying (QPSK), M-PSK in which M may be
a power of two, or M-QAM, (Quadrature Amplitude Modu-
lation)) selected for that data stream to provide modulation
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symbols. The data rate, coding, and modulation for each data
stream may be determined by instructions performed by pro-
cessor 230 that may be coupled with a memory 232.

The modulation symbols for all data streams are then pro-
vided to a TX MIMO processor 220, which may further
process the modulation symbols (e.g., for OFDM). TX
MIMO processor 220 then provides N, modulation symbol
streams to N transmitters (TMTR) 222a through 222¢. In
certain aspects TX MIMO processor 220 applies beamform-
ing weights to the symbols of the data streams and to the
antenna from which the symbol is being transmitted.

Each transmitter 222 receives and processes a respective
symbol stream to provide one or more analog signals, and
further conditions (e.g., amplifies, filters, and upconverts) the
analog signals to provide a modulated signal suitable for
transmission over the MIMO channel. N, modulated signals
from transmitters 222a through 2227 are then transmitted
from N, antennas 224qa through 224z, respectively.

At receiver system 250, the transmitted modulated signals
are received by the N antennas 2524 through 2527 and the
received signal from each antenna 252 is provided to a respec-
tive receiver (RCVR) 2544 through 254r. each receiver 254
conditions (e.g., filters, amplifies, and downconverts) a
respective received signal, digitizes the conditioned signal to
provide samples, and further processes the samples to provide
a corresponding “received” symbol stream.

An RX data processor 260 then receives and processes the
Ny, received symbol streams from N receivers 254 based on
a particular receiver processing technique to provide N,
“detected” symbol streams. The RX data processor 260 then
demodulates, deinterleaves, and decodes each detected sym-
bol stream to recover the traffic data for the data stream. The
processing by RX processor 260 is complementary to that
performed by TX MIMO processor 220 and TX data proces-
sor 214 at transmitter system 210.

Processor 270, coupled to memory 272, formulates a
reverse link message. The reverse link message may comprise
various types of information regarding the communication
link and/or the received data stream. The reverse link message
is then processed by a TX data processor 238, which also
receives traffic data for a number of data streams for ma data
source 236, modulated by a modulator 280, conditioned by
transmitters 254a through 2547, and transmitted back to
transmitter system 210.

At transmitter system 210, the modulated signals from
receiver system 250 are received by antennas 224, condi-
tioned by receivers 222, demodulated by a demodulator 240
and processed by a RX data processor 242 to extract the
reserve link message transmitted by the receiver system 250.

The embodiments described herein provide RF MIMO or
transmit diversity and legacy mode operation with minimal
increases in area and current consumption. Transmit diversity
may encompass actual transmit diversity as well as uplink
multiple input-multiple output systems (UL MIMO). The
embodiments described herein lock two transmit frequencies
to the same local oscillator (LO), which is critical for MIMO
and transmit diversity performance. The architecture embodi-
ments described herein apply to UL MIMO, UMTS, and LTE
systems.

Generally, a wireless multiple-access communication sys-
tem may simultaneously support communication for multiple
wireless terminals. Each terminal communicates with one or
more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the
communication link from the base stations to the terminals,
and the reverse link (or uplink) refers to the communication
link from the terminals to the base stations. This communi-
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cation link may be established via a single-in-single-out,
multiple-in-single-out, or a MIMO system.

A MIMO systems employs multiple (N ;) transmit anten-
nas and multiple N, receive antennas for data transmission. A
MIMO channel formed by the N, transmit and N receive
antennas may be decomposed into N independent channels,
where Ngzmin {N,, N.}. Each of the N independent chan-
nels corresponds to a dimension. The MIMO system can
provide improved performance, (e.g., higher throughput and/
or greater reliability) if the additional dimensionalities cre-
ated by the multiple transmit and receive antennas are uti-
lized.

A MIMO system may support time division duplex (TDD)
and/or frequency division duplex (FDD) systems. In a TDD
system, the forward and reverse link transmissions should be
on the same frequency region so that the reciprocity principle
allows the estimation of the forward link channel from the
reverse link channel. This enables the base station to extract
transmit beamforming gain on the forward link when the
multiple antennas are available at the base station. In an FDD
system, forward and reverse link transmissions are in differ-
ent frequency regions.

FIG. 3 provides an overview of the architecture of a typical
MIMO system. The system, 300 includes the elements dis-
cussed below. Channels 302A-E are input to respective
spreading devices 304A-E. Channel 302A is the dedicated
physical control channel (DPCCH) 302B is the dedicated
physical control channel (DPDCH), 302C is the high speed
dedicated physical control channel (HS-DPCCH), 302D is
the enhanced dedicated physical data channel (E-DPCCH)
302E is the synchronization enhanced dedicated physical
control channel (S-E-DPCCH). In a similar fashion, channels
308A-D are input to a second spreading device 310. Channel
308A is the enhanced dedicated physical data channel num-
ber 1, 308B is the enhanced dedicated physical data channel
number 2, 308C is the enhanced dedicated physical data
channel number 3, and 308D is the enhanced dedicated physi-
cal data channel number 4.

Channel 312, the synchronized dedicated physical control
channel (S-DPCCH) in input to spreading device 316. Simi-
larly, channels 314A-D are input to spreading device 318.
Channel 314A is the synchronized dedicated physical data
channel number 1, channel 314B is the synchronized dedi-
cated physical data channel number 2, channel 314C is the
synchronized dedicated physical data channel number 3, and
314D is the synchronized dedicated physical data channel
number 4.

The summer device sums the inputs from the channels that
are sent to it for processing. Each summer, 316 and 320
outputs results to a mixer. Summer 306 outputs results to
mixer 322, while summer 320 outputs results to mixer 332.
Each mixer takes the [+jQ products of the summer and mixes
withthe S, ,  input to form an output product. This output
productis then input to another two mixers, 324 A and B in the
case of mixer 322, and 334A and B in the case of mixer 332.
In mixer 324 A weights w1 are applied and in mixer 324B
weights w2 are applied. In mixer 334A weights w3 are
applied and in mixer 334B weights w4 are applied. The prod-
ucts from mixer 324A are sent to summer 326. The products
from mixer 324B are sent to summer 336. The products from
334A are sent to summer 326 and the products from 3348 are
sent to summer 336. As a result, summers 326 and 336 each
receive an input from both mixers 322 and 332. Summers 326
and 336 provide inputs to the modulation functions 328 and
338. The modulation functions in turn deliver their respective
outputs to antennas 330 and 340 for transmission.
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The architecture of the embodiments proposed for MIMO
systems uses two transmit chains. The baseband circuits may
either transmit the same signal on both chains, or may trans-
mit two different signals, one on each transmit chain. The goal
is to maintain legacy device operation and to provide optimal
performance. In the embodiments, there are two digital to
analog converters (DAC), two data streams and one phase
lock loop (PLL) and one or two local oscillator dividers. If
two dividers are used, coordination between the dividers is
needed when in legacy mode so that I and Q outputs of both
dividers are in phase with each other. Two upconverters and
two local oscillator buffers may also be used.

FIG. 4 illustrates a transmitter architecture that can be
configured for either MIMO operation or legacy operation. In
FIG. 4, in the system 400, two data inputs DATA1 and DATA2
can be provided to two digital to analog converters (DAC)
402A and 402B. Switches S1 404A, S2 404B and S3 405
allow transmit baseband signals from DAC 402A and DAC
402B to be coupled to low pass filters (LPF) 406A and 406B.
Transmit baseband signals from LPF 406A and 406B are
coupled to mixers 410A and 410B. Mixers 410A and 410B
receive local oscillator signal from local oscillator buffers
412A and 412B and upconvert transmit baseband signals to
radio frequency signals. Radio frequency signals at output of
mixers 410A and 410B are coupled to driver amplifiers (DA)
426A and 426B. Switches S4 430A, S5 428, and S6 430B
allow radio frequency transmit signals from DA 426A and
426B to be coupled to outputs TX1 and TX2. PLL, VCO,
VCO Buffer, and Divider provide quadrature LO signals to
local oscillator buffers 412A and 412B.

It should be understood that switches 404A S1 and 404B
S2 can be integrated within DAC 402A and 402B, for
example by providing a “open switch” mode in the DAC
where the DAC output is set to a high impedance state and no
signal is provided from the DAC. When the DAC 402A or
402B operates normally and outputs a signal, this is equiva-
lent to closing switch 404A S1 or 404B S2 respectively and
allowing signal from DAC 402A or 402B to be coupled to
subsequent stages of transmit system 400.

Likewise, switches S4 430 A and S6 430B can be integrated
within driver amplifier 426A and 426B respectively, for
example by use of a cascode amplifier within driver amplifier
which can be enabled or disabled. Within DA 426A enabling
the cascode amplifier is equivalent to closing switch S4 430A
and disabling the cascode amplifier is equivalent to opening
switch S4 430A. Within DA 426B enabling the cascode
amplifier is equivalent to closing switch S6 430B and dis-
abling the cascode amplifier is equivalent to opening switch
S6 430B.

FIG. 5 illustrates an architecture of a transmit diversity
architecture when configured for legacy operation. FIG. 5
illustrates the system 500 in one possible configuration for
legacy operation. Switches 504A S1 and 505 S3 are closed
while switch 504B S2 is open, allowing signal DATA1 to
drive DAC 502A. DAC 502B is not used in the configuration
and can be disabled to save power. DAC 502A transmit base-
band signal is coupled to LPF 506A and LPF 506B. LPF
outputs are coupled to mixers 510A and 510B. Mixer outputs
are coupled to driver amplifiers 526A and 526B. Switches
530A S4 and 528 S5 are closed while switch 530B S6 is open
providing total power of radio frequency transmit signal to
signal TX1. Other configurations for legacy mode are pos-
sible, as when input data is provided on DATA1 and output
signal is on TX2, input data is on DATA2 and output signal is
on TX1 and input data is on DATA2 and output signal is on
TX2. As will be described later this document, the location of
505 S3 can also be varied.
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FIG. 6 illustrates an architecture of a transmit diversity
architecture when configured for MIMO or transmit diversity
operation. FIG. 6 illustrates the system 600 in one possible
configuration for MIMO operation. In MIMO operation dif-
ferent input signals are provided on DATA1 and DATA2 as
previously described in FIG. 3. Switches 604A S1 and 604B
S2 are closed while switch 605 S3 is open. Transmit baseband
signal from DAC 602A is coupled to LPF 606A. A different
transmit baseband signal from DAC 602B is coupled to LPF
606B. Transmit baseband signal output from LPF 606A is
coupled to mixer 610A. A different transmit baseband signal
from LPF 606B is coupled to mixer 610B. Radio frequency
transmit signal from mixer 610A is coupled to driver ampli-
fier 626 A. A different radio frequency transmit signal from
mixer 610B is coupled to driver amplifier 6268B. Switches
630A S4 and 630B S6 are closed while switch 628 S5 is open,
allowing transmit signal that originated with DATA1 stream
to be coupled to output TX1 and a different transmit signal
that originated with DATA?2 stream to be coupled to output
TX2.

FIG. 7 illustrates an embodiment of a system architecture
of a transmit diversity architecture with optimized power
consumption and an area for UMTS and LTE systems with
two transmit chains and the entire architecture divided into
two pieces. In FIG. 7, in the system 700, Data 1 is input
through a digital to analog converter (DAC) 702A and Data 2
is input through (DAC) 702B. Data 1 and Data 2 are linked by
switch 701. After DAC 702A, the Data 1 passed through
switch 704A, while Data 2 passes through switch 704B.
These two paths are connected through switch 705. Data 1
then passes through low pass filters 706 A-C, while Data 2
passes through 706D-F. After the low pass filters 706 A-F, the
paths are linked through switch 708. Data 1 then passes
through mixers 710A-C, and Data 2 passes through mixers
710D-F. The paths are connected through buffers 712A and
712B. Divider 714 provides an input between buffers 712A
and 712B. The divider 714 input originates with a crystal
oscillator 722 that provides input to PLL 720. The PLL input
is provided to variable oscillator 718. The VCO 718 output is
sent to the VCO buffer 716 that in turn provides input to the
divider 714.

The output from the mixers 710A-F is connected through
switch 724. The output from the mixers 710A-F are then
passed through amplifiers 726 A-C for Data 1 and 726D-F for
Data 2. The output between Data 1°s path and Data 2’s path is
connected by switch 728. Each transmit path, Tx1 and Tx2 is
connected to a switch, for Tx1 switch 730A and for Tx2
switch 730B and switch 728. This produces a longer path for
Data 2 to traverse, which may not be desirable in some sys-
tems. In tracing the paths after the signals exit switches 704A
and 704B it is apparent that Data 1 takes a straight path
through switch 730A, while Data 2 must pass through switch
730A and switch 728.

The architecture in FIG. 7 provides for maximum power to
be delivered at output Tx1. This is achieved by closing switch
704A, switch 705, 730A, and switch 728. Total power may
also be achieved at Tx2 by adjusting the switch settings,
closing switches 704 A, 705, 708, and 730B. The architecture
of FIG. 7 also allows for power consumption control by
selecting how many low pass filters 706 A-F are enabled fora
given output signal strength at TX1 or TX2. Power consump-
tion control may also be exercised by selecting how many
mixers 710A-F are enabled for a given output signal strength
at TX1 or TX2. Power consumption control may also be
exercised by selecting how many driver amplifiers 726 A-F
are enabled for a given output signal strength at TX1 or TX2.
In the upper signal path LPF 706 A-C may have relative sizes
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of 1%, 2x, or 4x or any combination thereof. Mixer 710A-C
may have relative sizes of 1x, 2x or 4x or any combination
thereof. Driver amplifier 726 A-C may have relative sizes of
1x, 2x or 4x or any combination thereof. Power consumption
scaling and gain scaling by ratios of 1x, 2x and 4x is an
example embodiment and other scaling ratios may be used.

FIG. 8 illustrates a second embodiment of a transmit archi-
tecture for uplink MIMO and transmit diversity. Two DACs,
802A and 802B are provided along with a crossed switch
pathway with switches 830A, 830D, 830C, and 830B. After
exiting the DACs 802A and 802B, Data 1 is passed through
switch 804A, while Data 2 passes through 804B. The paths
are connected to switch 805. Data 1 then passes through low
pass filters 806A-C and Data 2 passes through low pass filters
806D-F. The paths are then connected through switch 808.
The embodiment of FIG. 8 provides equal length paths
because of the cross switch. Data 1 then passes through mix-
ers 810A-C, and Data 2 passes through mixers 810D-F. The
paths are connected through buffers 812A and 812B. Divider
814 provides an input between buffers 812A and 812B. The
divider 814 input originates with a crystal oscillator 822 that
provides input to PLL 820. The PLL input is provided to
variable oscillator 818. The VCO 818 output is sent to the
VCO butfer 816 that in turn provides input to the divider 814.

The output from the mixers 810A-F is connected through
switch 824. The mixers 810A-F are then passed through
amplifiers 826 A-C for Data 1 and 826D-F for Data 2. Data 1
and Data 2 then passes through the crossed switches as
described above.

In diversity mode operation, switches 804A and 830A are
closed in the upper transmit chain and 804B and 830B are
closed in the lower transmit chain. When operated in this
configuration, half of the power is output at Tx1 and half at
Tx2 for a balanced mode that avoids mixing products.

FIG. 9 illustrates a third embodiment of a transmit archi-
tecture for uplink MIMO and transmit diversity. Two DACs,
902A and 902B are provided along with a crossed switch
pathway with switches 930A, 930D, 930C, and 930B. After
exiting the DACs 902A and 902B, Data 1 passed through
switch 904A, while Data 2 passes through 904B. The paths
are connected to switch 905. Data 1 then passes through low
pass filters 906 A-C and Data 2 passes through low pass filters
906D-F. The paths are then connected through switch 908.
Data 1 then passes through mixers 910A-C, and Data 2 passes
through mixers 910D-F. The paths are connected through
buffers 912A and 912B. Divider 914 provides an input
between buffers 912A and 912B. The divider 914 input origi-
nates with a crystal oscillator 922 that provides input to PLL
920. The PLL input is provided to variable oscillator 918. The
VCO 918 output is sent to the VCO buffer 916 that in turn
provides input to the divider 914.

The output from the mixers 910A-F is connected through
switch 924. The mixers 910A-F are then passed through
amplifiers 926 A-C for Data 1 and 926D-F for Data 2. In this
embodiment a switch is provided before power amplifier
assembly 928. A switch 932A is provided before power
amplifier 934A for Data 1. A switch 932B is provided before
power amplifier 934B. The paths are connected by switch
930. This third embodiment provides an equal signal path.

FIG. 10 illustrates a third embodiment of a transmit archi-
tecture for uplink MIMO and transmit diversity. Two DACs,
1002A and 1002B are provided along with a crossed switch
pathway with switches 1030A, 1030D, 1030C, and 1030B.
After exiting the DACs 1002A and 1002B, Data 1 passed
through switch 1004 A, while Data 2 passes through 1004B.
The paths are connected to switch 1005. Data 1 then passes
through low pass filters 1006 A-C and Data 2 passes through
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low pass filters 1006D-F. The paths are then connected
through switch 1008. Data 1 then passes through mixers
1010A-C, and Data 2 passes through mixers 1010D-F. The
paths are connected through buffers 1012A and 1012B.
Divider 1014 provides an input between buffers 1012A and
1012B. The divider 1014 input originates with a crystal oscil-
lator 1022 that provides input to PLL 1020. The PLL input is
provided to variable oscillator 1018. The VCO 1018 output is
sent to the VCO buffer 116 that in turn provides input to the
divider 71014.

The output from the mixers 1010A-F is connected through
switch 1024. The mixers 1010A-F are then passed through
amplifiers 1026 A-C for Data 1 and 1026D-F for Data 2. In
this embodiment a switch is provided before power amplifier
assembly 1028. A switch 1032A is provided before power
amplifier 1034A for Data 1. A switch 1032B is provided
before power amplifier 1034B. A cross switch consisting of
switches 1030A and 1030B is provided. This embodiment a
crossed switch is provided just before the power amplifiers
1034A and 1035B. The embodiment illustrated in FIG. 10
provides for mutually exclusive transmission paths.

In each of the embodiments depicted in FIGS. 4-10, the
transmit branches Tx 1 and Tx 2 are half-sized. The signal
between Paths 1 and 2 may be re-combined using switch 705,
805, 905, or 1005 (at the low pass filter input), 708, 808, 908,
and 1008 (at mixer input), 724, 824, 924, and 1024 at (DA
input), 701,801, 901, and 1001 (at DAC input). This provides
for maximum flexibility. While multiple switches are illus-
trated and may be incorporated, at a minimum only one
switch needs to be implemented, one of 705, 805, 905, and
1005, 708, 808, 908, and 1008, or 701, 801, 901, and 1001
rather than 724, 824, 924, and 1024 may be selected. While
the embodiment of FIG. 8 provides an extra switch, the archi-
tecture provides more balancing between the two transmit
streams. Both signal paths traverse one switch at the DA
output, which provides support for legacy modes and devices.

FIGS. 4, 5, 6, 7 and 8 depict combining the signals inside
the transceiver, while FIGS. 9 and 10 make the signal com-
bination inside the power amplifier.

FIG. 11 provides a flow chart of a method of wireless
communication using an apparatus providing transmit diver-
sity with optimized power consumption. In step 102 the trans-
mit path is selected and a first switch after a digital to analog
converter is closed. In step 80411, a second switch is closed
between the two transmit paths. The signal is then processed
through the low-pass filter in step 1106. After the low-pass
filter processing is complete, the signal is then processed
through at least one mixer in the transmit path in step 1108.
The signal is then processed through at least one driver ampli-
fier in each transmit path in step 1110. After the driver ampli-
fier amplifies the signal, a third switch is closed in step 1112
and the signal is ready to be transmitted.

It is understood that the specific order or hierarchy of steps
in the processes disclosed is an illustration of exemplary
approaches. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes
may be rearranged. The accompanying method claims
present elements of the various steps in a sample order, and
are not meant to be limited to the specific order or hierarchy
presented.

The previous description is provided to enable any person
skilled in the art to practice the various aspects described
herein. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects. Thus, the
claims are not intended to be limited to the aspects shown
herein, but is to be accorded the full scope consistent with the
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language claims, wherein reference to an element in the sin-
gular is not intended to mean “one and only one” unless
specifically so stated, but rather “one or more.” Unless spe-
cifically stated otherwise, the term “some” refers to one or
more. All structural and functional equivalents to the ele-
ments of the various aspects described throughout this dis-
closure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedi-
cated to the public regardless of whether such disclosure is
explicitly recited in the claims. No claim element is to be
construed as a means plus function unless the element is
expressly recited using the phrase “means for.”

What is claimed is:

1. An apparatus for transmit diversity in a multiple input

multiple output (MIMO) network, comprising:

two input digital to analog converters, each accepting a
data input;

two transmit paths, each path comprising at least one low
pass filter, at least one mixer, and at least one driver
amplifier;

a first switch connecting the two transmit paths before the
driver amplifier;

a second switch connecting the transmit paths after the
driver amplifier; and further comprising a cross-switch
composed of two switches installed in the transmit path
of both transmit signals following the at least one driver
amplifier and before a power amplifier in each transmit
path.

2. An apparatus for transmit diversity in a multiple input

multiple output (MIMO) network, comprising:

two input digital to analog converters, each accepting a
data input;

two transmit paths, each path comprising at least one low
pass filter, at least one mixer, and at least one driver
amplifier;

a first switch connecting the two transmit paths before the
driver amplifier;

a second switch connecting the transmit paths after the
driver amplifier; and further comprising a cross-switch
composed of two switches installed in the transmit path
of both transmit signal following the at least one driver
amplifier.

3. An apparatus for transmit diversity in a multiple input

multiple output (MIMO) network, comprising:

two input digital to analog converters, each accepting a
data input;

two transmit paths, each path comprising at least one low
pass filter, at least one mixer, and at least one driver
amplifier;

a first switch connecting the two transmit paths before the
driver amplifier wherein the first switch connects the two
transmit paths before the two digital to analog convert-
ers; and

a second switch connecting the transmit paths after the
driver amplifier.

4. An apparatus for transmit diversity in a multiple input

multiple output (MIMO) network, comprising:

two input digital to analog converters, each accepting a
data input;

two transmit paths, each path comprising at least one low
pass filter, at least one mixer, and at least one driver
amplifier;

a first switch connecting the two transmit paths before the
driver amplifier, wherein the first switch connects the
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two transmit paths after the two digital to analog con-
verters and before the at least one low pass filter;

a second switch connecting the transmit paths after the
driver amplifier.

5. An apparatus for transmit diversity in a multiple input

multiple output (MIMO) network, comprising:

two input digital to analog converters, each accepting a
data input;

two transmit paths, each path comprising at least one low
pass filter, at least one mixer, and at least one driver
amplifier;

a first switch connecting the two transmit paths before the
driver amplifier, wherein the first switch connects the
two transmit paths after the at least one low pass filter
and before the at least one mixer; and

a second switch connecting the transmit paths after the
driver amplifier.

6. A method for providing total power from one transmit

path, comprising:

selecting a transmit path and closing a first switch after a
digital to analog converter;

closing a second switch between the two transmit paths to
provide for use of at least one low pass filter or mixer or
driver amplifier in each transmit path;

processing a signal through the at least one low pass filter
or mixer or driver amplifier in each transmit path,

wherein half of a total power is allocated to each transmis-
sion path; and

closing a third switch after the at least one driver amplifier
in each transmit path to force the half-power from one
transmit path into one output.

7. The method of claim 6, wherein the third switch is a
cross-switch between both transmit paths and one branch is
closed.

8. An apparatus for providing total power from one trans-
mit path, comprising:
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means for selecting a transmit path and closing a first

switch after a digital to analog converter;

means for closing a second switch between the two trans-

mit paths to provide for use of at least one low pass filter
or mixer or driver amplifier in each transmit path,
wherein half of the total power is allocated to each
transmission path; and

means for closing a third switch after the at least one power

amplifier in each transmit path to force the half-power
from one transmit path into one output.

9. The apparatus of claim 8, wherein the third switch is a
cross-switch installed in the transmit path of both transmis-
sion paths.

10. A non-transitory computer-readable medium having
instructions stored thereon, which when executed by a pro-
cessor, causes the following to occur:

selecting a transmit path and closing a first switch after a

digital to analog converter;

closing a second switch between the between the two trans-

mit paths to provide for use of at least one low pass filter
in each transmit path;

processing the signal through the at least one low pass filter

in each transmit path;

processing the signal through the at least one mixer in each

transmit path;

processing the signal through the at least one power ampli-

fier in each transmit path, wherein halfof a total power is
allocated to each transmission path; and

closing a third switch after the at least one power amplifier

in each transmit path to force the half-power from one
transmit path into one output.

11. The non-transitory computer readable medium of claim
10, further comprising instructions for closing one branch of
a cross switch that is the third switch.
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