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(57) ABSTRACT 

A multi-antenna Station has multiple remote front-ends 
coupled to multiple antennas. Each remote front-end 
includes a power amplifier (PA), a low noise amplifier 
(LNA), and first and Second coupling units. On the transmit 
path, a first RF signal is received via a first port, routed by 
the first coupling unit to the power amplifier, amplified to 
obtain the desired output power level, and routed by the 
Second coupling unit to a Second port for transmission via 
the antenna. On the receive path, a Second RF signal is 
received via the Second port, routed by the Second coupling 
unit to the LNA, amplified to obtain a higher signal level, 
and routed by the first coupling unit to the first port for 
transmission to the transceiver. 
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REMOTE FRONT-END FOR A MULTI-ANTENNA 
STATION 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 119 
0001. The present Application for Patent claims priority 
to Provisional Application Ser. No. 60/615,891, entitled 
“Remote Front-End for a Multi-Antenna Station,” filed Oct. 
4, 2004, assigned to the assignee hereof, and expressly 
incorporated herein by reference. 

BACKGROUND 

0002) 1. Field 
0003. The present invention relates generally to electron 
ics, and more specifically to a wireleSS multi-antenna Station. 
0004 2. Background 
0005. A multiple-input multiple-output (MIMO) commu 
nication System employs multiple (T) transmit antennas at a 
transmitting Station and multiple (R) receive antennas at a 
receiving station for data transmission. A MIMO channel 
formed by the T transmit antennas and R receive antennas 
may be decomposed into S spatial channels, where 
Ssmin{T, R}. The S spatial channels may be used to 
transmit data in parallel to achieve higher throughput and/or 
redundantly to achieve greater reliability. 
0006. A multi-antenna station is equipped with multiple 
antennas that may be used for data transmission and recep 
tion. Each antenna is typically associated with a transceiver 
that includes (1) transmit circuitry used to process a base 
band output signal and generate a radio frequency (RF) 
output signal Suitable for transmission via the antenna and 
(2) receive circuitry used to process an RF input signal 
received via the antenna and generate a baseband input 
Signal. The multi-antenna Station also has digital circuitry 
for processing data for transmission and reception. 
0007. The antennas of the multi-antenna station may not 
be located near the transceivers for various reasons. For 
example, it may be desirable to place the antennas at 
different locations and/or with Sufficient Separation in order 
to (1) decorrelate the spatial channels as much as possible 
and (2) achieve good reception of RF input signals and 
transmission of RF output Signals. AS another example, the 
multi-antenna Station may be designed Such that it is not 
possible to locate the antennas near their associated trans 
ceivers. In any case, if the antennas are not located near the 
transceivers, then relatively long RF cables or transmission 
lines are needed to connect the antennas to the transceivers. 
A fair amount of Signal loSS may result from the long 
connection between the antennas and the transceivers. This 
Signal loSS increases the receiver noise figure on the receive 
path and lowers the transmit power level on the transmit 
path. These effects make the System less power efficient and 
degrade performance. 

0008. There is therefore a need in the art for techniques 
to connect the antennas to the transceivers. 

SUMMARY 

0009 Techniques for connecting multiple antennas to 
multiple transceivers in a multi-antenna Station are described 
herein. According to an embodiment of the invention, a 
Station equipped with multiple antennas is described which 
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includes multiple transceivers and multiple remote front 
ends. Each transceiver performs signal conditioning for RF 
Signals transmitted and received via an associated antenna. 
Each remote front-end couples to an associated transceiver 
and an associated antenna, amplifies a first RF signal 
received from the associated transceiver to generate a first 
amplified RF signal for transmission from the associated 
antenna, and further amplifies a Second RF signal received 
from the associated antenna to generate a Second amplified 
RF signal for transmission to the associated transceiver. 

0010. According to another embodiment, a station 
equipped with multiple antennas is described which includes 
means for performing Signal conditioning for RF signals 
transmitted and received via the antennas, means for power 
amplifying RF modulated Signals received from the means 
for performing Signal conditioning to generate amplified RF 
modulated Signals for transmission from the antennas, and 
means for low noise amplifying RF input Signals received 
from the antennas to generate amplified RF input signals for 
transmission to the means for performing Signal condition 
ing. The means for power amplifying and the means for low 
noise amplifying are Separate from the means for performing 
Signal conditioning. 

0011. According to yet another embodiment, an appara 
tuS Suitable for use with a Station equipped with multiple 
antennas is described which includes first and Second ampli 
fiers and first and second coupling units. The first amplifier 
receives and amplifies a first radio frequency (RF) Signal and 
provides a first amplified RF signal. The second amplifier 
receives and amplifies a Second RF signal and provides a 
Second amplified RF signal. The first coupling unit couples 
the first RF signal from a first port to the first amplifier and 
couples the Second amplified RF signal from the Second 
amplifier to the first port. The Second coupling unit couples 
the first amplified RF signal from the first amplifier to a 
Second port and couples the Second RF signal from the 
Second port to the Second amplifier. 

0012. According to yet another embodiment, an appara 
tuS Suitable for use with a Station equipped with multiple 
antennas is described which includes means for amplifying 
a first RF signal to generate a first amplified RF signal, 
means for amplifying a Second RF signal to generate a 
Second amplified RF signal, means for coupling the first RF 
Signal from a first port to the means for amplifying the first 
RF signal, means for coupling the first amplified RF signal 
to a Second port, means for coupling the Second RF signal 
from the Second port to the means for amplifying the Second 
RF signal, and means for coupling the Second amplified RF 
Signal to the, first port. 

0013. According to yet another embodiment, a trans 
ceiver module for use in a Station equipped with multiple 
antennas is described which includes first and Second trans 
ceivers, an oscillator, and a driver. Each transceiver per 
forms Signal conditioning for RF signals transmitted and 
received via an associated Set of at least one antenna. 

0014) The oscillator generates local oscillator (LO) sig 
nals used by the first and Second transceivers for frequency 
conversion between baseband and RF. The driver receives 
the LO signals from the oscillator and drives the LO signals 
from the transceiver module. 
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0.015 According to yet another embodiment, a trans 
ceiver module for use in a Station equipped with multiple 
antennas is described which includes means for performing 
Signal conditioning for RF signals transmitted and received 
via at least two antennas, means for generating LO signals 
used for frequency conversion between baseband and RF, 
and means for driving the LO signals from the transceiver 
module. 

0016 Various aspects and embodiments of the invention 
are described in further detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 shows a multi-antenna station. 
0018 FIG. 2A shows a remote front-end for a time 
division duplexed (TDD) system. 
0019 FIG. 2B shows a remote front-end for a frequency 
division duplexed (FDD) system. 
0020 FIGS. 3, 4 and 5 show three embodiments for 
coupling the remote front-end to a transceiver. 
0021 FIG. 6 shows connection of the remote front-end 
to a cable and an antenna. 

0022 FIG. 7 shows a block diagram of a MIMO unit 
within the multi-antenna Station. 

0023 FIG. 8 shows a block diagram of 2x2 transceiver 
modules. 

0024 FIG. 9 shows a block diagram of the transceivers 
within the transceiver modules. 

DETAILED DESCRIPTION 

0.025 The word “exemplary” is used herein to mean 
“Serving as an example, instance, or illustration.” Any 
embodiment described herein as “exemplary' is not neces 
Sarily to be construed as preferred or advantageous over 
other embodiments. 

0.026 FIG. 1 shows a block diagram of a multi-antenna 
station 100, which is equipped with N antennas 150a 
through 150n, where Ne2. Multi-antenna station 100 may 
be a wireleSS communication device, a user terminal, a 
television, a digital video disc (DVD) player, an audio/video 
(AV) equipment, a consumer electronics unit, or Some other 
device or apparatus. In the following description, a reference 
numeral with a character (e.g., “150a) denotes a specific 
instance or embodiment of an element, block, or unit. A 
reference numeral without a character (e.g., "150) can 
denote all of the elements with that reference numeral (e.g., 
antennas 150a through 150n) or any one of the elements 
with that reference numeral, depending on the context in 
which the reference numeral is used. 

0027 Multi-antenna station 100 includes a MIMO unit 
110 and N remote front-ends (RFEs) 140a through 140n for 
Nantennas 150a through 150n, respectively. MIMO unit 
110 includes a MIMO processor 120 and N transceivers 130. 
MIMO processor 120 performs digital processing for data 
transmission and reception. N transceivers 130 perform 
Signal conditioning (e.g., amplification, filtering, frequency 
upconversion/downconversion, and So on) on the RF signals 
for the N antennas 150. N transceivers 130 couple to N 
remote front-ends 14.0a through 140n via cables 142a 
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through 142n, respectively. Remote front-ends 14.0a through 
140n further couple to N antennas 150a through 150n, 
respectively, via cables 144a through 144n, respectively. 
Antennas 150 may be located either close to or some 
distance away from MIMO unit 110, depending on the 
design of multi-antenna station 100. 
0028 Remote front-ends 140 condition (e.g., amplify and 
filter) RF modulated signals received from transceivers 130 
and generate RF output Signals for transmission from anten 
nas 150. Remote front-ends 140 also condition RF input 
Signals received from antennas 150 and generate condi 
tioned RF input signals for transceivers 130. Remote front 
ends 140 are located as close as possible to antennas 150 to 
reduce the signal loss in cables 144 between remote front 
ends 140 and antennas 150. 

0029) Remote front-ends 140 may be optional, and may 
or may not be installed depending on various factorS Such as 
the Supported applications, the desired performance, cost, 
and so on. Remote front-ends 140 may be installed to reduce 
signal loss between antennas 150 and transceivers 130, 
which may be desirable or necessary if the distance between 
the antennas and the transceivers is relatively long and the 
Supported applications require high data rates. Remote front 
ends 140 may be omitted for lower rate applications and/or 
if the distance between antennas 150 and transceivers 130 is 
relatively short. If remote front-ends 140 are omitted, then 
antennas 150 couple directly to transceivers 130 via cables 
142. 

0030 FIG. 2A shows a block diagram of an embodiment 
of a remote front-end 1401, which may be used for each of 
remote front-ends 14.0a through 140n in FIG. 1. Remote 
front-end 1401 may be used for a TDD communication 
System that transmits data on the downlink and uplink on the 
Same frequency band at different times. For example, data 
may be sent on one link (e.g., downlink) in a first portion or 
phase of each TDD frame, and data may be sent on the other 
link (e.g., uplink) in a Second portion of each TDD frame. 
The first and Second portions may be static or may change 
from TDD frame to TDD frame. 

0031) For the embodiment shown in FIG. 2A, remote 
front-end 1401 includes Switches 210 and 240, a power 
amplifier (PA) 220, a low noise amplifier (LNA) 230, and a 
bandpass filter 250. Switch 210 couples to a first port of 
remote front-end 1401, which further couples to a trans 
ceiver 130. Filter 250 couples to a second port of remote 
front-end 1401, which further couples to an antenna 150. 
Switches 210 and 240 receive a transmit/receive (T/R) 
control Signal that indicates whether RF signals are being 
transmitted or received by multi-antenna station 100. Each 
Switch couples its input to a “T” output during the transmit 
portion and to an “R” output during the receive portion. 

0032. The transmit and receive portions are indicated by 
the T/R control signal. Switch 210 allows remote front-end 
1401 to receive an RFE input signal from transceiver 130 
and Sendan RFE output signal to the transceiver via a single 
port. This simplifies the connection between remote front 
end 140 and transceiver 130. 

0033 For the transmit path, which is active during the 
transmit portion, Switch 210 receives an RF modulated 
signal (which is the RFE input signal) from transceiver 130 
via the first port and routes this RFE input signal to power 
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amplifier 220. Power amplifier 220 amplifies the RFE input 
Signal with a fixed or variable gain and provides the desire 
output signal level. Switch 240 receives the amplified RFE 
input Signal from power amplifier 220 and routes this signal 
to filter 250. Filter 250 filters the amplified RFE input signal 
to remove out-of-band noise and undesired Signal compo 
nents and provides an RF output Signal via the Second port 
to antenna 150. 

0034) For the receive path, which is active during the 
receive portion, filter 250 receives an RF input signal from 
antenna 150 via the second port, filters this RF input signal, 
and provides a filtered RF input signal to Switch 240. Switch 
240 routes the filtered RF input signal to LNA 230, which 
amplifies the signal. LNA 230 may also have a fixed or 
variable gain and is designed to provide the desire perfor 
mance (e.g., to have the desired noise figure). Switch 210 
receives the amplified RF input signal (which is the RFE 
output signal) from LNA 230 and provides the RFE output 
signal via the first port to transceiver 130. 
0035) Remote front-end 140 may be used to provide low 
loss for the RF signals sent between the remote front-end 
and transceiver 130. Remote front-end 140y may also be 
used to provide the desired output power level for the RF 
output signal transmitted from antenna 150. For example, 
transceiver 130 may be implemented on an RFIC and may 
be capable of providing low or medium output power level 
for the RF modulated signal sent to remote front-end 140'. 
Power amplifier 220 within remote front-end 1401 may then 
provide amplification and high output power level for the RF 
output signal. 
0036) Power amplifier 220 and/or LNA 230 may be 
powered down whenever possible to reduce power con 
Sumption. For example, power amplifier 220 (and possibly 
LNA 230) may be powered down when multi-antenna 
station 100 is idle. To further reduce power consumption, 
power amplifier 220 may be powered down during the 
receive portion based on the T/R control signal, and LNA 
230 may be powered down during the transmit portion based 
on the T/R control Signal, as indicated by the dashed line in 
FIG. 2A. 

0037 FIG. 2B shows an embodiment of a remote front 
end 140w that may be used for an FDD system. An FDD 
communication System can simultaneously transmit data on 
the downlink and uplink at the same time on different 
frequency bands. For the embodiment shown in FIG. 2B, 
remote front-end 140w includes duplexers 212 and 242, 
power amplifier 220, and LNA 230. For the transmit path, 
duplexer 212 filters the RFE input signal received via the 
first port and routes the filtered RFE input signal to power 
amplifier 220. Duplexer 242 filters the output signal from 
power amplifier 220 and provides the filtered signal as the 
RF output Signal to the Second port. For the receive path, 
duplexer 242 filters the RF input signal received via the 
second port and routes this signal to LNA230. Duplexer 212 
filters the output signal from LNA 230 and provides this 
signal as the RFE output signal to the first port. The T/R 
control signal is not needed for remote front-end 140w. 
0038 FIGS. 2A and 2B show specific designs for remote 
front-ends 1401 and 140w, respectively. In general, the 
transmit and receive paths may each include one or more 
Stages of amplifier, filter, and So on. The transmit and receive 
paths may also include fewer, different, and/or additional 
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circuit blocks not shown in FIGS. 2A and 2B. For example, 
Switch 210 in FIG. 2A may be omitted, and the RFE input 
and output Signals may be sent via Separate cables. 

0039 For the embodiment shown in FIG. 2A, remote 
front-end 140 receives (1) the T/R control signal that 
toggles switches 210 and 240 between the “T” and “R” 
output ports and (2) a DC Supply for the active circuits, e.g., 
power amplifier 220 and LNA 230. The RF signals, T/R 
control signal, and DC Supply may be provided to remote 
front-end 140 in various manners, as described below. 

0040 FIG. 3 shows a first embodiment for coupling a 
remote front-end 140x to a transceiver 130x via a cable 142x. 
Remote front-end 140x includes all of the circuit blocks in 
remote front-end 140, which is described above in FIG. 
2A. Remote front-end 140x further includes a capacitor 202, 
an inductor 204, and a power control unit 206. Capacitor 202 
couples between the first port of remote front-end 140x and 
the input of Switch 210. Capacitor 202 performs AC cou 
pling of the RFE input/output signals and also performs DC 
blocking of the DC Supply voltage. Inductor 204, which is 
often called an RF choke, couples between the first port of 
remote front-end 140x and power control unit 206. Inductor 
204 routes the DC supply voltage received via a coaxial 
cable 310 to power control unit 206 and further performs RF 
blocking. Power control unit 206 receives the DC supply 
Voltage via inductor 204 and provides the Supply Voltage for 
power amplifier 220, LNA 230, and other active circuit 
blocks (if any) within remote front-end 140x. 
0041 At transceiver 130x, an AC coupling/DC blocking 
capacitor 302 couples the RF signals between transceiver 
130x and coaxial cable 310. An inductor 304 couples the DC 
Supply Voltage from a power Source 306 to coaxial cable 
310. Capacitor 302 and inductor 304 at transceiver 130x 
perform the same function as capacitor 202 and inductor 
204, respectively, at remote front-end 140x. 

0042. For the embodiment shown in FIG. 3, cable 142x 
includes coaxial cable 310 and a messenger cable 320. 
Coaxial cable 310 has a center conductor 312 and an outer 
shield 314. Center conductor 312 carries RF signals as well 
as the DC Supply voltage between transceiver 130x and 
remote front-end 140x. Outer shield 314 is electrically 
grounded at both transceiver 130x and remote front-end 
140x. Coaxial cable 310 is designed to have the proper 
impedance (e.g., 50 S2 or 75 S2) at the operating frequency. 

0043 Messenger cable 320 has a center conductor 322 
that carries the T/R control signal from MIMO processor 
120 to remote front-end 140x. Messenger cable 320 may 
share/utilize outer shield 314 of coaxial cable 310 (as shown 
in FIG. 3) or may be provided with its own shield (not 
shown in FIG. 3). Messenger cable 320 is designed to 
provide good performance for the T/R control Signal, e.g., 
good waveform fidelity for the leading and trailing transi 
tions in the T/R control signal. Coaxial cable 310 and 
messenger cable 320 may be bundled together for easy 
handling. For example, both cables 310 and 320 may be 
coated with an outer insulation material (e.g., plastic). In this 
case, only one bundled cable connects remote front-end 
140x to transceiver 130x and carries all of the required 
Signals and power, e.g., the RF signals, T/R control Signal, 
and DC power. 
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0044 FIG. 4 shows a second embodiment for coupling 
remote front-end 140x to transceiver 130x via a cable 142y. 
For this embodiment, cable 142y includes a coaxial cable 
410 and a twisted wire 420. Coaxial cable 410 has (1) a 
center conductor 412 that carries the RF signals and DC 
supply and (2) an outer shield 414 that is electrically 
grounded at both transceiver 130x and remote front-end 
140x. Twisted wire 420 has a first conductor 422 that carries 
the T/R control signal and a second conductor 424 that is 
electrically grounded at both transceiver 130x and remote 
front-end 140x. Twisted wire 420 provides good perfor 
mance for the T/R control signal. Coaxial cable 410 may be 
any coaxial cable that is commercially available, and twisted 
wire 420 may also be any commercially available twisted 
wire. Coaxial cable 410 and twisted wire 420 may be 
bundled together for easy handling. For example, coaxial 
cable 410 and twisted wire 420 may be coated with an outer 
insulation material. 

004.5 FIG. 5 shows a third embodiment for coupling a 
remote front-end 140y to a transceiver 130y via a cable 142z. 
For this embodiment, cable 1422 includes coaxial cable 410 
and a twisted wire 520. Twisted wire 520 has a first 
conductor 522 that carries the T/R control Signal, a Second 
conductor 524 that carries the DC Supply, and a third 
conductor 526 that is grounded at both transceiver 130y and 
remote front-end 140y. Twisted wire 520 provides good 
performance for the T/R control Signal and may be any 
commercially available twisted wire with three or more 
conductors. Coaxial cable 410 and twisted wire 520 may be 
bundled together for easy handling. For the embodiment 
shown in FIG. 5, AC coupling/DC blocking capacitors and 
RF choke inductors are not needed at transceiver 130y and 
remote front-end 140y because the DC supply is provided 
via a dedicated wire instead of the center conductor of 
coaxial cable 410. 

0046 FIGS. 3 through 5 show three exemplary embodi 
ments for Sending Signals and DC power to a remote 
front-end. Signals and DC power may also be sent in other 
manners. For example, a single coaxial cable may be used to 
send the RF signals, T/R control signal, and DC Supply. The 
T/R control signal may be conveyed by a change in the DC 
Supply Voltage, e.g., a Vhigh Voltage for logic high on the 
T/R control signal and a Vlow voltage for logic low on the 
T/R control signal. The T/R control signal may also be 
conveyed by pulses Sent to indicate the Start of the transmit 
and receive portions. For example, a pulse of a first polarity 
and/or a first width may be sent at the start of the transmit 
portion, and a pulse of a Second polarity and/or a Second 
width may be sent at the start of the receive portion. In 
general, each Signal may be sent via a wire, a cable, or Some 
other medium capable of propagating that signal with a 
tolerable amount of loss. 

0047. The DC supply may be shut off if the remote 
front-ends are not installed. A Sensing circuit within power 
Source 306 in MIMO unit 110 can detect whether the remote 
front-ends are installed. This detection may be achieved in 
various manners. For example, the amount of current being 
consumed may be Sensed, and no current consumption 
would indicate that the remote front-ends are not installed. 
AS another example, the impedance of the wire carrying the 
DC Supply may be Sensed, and high or open impedance 
would indicate that the remote front-ends are not installed. 
If the remote front-ends are not installed, then power Source 
306 can shut off the DC supply. 
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0048 FIG. 6 shows a diagram of an embodiment for 
connecting remote front-end 140x to cable 142x and antenna 
150x. Remote front-end 140x has a female connector 620 for 
the first port and a male connector 630 for the second port. 
Cable 142x has a male connector 610 that couples to female 
connector 620 of remote front-end 140x. Male connector 
630 of remote front-end 140x couples to a female connector 
640 for antenna 150x. 

0049. For the embodiment shown in FIG. 6, remote 
front-end 140x is coupled as close as possible to antenna 
150x to reduce loss for the RF input/output signals. Con 
nector 640 may represent the bulk of cable 144x between 
remote front-end 140x and antenna 150x. The use of differ 
ent connectors 620 and 630 for the first and second ports of 
remote front-end 140x prevents backward installation of 
remote front-end 140x since (1) the first port can couple to 
cable 142x only via connector 620 and (2) the second port 
can couple to antenna 150x only via connector 630. 

0050. The use of complementary types of connectors 
(e.g., female connector 620 and male connector 630) for the 
first and second ports of remote front-end 140x also allows 
for optional installation of remote front-end 140x. For 
example, remote front-end 140x may be installed if lower 
loSS is desired for applications requiring high data rates. 
Remote front-end 140x may be omitted for applications that 
can tolerate more loSS. In this case, cable 142x would couple 
directly to antenna 150x via connectors 610 and 640. 

0051 FIG. 6 shows a specific embodiment for connect 
ing remote front-end 140x to cable 142x and antenna 150x. 
Other types of connectors may also be used for a remote 
front-end to achieve the desired connection, prevent back 
ward installation of the remote front-end, and allow for 
optional installation of the remote front-end. 

0.052 FIG. 7 shows a block diagram of a MIMO unit 
1102, which is one embodiment of MIMO unit 110 in FIG. 
1. MIMO unit 1102 supports four antennas (N=4) and 
includes a MIMO processor 120z and two 2x2 transceiver 
modules 710a and 710b. Each 2x2 transceiver module 710 
includes two transceivers for two antennas. Each transceiver 
includes transmit circuitry and receive circuitry for one 
antenna. Each 2x2 transceiver module may be fabricated on 
a separate IC die, or multiple 2x2 transceiver modules may 
be fabricated on the same IC die. MIMO processor 120z 
couples to each transceiver module 710 via a respective set 
of baseband Signals and control Signals. 

0053 FIG. 8 shows a block diagram of an embodiment 
of 2x2 transceiver modules 710a and 710b for MIMO unit 
1102. For this embodiment, transceiver module 710a 
includes two transceivers 810a and 810b, a voltage con 
trolled oscillator (VCO)820a, a phase locked loop (PLL) 
830a, an input buffer (Buf) 832a, and an output driver (Driv) 
834a. Transceiver module 710b includes two transceivers 
810c and 810d, a VCO 820b, a PLL 830b, an input buffer 
832b, and an output driver 834b. Each transceiver 810 
receives and processes a baseband input signal from MIMO 
processor 1202 and generates an RF modulated Signal for 
one antenna 150. Each transceiver 810 also receives and 
processes an RFE output signal from an associated remote 
front-end 140 (or an RF input signal from an associated 
antenna 150) and generates a baseband input signal for 
MIMO processor 120z. 
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0054) When transceiver modules 710a and 710b are used 
to Support four antennas, transceiver module 710a Serves as 
the master module and transceiver module 710b is the slave 
module. VCO 820a and PLL 830a within transceiver mod 
ule 710a are enabled and generate local oscillator (LO) 
signals used by all four transceivers 810a through 810d for 
frequency upconversion and downconversion. VCO 820b 
and PLL 830b within transceiver module 710b are disabled, 
driver 834b and buffer 832a are also disabled, and driver 
834a and buffer 832b are enabled. The LO signals from 
VCO 820a are provided via driver 834a and buffer 832b to 
transceivers 810c and 810d in the slave transceiver module 
71 Ob. 

0055 2x2 transceiver modules (as oppose to modules 
with more transceivers) may be efficiently used for multi 
antenna Stations with different numbers of antennas. For a 
multi-antenna Station equipped with two antennas, only one 
2x2 transceiver module 710 is needed, and no additional and 
unnecessary circuitry is wasted. In this case, VCO 820 and 
PLL 830 are enabled to generate the LO signals for the two 
transceivers 810 in the transceiver module, and driver 834 
and buffer 832 are disabled. For a multi-antenna station 
equipped with four antennas such as the one shown in FIGS. 
7 and 8, two 2x2 transceiver modules may be used for the 
four antennas, and only a Small amount of redundant cir 
cuitry is not used. 

0056 FIG. 9 shows a block diagram of an embodiment 
of transceivers 810 within 2x2 transmitter modules 710. 
Each transceiver 810 includes a transmitter unit (TMTR) 
960 and a receiver unit (RCVR) 980. The transmitter and 
receiver units may be implemented with a Super-heterodyne 
architecture or a direct-conversion architecture. For the 
Super-heterodyne architecture, frequency conversion 
between RF and baseband is performed in multiple Stages, 
e.g., from RF to an intermediate frequency (IF) in one stage, 
and from IF to baseband in another stage. For the direct 
conversion architecture, frequency conversion is performed 
in a Single Stage, e.g., from RF directly to baseband. For 
simplicity, FIG. 9 shows an embodiment of transmitter unit 
960 and receiver unit 980 implemented with the direct 
conversion architecture. 

0057 Within transmitter unit 960, a digital-to-analog 
converter (DAC) 962 receives a stream of digital chips 
(which is the baseband input signal) from MIMO processor 
120z, converts the chips to analog, and provides an analog 
baseband signal. A filter 964 then filters the analog baseband 
Signal to remove undesired images generated by the digital 
to-analog conversion and provides a filtered baseband Sig 
nal. An amplifier (Amp) 966 amplifies and buffers the 
filtered baseband Signal and provides an amplified baseband 
signal. A mixer 968 modulates a TX LO signal from VCO 
820a with the amplified baseband signal and provides an 
upconverted signal. A power amplifier 970 amplifies the 
upconverted Signal and provides an RF modulated Signal, 
which is routed through a switch (SW) 972 and provided to 
an associated remote front-end 140 for one antenna. 

0.058 Within receiver unit 980, an LNA 982 receives an 
RFE output signal from the associated remote front-end 140 
or an RF input signal from an associated antenna 150 via 
switch972. LNA 982 amplifies the received RF signal and 
provides a conditioned Signal having the desired signal 
level. A mixer 984 demodulates the conditioned signal with 
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an RX LO signal from VCO 820a and provides a down 
converted signal. A filter 986 filters the downconverted 
Signal to pass the desired signal components and to remove 
noise and undesired signals that may be generated by the 
frequency downconversion process. An amplifier 988 ampli 
fies and buffers the filtered signal and provides an analog 
baseband signal. An analog-to-digital converter (ADC) 990 
digitizes the analog baseband Signal and provides a stream 
of samples (which is the baseband output signal) to MIMO 
processor 120z. 
0059 FIG. 9 shows an exemplary design for the trans 
mitter and receiver units. For this design, the DAC and ADC 
are shown as being parts of the transmitter unit and receiver 
unit, respectively. In general, the transmitter and receiver 
units may each include one or more Stages of amplifier, filter, 
mixer, and So on, which may be arranged in a manner 
different from that shown in FIG. 9. The transmitter and 
receiver units may or may not include the DAC and ADC, 
respectively. 

0060 FIG. 9 also shows an embodiment of MIMO 
processor 1202, which includes various processing units that 
perform digital processing for data transmission and recep 
tion. Within MIMO processor 1202, a data processor 914 
performs encoding, interleaving, and Symbol mapping for 
data transmission and Symbol demapping, deinterleaving, 
and decoding for data reception. A Spatial processor 916 
performs transmitter spatial processing (e.g., for beam form 
ing, spatial multiplexing, and So on) for data transmission 
and receiver spatial processing (e.g., receiver match filter 
ing) for data reception. A modulator 918 performs modula 
tion, e.g., for Orthogonal frequency division multiplexing 
(OFDM). A demodulator 920 performs demodulation, e.g., 
for OFDM. A detection/acquisition unit 922 performs pro 
cessing to detect and acquire Signals from other transmitting 
stations. A main controller 930 controls the operation of 
various processing units within multi-antenna Station 100 
and generates the various controls for transceivers 810 and 
remote front-ends 140. For example, main controller 930 
may generate the T/R control Signal for remote front-ends 
140. A power controller 932 performs power management 
for multi-antenna station 100. For example, power controller 
932 may determine whether or not to send DC power to the 
remote front-ends. A random access memory (RAM) and a 
read only memory (ROM) 912 store data and program codes 
used by various processing units within MIMO processor 
1202. 

0061 For clarity, the description above shows each 
remote front-end being coupled to one antenna, and each 
transceiver processing the RF signals for one antenna. In 
general, each remote front-end and/or each transceiver may 
be associated with a set of one or more antennas. If a remote 
front-end or transceiver is associated with multiple antennas, 
then these antennas may be viewed as a single (distributed) 
“antenna' for the remote front-end or transceiver. 

0062) The remote front-ends and transceiver modules 
described herein may be implemented on RF integrated 
circuits (RFICs), with discrete components, and So on. 
0063 For example, each remote front-end may be imple 
mented on one RFIC. Each transceiver module may be 
implemented on one RFIC, or multiple transceiver modules 
may be implemented on one RFIC, possibly along with other 
circuitry. The remote front-ends and transceiver modules 
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may be fabricated with various integrated circuit (IC) pro 
ceSSes Such as complementary metal oxide Semiconductor 
(CMOS), bipolar, bipolar-CMOS (Bi-CMOS), gallium ars 
enide (GaAs), and So on. For example, each remote front 
end may be fabricated on one GaAs RFIC. Certain circuit 
components (e.g., inductors) may be printed on an IC die or 
implemented with Micro-Electro-Mechanical Systems 
(MEMS) technologies. 
0064. For simplicity, the control signals used to control 
the operation of the remote front-ends and the transceiver 
modules are shown as being generated by MIMO processor 
120 in the description above. In general, these control 
Signals may be generated by various units Such as, for 
example, an application specific integrated circuit (ASIC), a 
digital signal processor (DSP), a digital signal processing 
devices (DSPD), a programmable logic device (PLD), a field 
programmable gate array (FPGA), a processor, a controller, 
a micro-controller, a microprocessor, or Some other elec 
tronic unit designed to perform the functions described 
herein. 

0065. The previous description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the present invention. Various modifications to 
these embodiments will be readily apparent to those skilled 
in the art, and the generic principles defined herein may be 
applied to other embodiments without departing from the 
Spirit or Scope of the invention. Thus, the present invention 
is not intended to be limited to the embodiments shown 
herein but is to be accorded the widest Scope consistent with 
the principles and novel features disclosed herein. 
What is claimed is: 

1. An apparatus comprising: 
a first amplifier to receive and amplify a first radio 

frequency (RF) signal and provide a first amplified RF 
Signal; 

a Second amplifier to receive and amplify a Second RF 
Signal and provide a Second amplified RF signal; 

a first coupling unit to couple the first RF signal from a 
first port to the first amplifier and to couple the Second 
amplified RF signal from the second amplifier to the 
first port; and 

a Second coupling unit to couple the first amplified RF 
Signal from the first amplifier to a Second port and to 
couple the Second RF signal from the Second.port to the 
Second amplifier. 

2. The apparatus of claim 1, wherein the first and Second 
coupling units are Switches. 

3. The apparatus of claim 1, wherein the first and Second 
coupling units couple the first RF signal from the first port 
to the first amplifier and couple the first amplified RF signal 
from the first amplifier to the Second port during a transmit 
portion, and further couple the Second RF signal from the 
Second port to the Second amplifier and couple the Second 
amplified RF signal from the second amplifier to the first 
port during a receive portion. 

4. The apparatus of claim 1, wherein the first and Second 
coupling units are duplexers. 

5. The apparatus of claim 1, wherein the first amplifier is 
a power amplifier (PA). 

6. The apparatus of claim 1, wherein the Second amplifier 
is a low noise amplifier (LNA). 
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7. The apparatus of claim 1, wherein the first amplifier, the 
Second amplifier, or both the first and Second amplifiers are 
disabled when not used for communication. 

8. The apparatus of claim 1, wherein the first amplifier is 
disabled during a receive portion, and wherein the Second 
amplifier is disabled during a transmit portion. 

9. The apparatus of claim 1, wherein the Second port is 
coupled to one of the multiple antennas in the Station. 

10. The apparatus of claim 1, wherein the first port is 
coupled to a transceiver in the Station. 

11. The apparatus of claim 1, wherein the first and Second 
ports are coupled to different types of connectors. 

12. The apparatus of claim 1, wherein the first and Second 
ports are coupled to complementary types of connectors. 

13. The apparatus of claim 1, wherein the first and Second 
amplifiers and the first and Second coupling units are fab 
ricated on an RF integrated circuit (RFIC). 

14. The apparatus of claim 1, wherein the first and Second 
amplifiers and the first and Second coupling units are fab 
ricated on a gallium arsenide (GaAS) integrated circuit (IC). 

15. An apparatus comprising: 
means for amplifying a first radio frequency (RF) Signal 

and generating a first amplified RF signal; 
means for amplifying a Second RF signal and generating 

a Second amplified RF signal; 
means for coupling the first RF signal from a first port to 

the means for amplifying the first RF signal; 
means for coupling the first amplified RF signal to a 

Second port; 
means for coupling the Second RF signal from the Second 

port to the means for amplifying the Second RF signal; 
and 

means for coupling the Second amplified RF signal to the 
first port. 

16. The apparatus of claim 15, wherein the means for 
coupling the first RF signal and the means for coupling the 
first amplified RF signal are active during a transmit portion, 
and wherein the means for coupling the Second RF signal 
and the means for coupling the Second amplified RF signal 
are active during a receive portion. 

17. The apparatus of claim 15, further comprising: 
means for disabling the means for amplifying the first RF 

Signal; and 
means for disabling the means for amplifying the Second 
RF signal. 

18. A Station equipped with a plurality of antennas, 
comprising: 

a plurality of transceivers, each transceiver performing 
Signal conditioning for radio frequency (RF) signals 
transmitted and received via an associated antenna; and 

a plurality of remote front-ends, each remote front-end 
coupled to an associated transceiver and an associated 
antenna, each remote front-end amplifying a first RF 
Signal received from the associated transceiver to gen 
erate a first amplified RF signal for transmission from 
the associated antenna and further amplifying a Second 
RF signal received from the associated antenna to 
generate a Second amplified RF signal for transmission 
to the associated transceiver. 
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19. The station of claim 18, further comprising: 
a plurality of cables, each cable coupling one transceiver 

to the associated remote front-end. 
20. The station of claim 19, wherein each of the plurality 

of cables comprises 
a first cable to carry the first RF signal and the second 

amplified RF signal between the transceiver and the 
asSociated remote front-end. 

21. The station of claim 20, wherein the first cable further 
carries DC power for the associated remote front-end. 

22. The station of claim 20, wherein each of the plurality 
of cables further comprises 

a Second cable to carry at least one control Signal for the 
asSociated remote front-end. 

23. The station of claim 22, wherein the first and second 
cables are bundled together. 

24. The station of claim 18, wherein the plurality of 
transceivers are arranged in pairs, each pair of transceivers 
being implemented as a separate module. 

25. The station of claim 24, wherein the module for each 
pair of transceivers comprises an oscillator to generate local 
oscillator (LO) signals for the transceivers in the pair. 

26. The station of claim 24, wherein multiple modules are 
implemented for multiple pairs of transceivers, and wherein 
one module is designated to generate local oscillator (LO) 
Signals for all transceivers in the multiple modules. 

27. A Station equipped with a plurality of antennas, 
comprising: 
means for performing Signal conditioning for radio fre 

quency (RF) signals transmitted and received via the 
plurality of antennas, 

means for power amplifying RF modulated Signals 
received from the means for performing Signal condi 
tioning to generate amplified RF modulated Signals for 
transmission from the plurality of antennas, and 

means for low noise amplifying RF input signals received 
from the plurality of antennas to generate amplified RF 
input signals for transmission to the means for per 
forming Signal conditioning, wherein the means for 
power amplifying and the means for low noise ampli 
fying are separate from the means for performing Signal 
conditioning. 

28. The apparatus of claim 27, further comprising: 
means for coupling the means for performing Signal 

conditioning to the means for power amplifying and the 
means for low noise amplifying. 
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29. A transceiver module, comprising: 
first and Second transceivers, each transceiver performing 

Signal conditioning for radio frequency (RF) signals 
transmitted and received via an associated Set of at least 
One antenna, 

an oscillator to generate local oscillator (LO) signals used 
by the first and Second transceivers for frequency 
conversion between baseband and RF; and 

a driver to receive the LO signals from the oscillator and 
to drive the LO signals from the transceiver module. 

30. The transceiver module of claim 29, further compris 
ing: 

a buffer to receive external LO signals and to provide 
buffered LO signals used by the first and second 
transceivers for frequency conversion between base 
band and RF. 

31. The transceiver module of claim 30, wherein the 
oscillator is disabled if the buffer is receiving the external 
LO signals. 

32. The transceiver module of claim 29, further compris 
ing: 

a phase locked loop (PLL) to control the oscillator to 
generate the LO signals at a predetermined frequency. 

33. The transceiver module of claim 29 and fabricated on 
a single integrated circuit (IC) die. 

34. A transceiver module, comprising: 
means for performing Signal conditioning for radio fre 

quency (RF) signals transmitted and received via at 
least two antennas; 

means for generating local oscillator (LO) signals used for 
frequency conversion between baseband and RF; and 

means for driving the LO Signals from the transceiver 
module. 

35. The transceiver module of claim 34, further compris 
ing: 

means for buffering external LO signals and providing 
buffered LO signals used for frequency conversion 
between baseband and RF. 

36. The transceiver module of claim 35, further compris 
ing: 

means for disabling the means for generating the LO 
Signals if the external LO signals are received. 

k k k k k 


