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(57) ABSTRACT 

A system is disclosed that includes a plurality of mantenna 
arrays configured to receive a propagating radio frequency 
signal. Each antenna array includes a plurality of antenna 
elements and a beam former configured to produce n different 
bi-directional beams using the plurality of antenna elements. 
The system includes a plurality of n multiple-input multiple 
output transceivers (MIMO). Each MIMO transceiver 
includes a MIMO receiver configured to accept m received 
signals, wherein the i-th input signal to the j-th MIMO 
receiver corresponds to the j-th beam of the i-th antenna array. 
Each MIMO transceiver also includes a MIMO transmitter 
configured to provide m transmit signals, wherein the V-th 
output signal from the Z-th MIMO transmitter corresponding 
to the Z-th beam of the V-th antenna array is selected for 
transmission. m, n, V, and Z are integer number values, and 
i=1,..., m, ji=1,..., n, and V-1, . . . m. 

20 Claims, 5 Drawing Sheets 
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1. 

DIRECTED MMO COMMUNICATIONS 

FIELD 

The subject matter described herein relates to multiple 
input multiple-output (MIMO) wireless communications and 
beam forming antennas. 

BACKGROUND 

Multiple-input multiple-output (MIMO) wireless commu 
nication systems utilize multiple transmit antennas and mul 
tiple receive antennas instead of a single antenna. MIMO 
systems often have multiple transmitters (e.g., one associated 
with each transmit antenna) and multiple receivers (e.g., one 
associated with each receive antenna). A transceiver may 
modulate transmit signals and demodulate receive signals and 
may perform further processing of receive signals after 
demodulation and of transmit signals prior to modulation. 

Beamforming utilizes multiple antenna elements and often 
a beam former to synthesize one or more beams. Such a beam 
forming antenna can be called an antenna array. Each antenna 
element of the antenna array is typically the same type of 
antenna. 

SUMMARY 

In one aspect, a system and an apparatus are disclosed that 
includes a plurality of mantenna arrays configured to receive 
a propagating radio frequency signal. Each antenna array 
includes a plurality of antenna elements and a beam former 
configured to produce n different bi-directional beams using 
the plurality of antenna elements. The system includes a 
plurality of n multiple-input multiple-output transceivers 
(MIMO). Each MIMO transceiver includes a MIMO receiver 
configured to accept m received signals, wherein the i-th input 
signal to the j-th MIMO receiver corresponds to the j-th beam 
of the i-th antenna array. Each MIMO transceiver also 
includes a MIMO transmitter configured to provide m trans 
mit signals, wherein the V-th output signal from the Z-th 
MIMO transmitter corresponding to the Z-th beam of the V-th 
antenna array is selected for transmission. m, n, V, and Z are 
integer number values, and i=1,. . . . . m., ji=1,. . . . . n, and 
v=1,. . . m. The system can have a value of Zone value 
between 1 and n), or Z=1,... n. The system can have m=3 and 
n=6. 
The system can be configured to Substantially comply with 

one or more of Electrical and Electronic Engineers (IEEE) 
802.11a/b/g/n/ac (WiFi), IEEE 802.16 (WiMAX), 2nd Gen 
eration Partnership Project (3GPP) Long Term Evolution 
(LTE), 3GPP LTE-Advanced, 3GPP LTE-TDD, 3GPP LTE 
FDD, High Speed Packet Access (HSPA), and HSPA+. The 
system can simultaneously provide MIMO and beam forming 
The mantenna arrays can be separated by a distance more 

than one wavelength apart at the carrier frequency. The 
antenna elements can be less than or equal to one half wave 
length apart at the carrier frequency. The beam former can be 
an electronic beam former. The antenna array may include a 
lens including a Honda or Rotman lens. 

In another aspect is an apparatus including a plurality of m 
antenna arrays configured to receive a propagating radio fre 
quency signal. Each of the antenna arrays include a plurality 
of antenna elements and a beam former configured to produce 
n different bi-directional beams using the plurality of antenna 
elements. The apparatus also includes a plurality of n mul 
tiple-input multiple-output receivers (MIMO), each MIMO 
receiver configured to accept m received signals, wherein the 
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2 
i-th input signal to the j-th MIMO receiver corresponds to the 
j-th beam of the i-thantenna array. mand n are integer number 
Values, and i-1,..., m, andj=1,..., n. 

In another aspect is an apparatus including a plurality ofm 
antenna arrays configured to receive a propagating radio fre 
quency signal. Each of the antenna arrays includes a plurality 
of antenna elements and a beam former configured to produce 
n different bi-directional beams using the plurality of antenna 
elements. The apparatus also includes a plurality of n mul 
tiple-input multiple-output transmitters (MIMO), each 
MIMO transmitter configured to provide m transmit signals, 
wherein the V-th output signal from the Z-th MIMO transmit 
ter corresponding to the Z-th beam of the V-thantenna array is 
selected for transmission. m, n, V, and Z are integer number 
values, andj=1,..., n, and v=1,... m. 
The current Subject matter provides many advantages. For 

example, as described herein, MIMO and beam forming can 
be combined to provide range extension and throughput 
enhancement Supported at either or both of a base station and 
mobile terminal. The resulting Solution is practical and cost 
effective. 
The details of one or more variations of the subject matter 

described herein are set forth in the accompanying drawings 
and the description below. Other features and advantages of 
the subject matter described herein will be apparent from the 
description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

In the drawings, 
FIG. 1 depicts an example of a block diagram of a trans 

ceiver for extended communications range and throughput 
using MIMO and beam forming: 

FIG. 2 depicts an example of a block diagram of a receiver 
for extended communications range and throughput using 
MIMO and beam forming: 

FIG. 3 depicts an example of block diagram of a time 
division duplexing transceiver for extended communications 
range and throughput using MIMO and beam forming. 

FIG. 4 depicts another example of a block diagram for a 
time-division duplexing transceiver for extended communi 
cations range and throughput using MIMO and beam form 
ing; and 

FIG. 5 depicts an example of a block diagram for a fre 
quency-division duplexing transceiver for extended commu 
nications range and throughput using MIMO and beam form 
1ng. 

Like labels are used to refer to same or similar items in the 
drawings. 

DETAILED DESCRIPTION 

FIG. 1 depicts an example of a block diagram of a trans 
ceiver for extended communications range and throughput 
using MIMO and beam forming. In this example, mobile ter 
minals 102, 104 are in communications range with trans 
ceiver system 106. Two multi-beam antenna arrays 130, 140 
each communicate with both mobile terminals 102, 104. Sig 
nals received from the mobile terminals and signals to be 
transmitted to the mobile terminals are processed by trans 
ceiver radio frequency signal conditioner (TX/RX RF signal 
conditioner) 150 and passed from/to MIMO transceivers 160 
where the received signals are transformed into receive data 
and transmit data is transformed into transmit signals after 
signal conditioning by 150. User data to/from the transceivers 
flows from/to the user data processor 170. 
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Mobile terminals 102,104 may be implemented as mobile 
wireless devices, although at any given time either mobile 
terminal may be stationary. Each mobile terminal may be 
referred to as, for example, a device, a user equipment, a 
mobile station, a mobile unit, a Subscriber station, a wireless 
terminal, a terminal, a tablet, a netbook computer, a laptop 
computer and/or any other wireless device. Moreover, each 
mobile terminal 102, 104 may also be implemented as, for 
example, a wireless handheld device, a wireless plug-in 
accessory, or the like. For example, the mobile terminal 102, 
104 may take the form of a wireless phone, a computer with 
a wireless connection to a network, or the like. In some 
instances, the mobile terminal 102, 104 may include one or 
more of the following: at least one processor, at least one 
computer-readable storage medium (e.g., memory, storage, 
and the like), at least one user interface, and at least one radio 
access mechanism. Although FIG. 1 only shows one antenna 
for each of mobile terminals 102, 104, each terminal may 
have more than one antenna. 

In Some implementations, transceiver system 106 is part of 
a base station providing wireless access to a wireless local 
area network and/or a public land mobile network. For 
example, transceiver system 106 may be implemented as a 
cellular base station of a public land mobile network and/or as 
a wireless access device (e.g., a Wi-Fi wireless access point) 
providing access to a wireless network. Although transceiver 
system 106 is often located at a fixed location, transceiver 
system 106 can be mobile, moveable and/or transportable. 

Antenna array 130 and/orantenna array 140 may receive a 
signal transmitted by another device, such as a mobile termi 
nal, user equipment, mobile station, and the like. In some 
implementations, the received signal is configured in accor 
dance with MIMO, although signals other than MIMO may 
be used as well. The received signal may also be configured in 
accordance with one or more wireless standards. For 
example, the received signal may be configured to Substan 
tially comply with a standard system specification, such as, 
for example, Institute for Electrical and Electronic Engineers 
(IEEE) 802.11a/b/g/n/ac (WiFi), IEEE 802.16 (WiMAX), 
2rd Generation Partnership Project (3GPP) Long Term Evo 
lution (LTE), 3GPP LTE-Advanced, 3GPP LTE-TDD (time 
division duplexing), 3GPP LTE-FDD (frequency division 
duplexing), High Speed Packet Access (HSPA), HSPA+, and 
other commercial wireless standards, and/or proprietary stan 
dards. Moreover, the received signal may carry one or more of 
Voice, video, images, data, control information, and any other 
information. 

Antenna arrays 130, 140 each synthesize a plurality of 
antenna beams where each beam of an antenna array is 
designed to provide gain in a prescribed solid angle different 
from the other beams also synthesized by the same array. For 
example, antenna array 130, antenna array 140 may produce 
four beams each. In some implementations, transceiver sys 
tem 106 is configured to allow communication between a 
mobile terminal and beams of antenna arrays 130, 140 with 
the same beam index. In the example of FIG. 1, beams 110(b) 
and 120(b) are configured to provide acceptable gain in the 
direction of mobile terminal 102. In this case, the index for the 
beam of both antenna arrays that is communicating with 
mobile terminal 102 is “b,” as shown in FIG. 1. Similarly, 
mobile terminal 104 is incommunication with beams of index 
“c” of both antenna arrays 130, 140. 
The number of beams produced by antenna arrays 130, 140 

is a parameter determined by design of the array. Although 
FIG. 1 shows four beams per array, a greater or smaller 
number of beams is also possible. Also, although FIG. 1 
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4 
shows two antenna arrays, any practical number of arrays can 
be used limited by cost, available power, co-site interference, 
beam overlap, and the like. 

Antenna arrays 130, 140 can be implemented in many 
different antenna technologies. For example, the individual 
elements of an array may each be a dipole antenna, monopole 
antenna, slot antenna, slotted waveguide antenna, horn 
antenna, microstrip patch antenna or any other antenna type. 
The antenna array 130, 140 may be configured with a beam 
former that provides fixed beams or steerable beams. Steer 
able beams may be electromechanically steered or electroni 
cally steered. Electronically steered arrays are sometimes 
referred to as phased arrays. The antenna array may further be 
coupled to a lens such as a Rotman lens or Hondalens (see, for 
example, U.S. Pat. No. 6,980,169), and/or a polarizer. Some 
antenna arrays 130, 140 can incorporate a combination of 
steering mechanisms such as phased arrays that are electro 
mechanically steered to a quadrant of space and electroni 
cally steered within the quadrant. Other combinations of the 
above elements are possible Such as a lens that is electrome 
chanically adjusted. 
TX/RX RF signal conditioning 150 includes signal process 

ing functions that may include filtering and amplification, and 
in Some implementations may also include frequency upcon 
version and/or downconversion, and the like. These functions 
may be performed in the analog domain, may be performed 
digitally, or may be performed in a combination thereof. 

Multiple MIMO transceivers are shown at 160. MIMO 
transceivers may perform digital signal processing associated 
with demodulation and decoding as well as modulation and 
encoding. In some configurations, there are as many MIMO 
transceivers 160 as beams supported by any one antenna. In 
this configuration, the number of antenna arrays is equal to 
the number of receive input and transmit output ports on each 
MIMO transceiver. Other configurations are also possible. 
Although TX/RX RF signal conditioning 150 and MIMO 
transceivers 160 are shown separately in FIG. 1, they may be 
combined into a single component or element. 

Data processor 170 manages MIMO transceivers 160 and 
provides an interface Such as an Ethernet interface to a net 
work 180. Data may be sent from the network 180 to MIMO 
transceivers 160, conditioned by Tx/RX RF signal conditioner 
150 and then transmitted by antenna arrays 130, 140 or both, 
to one or more mobile terminals such as 102, 104. Similarly, 
one or more mobile terminals may transmit signals received 
by one or more of antenna arrays 130, 140, conditioned by 
150, received by MIMO transceivers 160 and processed by 
data processor 170 for distribution to network 180. 

FIG. 2 depicts an example of a block diagram of a receiver 
200 for extended communications range and throughput with 
three antenna arrays 210, 220 and 230 and six MIMO receiv 
ers 250(a)-(f). Only the receive portion of a transceiver is 
shown in this example to simplify the description. In this 
example, each antenna array produces six independent beams 
212(a)-(f), 222(a)-(f), and 232(a)-(f) although each antenna 
array 210, 220, 230 could produce a different number of 
beams. Antenna arrays 210, 220 and 230 may be comprised of 
antenna elements 214(a)-(h), 224(a)-(h), and 234(a)-(h), 
respectively, as well as beam formers 216, 226, and 236. 
Although in this example each antenna array 210, 220, and 
230 is comprised of eight antenna elements 214(a)-(h), 224 
(a)-(h), and 234(a)-(h), different numbers of elements per 
array could be used. The six beams 212(a)-(f), 222(a)-(f), and 
232(a)-(f) of each antenna array are synthesized by antenna 
elements 214(a)-(h), 224(a)-(h), and 234(a)-(h), and beam 
formers 216, 226 and 236, respectively. 
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Each of the six beams of each antenna is associated with a 
corresponding signal 218(a)-(f), 228(a)-(f), and 238(a)-(f). 
MIMO receivers 250(a), 250(b), 250(c), 250(d), 250(e) and 
250(f) are connected to beam formers 216, 226, and 236 such 
that beam former output 218(a) corresponding to beam 212(a) 
is connected to MIMO receiver 250(a) at 240(a). Similarly, 
beam former output 228(a) corresponding to beam 222(a) is 
connected to receiver 250(a) at 240(b), and beam former out 
put 238(a) corresponding to beam 232(a) is connected to 
MIMO receiver 250(a) at 240(c). In the same fashion, beam 
former output 218(b) corresponding to beam 212(b) is con 
nected to MIMO receiver 250(b) at 241(a), beamformer out 
put 228(b) corresponding to beam 222(b) is connected to 
MIMO receiver 250(b) at 241(b), and beam former output 
238(b) corresponding to beam 232(b) are connected to 
MIMO receiver 250(b) at 214(c). The same connection pat 
tern is used for MIMO receivers 250(c), 250(d), 250(e), and 
250(f) connected to 242(a)-(c), 243(a)-(c), 244(a)-(c), and 
245(a)-(c) corresponding to beam former outputs 218(c)-(f), 
228(c)-(f), and 238(c)-(f) and beams 212(c)-(f), 222(c)-(f), 
and 232(c)-(f). 

Although the diagram 200 of FIG. 2 depicts three antennas 
arrays 210, 220, 230 with six beams each connected to six 
MIMO receivers 250(a)-(f) that can accept three inputs each, 
any number of antennas connected to MIMO transceivers that 
can accommodate the same number of inputs as antennas 
could be used. There are an equal number of MIMO receivers 
as beams per antenna array. For example, four antennas with 
three beams each could be connected to three MIMO receiv 
ers each with four inputs. Similarly, two antenna arrays with 
three beams each could be connected to three MIMO receiv 
ers with two inputs each. In some implementations, multiple 
MIMO receivers are implemented on a single circuit card 
and/or in a single enclosure. In some implementations, one 
MIMO receiver may be capable of handling multiple receive 
channels simultaneously. The implementation of FIG. 2 is 
scalable to any number of beams provided the availability of 
MIMO processors that are capable of accommodating the 
antenna inputs. The number of inputs per MIMO receiver is 
Sometimes referred to as its dimension. 
The example system of FIG. 2 allows antenna arrays 210, 

220 and 230 to be as far apart as practical, thus providing 
spatial diversity, while, at the same time, each antenna array 
210, 220 and 230 supports beam forming by the design of 
antenna elements 214(a)-(h), 224(a)-(h), 234(a)-(h) and 
beam formers 216, 226 and 236. For example, the character 
istics of beams 212(a)-(f) including beamwidth, gain and side 
lobe features, are determined by the type and design of each 
antenna element 214(a)-(h), the spacing between elements, 
and the beam former 216. MIMO performance is enhanced by 
placing antennas 210, 220 and 230, a distance apart that is 
many times to many thousands of times (or greater) farther 
apart than the distance between elements of the array. 

In some implementations, the antenna elements produce 
fixed beam directions that cannot be changed once the 
antenna is mounted and aligned. For example, the antenna 
arrays can be aligned so that the beams with the same index of 
antenna arrays 210, 220 and 230 point in the a direction that 
is parallel to each other. For example, beam 212(a) may be 
parallel to beams 222(a) and 232(a). Similarly, beams 212(b), 
222(b), and 232(b) may point in parallel directions. If the 
distance to the mobile terminal being communicated with is 
sufficiently far, the same beam index of all three antenna 
arrays will provide Sufficient gain to Support communication. 
Using the same beam index for each antenna reduces the 
receiver complexity. 
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6 
FIG. 3 depicts an example of a block diagram for a time 

division duplexing (TDD) transceiver for extended commu 
nications range and throughput using MIMO and beam form 
ing. In this example, the communications range may be 
increased by enabling one transmit beam at a time per antenna 
array allowing all of the radio frequency transmit power to be 
concentrated into one beam rather than spread-out over mul 
tiple beams. In operation, this is particularly useful when 
overall power is constrained by regulation Such as in unli 
censed bands (e.g. WiFi/802.11). The benefit is further 
enhanced in certain unlicensed bands for point-to-point trans 
missions where only one transmit beam is used. 

In the example shown in FIG. 3, time-division duplexing 
(TDD) transceiver 300 extends the communications range 
and throughput with three antennas arrays 210, 220 and 230 
and six MIMO transceivers 250(a)-(f). In this example, each 
antenna array produces six independent beams 212(a)-(f), 
222(a)-(f), and 232(a)-(f) although each antenna array could 
produce a different number of beams. Antenna arrays 210, 
220 and 230 are comprised of antenna elements 214(a)-(h), 
224(a)-(h), and 234(a)-(h), respectively, as well as beam 
formers 216, 226, and 236. Each antenna array 210, 220, and 
230 is comprised of eight antenna elements 214(a)-(h), 224 
(a)-(h), and 234(a)-(h), although a different number of ele 
ments per array could be used. The six beams 212(a)-(f), 
222(a)-(f), and 232(a)-(f) of each antenna array are synthe 
sized by antenna elements 214(a)-(h), 224(a)-(h), and 234 
(a)-(h) and beam formers 216,226 and 236, respectively. Each 
of the six beams of each antenna is associated with a corre 
sponding signal 218(a)-(f), 228(a)-(f), and 238(a)-(f). 

In this example, the corresponding signals 218(a)-(f), 228 
(a)-(f), and 238(a)-(f) are connected to transmit-receive (TVR) 
switches 310. The T/R switches 310 allow at any given time 
only a transmit signal or a receive signal to pass through the 
switch per antenna array. For example, the T/R switch corre 
sponding to antenna array 210 may be set to transmit. In this 
case, a transmit signal is passed from Switch 314(a) to 
antenna array 210 but no receive signal is passed through the 
T/R Switch 310 at that same time. Whether the T/R Switch 
corresponding to antenna array 210 is set to transmit or 
receive is independent of whether the T/R switch correspond 
ing to antenna array 220 is set to transmit or receive, or 
whether the T/R switch corresponding to antenna array 230 is 
set to transmit or receive. For example, T/R switches 310 may 
be set to send a transmit signal to antenna array 210 at the 
same time T/R switches 310 are set to pass receive signals 
from antenna arrays 220, 230. 
On one side of the T/R switch 310 are the six signals from 

each antenna array (e.g. 218(a)-(f). In some time division 
duplexing implementations such as FIG. 3, each of the six 
signals 218(a)-(f) may be an input to an antenna array, a signal 
to be transmitted by the array; or an output of the antenna 
array, a signal received by the antenna array. 
On the other side of T/R switches 310 are three groups of 

six outputs (received signals) leading to receive processing 
316. Each group of six corresponds to received signals from 
one of the three arrays and the six signals in each group 
correspond to the six signals received from one antenna array, 
each one of the six corresponding to a signal from one of the 
six beams of a one antenna array. Each signal in the three 
groups of six receive signals, eighteen in total, is passed from 
the T/R switches 310 to a signal conditioning receive proces 
Sor 316, each signal conditioning receive processor providing 
at least low noise amplification and signal filtering. 

Each output from 316, 319(a)-(f), 320(a)-(f), and 321(a)- 
(f) corresponds to a different one of beams 212(a)-(f), 222(a)- 
(f), and 232(a)-(f). For example, signal 319(a) originates at 
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beam 214(a) of antenna array 210. Similarly, the signal 320 
(d) originates at beam 224(d) and signal 321(a) originates at 
beam 234(a). Each group of signals connects to a receive bus. 
For example, signals out of receive processor 316 that corre 
spond to antenna array 210 connect to bus R1 (326(a)). Simi 
larly, signals corresponding to antenna array 220 connect to 
bus R2 (326(b)) and signals corresponding to antenna array 
230 connect to bus R3 ((326(c)). Bus R1 is configured to 
distribute the signals from the beams of antenna array 210 to 
one receive input of each MIMO transceiver 328(a)-(f). For 
example, bus R1 connects signal 319(a) to the receive input of 
MIMO transceiver 328(a) labeled RX 1, connects signal 319 
(b) to the receive input of MIMO transceiver 328(b) labeled 
Rx 1, connects signal 319(c) to the receive input of MIMO 
transceiver 328(c) labeled RX 1, and so on for signals 319(d)- 
(f) and transceivers 328(d)-(f). Bus R2 connects 320(a)-(f) to 
transceivers 328(a)-(f) in the same fashion. Bus R2 connects 
signal 320(a) to the receive input of MIMO transceiver 328(a) 
labeled RX 2, connects signal 320Ch) to the receive input of 
MIMO transceiver 328(b) labeled RX2, connects signal 320 
(c) to the receive input of MIMO transceiver 328(c) labeled 
RX 2, and so on for signals 320(d)-(f) and transceivers 328 
(d)-(f). Bus R3 connects signals 321(a)-(f) to transceivers 
328(a)-(f) in the same fashion. 

Also on the other side of the T/R Switch 310 are three 
groups of six inputs (transmit signals), each group of six 
connected to a switch 314(a), 314(b) or 314(c), each group 
corresponding the six beams or one of the antenna arrays 210, 
220 or 230. Each one of the six beams of each antenna array 
corresponds to one possible transmit signal. 

Each Switch connects one of the six outputs (corresponding 
to the six beams of each antenna array) to the output of a 
single power amplifier. The three power amplifiers with filters 
318(a), 318(b) and 318(c) provide the transmit RF signal for 
each of the three antenna arrays. Any combination of the three 
power amplifiers (including none) can be used and any one 
time. The input of each power amplifier with filter is con 
nected to another switch, a 6:1 transmit multiplexer (MUX). 
Transmit multiplexer (TxMUX) 322(a) selects one of the six 
signals from transmit bus T1 (324(a)) to connect to power 
amplifier with filter 318(a). Similarly, Tx MUX 322(b) 
selects one of six signals from bus T2 (324(b)) to connect to 
power amplifier 318(b), and Tx MUX 322(c) selects one of 
six signals from bus T3 (324(c)) to connect to power amplifier 
318(c). The combination of transmit multiplexer (e.g. 322 
(a)), power amplifier with filter (e.g. 318(a)) and switch (e.g. 
314(a)), selects one of six inputs from a transmit bus (e.g. T1 
324(a)) to connect, amplify, filter, and connect via Switch 
(e.g. 314(a)) through T/R switches 310 to one of the six 
beams (e.g. 224(a)) of one antenna array (e.g. 220). 

Six MIMO transceivers 328(a)-(f) each connect three 
receive inputs, one to each of receive busses R1 (326(a)), R2 
(326(b)), and R3 (326(c)) and each connect three transmit 
outputs, one to each of transmit busses T1 (324(a)), T2 (324 
(b)), and T3 (326(c)). By doing this, one beam of eachantenna 
array (210, 220 and 230) can be connected through T/R 
switch 310, receive processor 316, to the receive section of 
one MIMO transceiver (e.g. 250(a)). Similarly, the three 
transmit outputs of a single MIMO transceiver can be con 
nected through Tx MUXs 322(a)-(c), power amplifiers and 
filters 318(a)-(c), switches 314(a)-(c) and T/R switch 310 to 
one beam of each antenna array 210, 220 and 230. The three 
transmit signals from 314(a), 314(b), and 314(c) may be 
connected to any three of the 18 transmit signals from MIMO 
transceivers 328(a)-(f). In this implementation, only one of 
the six signals on T1 only one of the six TX 1 outputs of 
transceivers 250(a)-(f) is amplified, filtered and provided to 
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8 
one of the six beams of antenna array 210. In addition, one of 
the six signals of T2 and one of the signals of T3 is also 
provided to antenna arrays 220 and 230, respectively. 

Each MIMO transceiver interfaces to a central processing 
unit (CPU)334 via PCI/PCI-einterface 332. Data received by 
each MIMO transceiver and data to be sent by each MIMO 
transceiver is passed over the PCI/PCI-e interface 332. PCI/ 
PCI-e is an example interface and other interfaces (or bridges 
to other interfaces) could be used such as Ethernet, ATM, 
USB and any other wired or wireless interface. CPU 334 
connects to a backhaul network 338 via an Ethernet 336 or 
other interface. 

Each MIMO transceiver may perform built-in test func 
tions periodically or as commanded by the CPU to assess if 
each transceiver is performing properly. CPU 334 may also 
pass commands to each transceiver. The commands may be 
passed over the radio status interface, PCI/PCI-e interface or 
other interface. The radio status interface for each radio is 
managed by programmable logic 340 and CPU 334. Pro 
grammable logic 340 controls switch actuator 342 to select 
TX MUXs 322(a)-(c), switches 314(a)-(c) and TR Switch 
310 position (Tx or RX). Programmable logic 340 may also 
use radio card status information to determine the actual 
positions of TX MUXs 322(a)-(c), switches 314(a)-(c) and 
TR Switch 310. This provides closed loop feedback that 
Switching commands have been properly executed. It also is 
used to prevent a Radio Card from attempting a transmission 
when another is transmitting, or a Radio Card from attempt 
ing a transmission when the T/R switch is set to receive 

For example, programmable logic 340 and/or CPU 334 
may determine that a radio card(s) different from the current 
radio, card(s) should be enabled for transmission. Program 
mable logic 340 and/or CPU 334 may determine which radio 
card(s) should be used and which should be idled and may 
also coordinate the delivery of idle signals. Managing mul 
tiple radio cards is disclosed in U.S. patent application Ser. 
No. 10/700,342 "Signal Communication Coordination” and 
is herein incorporated by reference in its entirety. 
Some operations required for determining which radio 

card(s) should be enabled and which should be idled may be 
performed in programmable logic 340 and some operations 
may be performed in CPU 334. Operations that require low 
latency or rapid processing are generally performed in pro 
grammable logic 340 while less time-critical operations may 
be performed in CPU 334. In some instances, to take advan 
tage of regulatory constraints, a single transmitter may be 
desirable. In other instances, more than one transmitter may 
be used at a time. 

FIG. 4 depicts another example of a block diagram for a 
time-division duplexing transceiver for extended communi 
cations range and throughput using MIMO and beam form 
ing. The transceiver 400 has many of the same features as the 
transceiver 300. Transceiver 400 adds the capability to trans 
mit on all six beams of each of the three antenna arrays 210, 
220 and 230, for a total of 18 simultaneous transmit beams 
instead of the three beams of transceiver 300. If transceiver 
300 and transceiver 400 are the same except transceiver 400 
supports 18 simultaneous transmit beams and transceiver 300 
Supports 3 simultaneous transmit beams with the total trans 
mit power of 300 equal to the total transmit power of 400, 
transceiver 400 has a higher throughput than transceiver 300 
although at a maximum range that is less than 300. Trans 
ceiver 400 may be attractive for operation within licensed 
spectrum, such as the spectrum of the 3GPP LTE-TDD stan 
dard. 

Transceiver 400 supports three sets of six transmit process 
ing paths 402(a)-(c) for a total of 18 simultaneous transmit 
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processing paths. Each group of six processing paths 402(a)- 
(c) corresponds to signals destined for one of the antenna 
arrays 210, 220 and 230. Each of the 18 processing paths 
includes at least a power amplifier and a filter. In some imple 
mentations of the antenna array, an operator may choose to 
not simultaneously transmit two different signals on adjacent 
beams of an antenna array due to spatial overlap of the beams. 
Spatial overlap results in signal cross-talk or interference 
between the two beams which degrades performance of one 
or both beams. 

FIG. 5 depicts an example of a block diagram for a fre 
quency-division duplexing transceiver for extended commu 
nications range and throughput using MIMO and beam form 
ing. The transceiver 500 has many of the same features as the 
transceiver 400 and transceiver 300. Instead of supporting 
time division duplexing as do transceivers 300 and 400, trans 
ceiver 500 supports frequency-division duplexing. Trans 
ceiver 500 also supports the capability to transmit on all six 
beams of each of the three antenna arrays 210, 220 and 230, 
for a total of 18 simultaneous transmit beams as does trans 
ceiver 400. Transceiver 500 may be attractive for use in 
implementing the 3GPP LTE-FDD standard. 

Transceiver 500 shows a system that uses frequency divi 
sion duplexing (FDD). In a FDD System, transmit signals and 
receive signals occupy different frequencies. To separate 
transmit signals from receive signals transceiver 500 has a 
frequency selective duplexer 502 (also known as a diplexer) 
instead of the TVR Switches of transceivers 300 and 400. 
Recall, a TVR Switch separates transmit signals from receive 
signals by allowing only the transmit signal or the receive 
signal to pass through the Switch at any given time. Transmit 
signals are separated from receive signals by time resulting in 
time-division duplexing (TDD). Like the T/R switches of 
TDD systems, diplexer 502 in a FDD system separates trans 
mit signals from receive signals. 

Aspects of the subject matter described herein may be 
embodied in Systems, apparatus, methods, and/or articles 
depending on the desired configuration. For example, the 
transceivers (or one or more components therein) and/or the 
processes described herein can be implemented using one or 
more of the following: a processor executing program code, 
an application-specific integrated circuit (ASIC), a digital 
signal processor (DSP), an embedded processor, a field pro 
grammable gate array (FPGA), and/or combinations thereof. 
These various implementations may include implementation 
in one or more computer programs that are executable and/or 
interpretable on a programmable system including at least 
one programmable processor, which may be special or gen 
eral purpose, coupled to receive data and instructions from, 
and to transmit data and instructions to, a storage system, at 
least one input device, and at least one output device. These 
computer programs (also known as programs, software, Soft 
ware applications, applications, components, program code, 
or code) include machine instructions for a programmable 
processor, and may be implemented in a high-level proce 
dural and/or object-oriented programming language, and/or 
in assembly/machine language. As used herein, the phrase 
“machine-readable medium” refers to any computer program 
product, computer-readable medium, apparatus and/or 
device (e.g., magnetic discs, optical disks, memory, Program 
mable Logic Devices (PLDs)) used to provide machine 
instructions and/or data to a programmable processor, includ 
ing a machine-readable medium that receives machine 
instructions. Similarly, systems are also described herein that 
may include a processor and a memory coupled to the pro 
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10 
cessor. The memory may include one or more programs that 
cause the processor to perform one or more of the operations 
described herein. 

Although a few variations have been described in detail 
above, other modifications or additions are possible. In par 
ticular, further features and/or variations may be provided in 
addition to those set forth herein. For example, the implemen 
tations described above may be directed to various combina 
tions and subcombinations of the disclosed features and/or 
combinations and subcombinations of several further fea 
tures disclosed above. In addition, the logic flow depicted in 
the accompanying figures and/or described herein does not 
require the particular order shown, or sequential order, to 
achieve desirable results. In various example implementa 
tions, the methods (or processes) can be accomplished on 
mobile station/mobile device side or on the server side or in 
any shared way between server and user equipment/mobile 
device with actions being performed on both sides. The 
phrases “based on and “based on at least are used inter 
changeably herein. Other implementations may be within the 
Scope of the following claims. 
What is claimed is: 
1. A system comprising: 
mantenna arrays configured to receive a propagating radio 

frequency signal and configured to transmit a propagat 
ing radio frequency signal, each of the antenna arrays 
comprising: 
a plurality of antenna elements; and 
a beam former configured to produce n different bi-di 

rectional beams using the plurality of antenna ele 
ments; and 

in multiple-input multiple-output transceivers (MIMO), 
each MIMO transceiver comprising: 
a MIMO receiver configured to process m different 

received signals, wherein an i-th received signal to a 
j-th MIMO receiver corresponds to a j-th beam of an 
i-th antenna array; and 

a MIMO transmitter configured to process m different 
transmit signals, wherein a V-th transmit signal from a 
Z-th MIMO transmitter corresponds to a Z-th beam of 
a V-th antenna array, 

wherein m, n, V, and Z are integer number values, 
wherein i=1,..., m, j=1,..., n, and V-1, ... m. 
wherein ne2 and me2, 
wherein Z-1,..., W, and 
wherein news2. 

2. The system of claim 1, configured to Substantially com 
ply with one or more of Electrical and Electronic Engineers 
(IEEE) 802.11a/b/g/n/ac (WiFi), IEEE 802.16 (WiMAX), 
2nd Generation Partnership Project (3GPP) Long Term Evo 
lution (LTE), 3GPP LTE-Advanced, 3GPP LTE-TDD, 3GPP 
LTE-FDD, High Speed Packet Access (HSPA), and HSPA+. 

3. The system of claim 1, wherein m=3 and n=6. 
4. The system of claim 1, wherein the mantenna arrays are 

separated by a distance more than one wavelength apart at the 
carrier frequency. 

5. The system of claim 1, wherein the antenna elements are 
less than or equal to one half wavelength apart at the carrier 
frequency. 

6. The system of claim 1, wherein the beam former is an 
electronic beam former. 

7. The system of claim 1, wherein the antenna array further 
comprises a lens. 

8. The system of claim 7, wherein the lens is a Honda or 
Rotman lens. 

9. The system of claim 1, wherein the system simulta 
neously provides MIMO and beam forming. 
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10. An apparatus comprising: 
mantenna arrays configured to receive a propagating radio 

frequency signal and configured to transmit a propagat 
ing radio frequency signal, each of the antenna arrays 
comprising: 
a plurality of antenna elements; and 
a beam former configured to produce n different bi-di 

rectional beams using the plurality of antenna ele 
ments; and 

in multiple-input multiple-output transceivers (MIMO), 
each MIMO transceiver comprising: 
a MIMO receiver configured to process m different 

received signals, wherein an i-th received signal to a 
j-th MIMO receiver corresponds to a j-th beam of an 
i-th antenna array; and 

a MIMO transmitter configured to process m different 
transmit signals, 

wherein a V-th transmit signal from a Z-th MIMO trans 
mitter corresponds to a Z-th beam of a V-th antenna 
array, 

wherein m, n, V, and Z are integer number values, and 
wherein i-1, . . . . m., ji=1,..., n, and v=1,... m. 
wherein n>2 and ma2 
wherein Z-1,..., w, and 
wherein n>w22. 

11. The apparatus of claim 10, configured to substantially 
comply with one or more of Electrical and Electronic Engi 
neers (IEEE) 802.11a/b/g/n/ac (WiFi), IEEE 802.16 
(WiMAX), 2nd Generation Partnership Project (3GPP) Long 
Term Evolution (LTE), 3GPP LTE-Advanced, 3GPP LTE 
TDD, 3GPP LTE-FDD, High Speed Packet Access (HSPA), 
and HSPA+, 

12. The apparatus of claim 10, wherein m-3 and n=6. 
13. The apparatus of claim 10, wherein the mantenna 

arrays are separated by a distance more than one wavelength 
apart at the carrier frequency. 

14. The apparatus of claim 10, wherein the antenna ele 
ments are less than one half wavelength apart at the carrier 
frequency. 
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15. The apparatus of claim 10, wherein the beam former is 

an electronic beam former. 
16. The apparatus of claim 10, wherein the antenna array 

further comprises a lens. 
17. The apparatus of claim 10, wherein the lens is a Honda 

or Rotman lens. 
18. The apparatus of claim 10, wherein the apparatus 

simultaneously provides MIMO and beam forming. 
19. An apparatus comprising: 
mantenna arrays configured to receive a propagating radio 

frequency signal, each of the antenna arrays comprising: 
a plurality of antenna elements; and 
a beam former configured to produce n different receive 
beams using the plurality of antenna elements; and 

in multiple-input multiple-output receivers (MIMO), each 
MIMO receiver configured to process m different 
received signals, wherein an i-th received signal to a j-th 
MIMO receiver corresponds to a j-th beam of an i-th 
antenna array, 

wherein m and n are integer number values, and 
wherein i-1,..., m, andj=1,..., n, and 
wherein n>2 and ma2. 
20. An apparatus comprising: 
m antenna arrays configured to transmit a propagating 

radio frequency signal, each of the antenna arrays com 
prising: 
a plurality of antenna elements; and 
a beam former configured to produce n different transmit 
beams using the plurality of antenna elements; and 

in multiple-input multiple-output transmitters (MIMO), 
each MIMO transmitter configured to process m differ 
ent transmit signals, wherein a V-th transmit signal from 
a Z-th MIMO transmitter corresponding to a Z-th beam 
of a V-th antenna array is selected for transmission, 

wherein m, n, V, and Z are integer number values, and 
wherein Z=1,..., n, and V-1, ... m. and 
wherein n>2 and ma2. 




