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(54) INTEGRATED TWO DIMENSIONAL ACTIVE ANTENNA ARRAY COMMUNICATION SYSTEM

(57) An apparatus capable of communication with a
number of transmission points includes a processor con-
figured to control a beamforming transmission or a beam-
forming reception and an antenna array module. The an-
tenna array module includes a baseband unit configured
to perform baseband functions and disposed between

the two sections. The antenna array module also includes
a plurality of antenna elements disposed in groups. Each
of the groups includes an equal number of antenna ele-
ments. The plurality of antenna elements are disposed
symmetrically around the baseband unit.
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Description

Technical Field

[0001] The present application relates generally to wireless communication systems and, more specifically, to an
integrated two-dimensional active antenna array communication system.

Background Art

[0002] The rapid growth of data traffic driven by mobile devices poses challenges on capacity of wireless networks.
Multi-input-multi-output (MIMO) and multiuser MIMO (MU-MIMO) are key technologies introduced in the 3GPP LTE and
LTE-advanced systems to improve spectral efficiency. In current MIMO systems, an evolved Node B (eNB) is usually
equipped with a linear array with antenna elements placed in a horizontal line, and the eNB exploits spatial diversity in
the azimuth (horizontal) domain. In contrast, deploying antennas vertically allows eNBs to utilize diversity in elevation
domain by, for example, elevation beamforming, achieving up to 30% gain in system capacity.

Disclosure of Invention

Technical Problem

[0003] An aspect of the present disclosure to provide an antenna array with highert performance than a linier array.

Solution to Problem

[0004] In a first embodiment, an antenna array module is provided. The antenna array module includes a baseband
unit configured to perform baseband functions. The antenna array module also includes a plurality of physical antenna
elements disposed in groups. Each of the groups includes an equal number of antenna elements. The groups are
disposed symmetrically around the baseband signal processing.
[0005] In a second embodiment, an apparatus is provided. The apparatus includes a processor configured to control
a beamforming transmission or reception and an integrated antenna array system. The antenna array module includes
a baseband unit configured to perform baseband functions and disposed between the two sections. The antenna array
module also includes a plurality of physical antenna elements disposed in groups. Each of the groups includes an equal
number of antenna elements. The groups are disposed symmetrically around the baseband signal processing.
[0006] Other technical features may be readily apparent to one skilled in the art from the following figures, descriptions,
and claims. Definitions for other certain words and phrases are provided throughout this patent document. Those of
ordinary skill in the art should understand that in many if not most instances, such definitions apply to prior as well as
future uses of such defined words and phrases.
[0007] Before undertaking the DETAILED DESCRIPTION below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent document. The term "couple" and its derivatives refer to any
direct or indirect communication between two or more elements, whether or not those elements are in physical contact
with one another. The terms "transmit," "receive," and "communicate," as well as derivatives thereof, encompass both
direct and indirect communication. The terms "include" and "comprise," as well as derivatives thereof, mean inclusion
without limitation. The term "or" is inclusive, meaning and/or. The phrase "associated with," as well as derivatives thereof,
means to include, be included within, interconnect with, contain, be contained within, connect to or with, couple to or
with, be communicable with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have, have a
property of, have a relationship to or with, or the like. The term "controller" means any device, system or part thereof
that controls at least one operation. Such a controller may be implemented in hardware or a combination of hardware
and software and/or firmware. The functionality associated with any particular controller may be centralized or distributed,
whether locally or remotely. The phrase "at least one of," when used with a list of items, means that different combinations
of one or more of the listed items may be used, and only one item in the list may be needed. For example, "at least one
of: A, B, and C" includes any of the following combinations: A, B, C, A and B, A and C, B and C, and A and B and C.

Advantageous Effects of Invention

[0008] A communication system performance may be improved.
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Brief Description of Drawings

[0009] For a more complete understanding of the present disclosure and its advantages, reference is now made to
the following description taken in conjunction with the accompanying drawings, in which like reference numerals represent
like parts:

FIGURE 1 illustrates an example wireless network according to this disclosure;
FIGURES 2a and 2b illustrate example wireless transmit and receive paths according to this disclosure;
FIGURE 3 illustrates an example user equipment (UE) according to this disclosure;
FIGURE 4 illustrates an evolved Node B (eNB) according to this disclosure;
FIGURE 5 illustrates a Full Dimensional MIMO (FD-MIMO) system according to this disclosure;
FIGURE 6 illustrates an example antenna array system;
FIGURE 7 illustrates an integrated antenna array system according to this disclosure;
FIGURE 8 illustrates a side view of the integrated antenna array system for wireless communication system according
to this disclosure;
FIGURE 9 illustrates a side view of another embodiment of the integrated antenna array system for wireless com-
munication system according to this disclosure;
FIGURE 10 illustrates processing circuitry of the integrated antenna array system for wireless communication system
according to this disclosure;
FIGURE 11 illustrates a schematic diagram of a 232 RF transceiver module according to this disclosure;
FIGURE 12 illustrates a 232 RF transceiver module and motherboard connection according to this disclosure;
FIGURE 13 illustrates portions of the integrated antenna array system mounted on a motherboard according to this
disclosure;
FIGURES 14a and 14b illustrate an antenna element according to this disclosure;
FIGURE 15 illustrates S-parameters and envelop correlation curves for the dual polarized wideband antenna element
according to this disclosure;
FIGURES 16a, 16b and 16c illustrate a simulated antenna element gain pattern and corresponding antenna array
configuration according to this disclosure;
FIGURE 17 illustrates an array configuration-3 of the integrated antenna array system according to this disclosure;
FIGURE 18 illustrates a link level simulation results with the proposed RF and antenna architecture according to
this disclosure;
FIGURE 19 illustrates sum rate distribution of SLNR precoding according to this disclosure; and
FIGURE 20 illustrates SINR distribution analysis according to this disclosure.

Best Mode for Carrying out the Invention

[0010] FIGURES 1 through 20, discussed below, and the various embodiments used to describe the principles of the
present disclosure in this patent document are by way of illustration only and should not be construed in any way to limit
the scope of the disclosure. Those skilled in the art will understand that the principles of the present disclosure may be
implemented in any suitably arranged Wireless.
[0011] The following documents and standards descriptions are hereby incorporated into the present disclosure as if
fully set forth herein: Vuokko, V.-M. Kolmonen, J. Kivinen, and P. Vainikainen, "Results from 5.3 GHz MIMO measurement
campaign," presented at COST 273 TD(04)193, Duisburg, 2004 (REF 1); Young-Han Nam, Boon Loong Ng, Krishna
Sayana, Yang Li, Jianzhong (Charlie) Zhang, Younsun Kim and Juho Lee ,"Full Dimension MIMO (FD-MIMO) for Next
Generation Cellular Technology", Communications Magazine, IEEE, vol.51, no.6, pp.172,179, June 2013 (REF 2); and
United States Patent Number 6351243 B1 entitled "Sparse array antenna" and naming Anders Derneryd and Björn
Gunnar Johannisson as inventors (REF 3). The contents of which are hereby incorporated by reference in their entirety.
[0012] Embodiments of the present disclosure provide a novel architecture for large two-dimensional (2D) antenna
array communication system. According to certain embodiments, an active antenna array is divided into two sections
that are physically separated by the baseband unit. The distance between the two antenna array sections is larger than
one wavelength (1λ). This separation provides two key benefits. First, the baseband unit is connected to the active
antenna transceiver units using symmetric traces. Therefore routing is symmetric and easy to implement despite the
large size of the antenna array. Secondly, the larger than 1λ non-uniform (inter-section) spacing enhances system
performance (higher capacity) despite the occurrence of side lobes. Typically, active antenna arrays employ uniform
antenna spacing, smaller than 1λ, to avoid side lobes and grating lobes.
[0013] FIGURE 1 illustrates an example wireless network 100 according to this disclosure. The embodiment of the
wireless network 100 shown in FIGURE 1 is for illustration only. Other embodiments of the wireless network 100 could
be used without departing from the scope of this disclosure.
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[0014] As shown in FIGURE 1, the wireless network 100 includes an eNodeB (eNB) 101, an eNB 102, and an eNB
103. The eNB 101 communicates with the eNB 102 and the eNB 103. The eNB 101 also communicates with at least
one Internet Protocol (IP) network 130, such as the Internet, a proprietary IP network, or other data network.
[0015] Depending on the network type, other well-known terms may be used instead of "eNodeB" or "eNB," such as
"base station" or "access point." For the sake of convenience, the terms "eNodeB" and "eNB" are used in this patent
document to refer to network infrastructure components that provide wireless access to remote terminals. Also, depending
on the network type, other well-known terms may be used instead of "user equipment" or "UE," such as "mobile station,"
"subscriber station," "remote terminal," "wireless terminal," or "user device." For the sake of convenience, the terms
"user equipment" and "UE" are used in this patent document to refer to remote wireless equipment that wirelessly
accesses an eNB, whether the UE is a mobile device (such as a mobile telephone or smartphone) or is normally
considered a stationary device (such as a desktop computer or vending machine).
[0016] The eNB 102 provides wireless broadband access to the network 130 for a first plurality of user equipments
(UEs) within a coverage area 120 of the eNB 102. The first plurality of UEs includes a UE 111, which may be located
in a small business (SB); a UE 112, which may be located in an enterprise (E); a UE 113, which may be located in a
WiFi hotspot (HS); a UE 114, which may be located in a first residence (R); a UE 115, which may be located in a second
residence (R); and a UE 116, which may be a mobile device (M) like a cell phone, a wireless laptop, a wireless PDA, or
the like. The eNB 103 provides wireless broadband access to the network 130 for a second plurality of UEs within a
coverage area 125 of the eNB 103. The second plurality of UEs includes the UE 115 and the UE 116. In some embod-
iments, one or more of the eNBs 101 to 103 may communicate with each other and with the UEs 111 to 116 using 5G,
LTE, LTE-A, WiMAX, or other advanced wireless communication techniques.
[0017] Dotted lines show the approximate extents of the coverage areas 120 and 125, which are shown as approxi-
mately circular for the purposes of illustration and explanation only. It should be clearly understood that the coverage
areas associated with eNBs, such as the coverage areas 120 and 125, may have other shapes, including irregular
shapes, depending upon the configuration of the eNBs and variations in the radio environment associated with natural
and man-made obstructions.
[0018] As described in more detail below, one or more of eNBs 101, 102 and 103 are utilize an integrated 2D active
antenna array architecture to communicate with one or more of UEs 111, 112, 113, 114, 115 and 116. In certain
embodiments, one or more of UE 111, 112, 113, 114, 115 and 116 include an integrated 2D active antenna array
architecture to communicate with one or more of eNBs 101, 102 or eNB 103.
[0019] Although FIGURE 1 illustrates one example of a wireless network 100, various changes may be made to
FIGURE 1. For example, the wireless network 100 could include any number of eNBs and any number of UEs in any
suitable arrangement. Also, the eNB 101 could communicate directly with any number of UEs and provide those UEs
with wireless broadband access to the network 130. Similarly, each eNB 102 to 103 could communicate directly with
the network 130 and provide UEs with direct wireless broadband access to the network 130. Further, the eNB 101, 102,
and/or 103 could provide access to other or additional external networks, such as external telephone networks or other
types of data networks.
[0020] FIGURES 2A and 2B illustrate example wireless transmit and receive paths according to this disclosure. In the
following description, a transmit path 200 may be described as being implemented in an eNB (such as eNB 102), while
a receive path 250 may be described as being implemented in a UE (such as UE 116). However, it will be understood
that the receive path 250 could be implemented in an eNB and that the transmit path 200 could be implemented in a
UE. In some embodiments, the transmit path 200 and receive path 250 are configured to communicate via an integrated
2D active antenna array architecture.
[0021] The transmit path 200 includes a channel coding and modulation block 205, a serial-to-parallel (S-to-P) block
210, a size N Inverse Fast Fourier Transform (IFFT) block 215, a parallel-to-serial (P-to-S) block 220, an add cyclic
prefix block 225, and an up-converter (UC) 230. The receive path 250 includes a down-converter (DC) 255, a remove
cyclic prefix block 260, a serial-to-parallel (S-to-P) block 265, a size N Fast Fourier Transform (FFT) block 270, a parallel-
to-serial (P-to-S) block 275, and a channel decoding and demodulation block 280.
[0022] In the transmit path 200, the channel coding and modulation block 205 receives a set of information bits, applies
coding (such as a low-density parity check (LDPC) coding), and modulates the input bits (such as with Quadrature Phase
Shift Keying (QPSK) or Quadrature Amplitude Modulation (QAM)) to generate a sequence of frequency-domain modu-
lation symbols. The serial-to-parallel block 210 converts (such as de-multiplexes) the serial modulated symbols to parallel
data in order to generate N parallel symbol streams, where N is the IFFT/FFT size used in the eNB 102 and the UE 116.
The size N IFFT block 215 performs an IFFT operation on the N parallel symbol streams to generate time-domain output
signals. The parallel-to-serial block 220 converts (such as multiplexes) the parallel time-domain output symbols from
the size N IFFT block 215 in order to generate a serial time-domain signal. The add cyclic prefix block 225 inserts a
cyclic prefix to the time-domain signal. The up-converter 230 modulates (such as up-converts) the output of the add
cyclic prefix block 225 to an RF frequency for transmission via a wireless channel. The signal may also be filtered at
baseband before conversion to the RF frequency.
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[0023] A transmitted RF signal from the eNB 102 arrives at the UE 116 after passing through the wireless channel,
and reverse operations to those at the eNB 102 are performed at the UE 116. The down-converter 255 down-converts
the received signal to a baseband frequency, and the remove cyclic prefix block 260 removes the cyclic prefix to generate
a serial time-domain baseband signal. The serial-to-parallel block 265 converts the time-domain baseband signal to
parallel time domain signals. The size N FFT block 270 performs an FFT algorithm to generate N parallel frequency-
domain signals. The parallel-to-serial block 275 converts the parallel frequency-domain signals to a sequence of mod-
ulated data symbols. The channel decoding and demodulation block 280 demodulates and decodes the modulated
symbols to recover the original input data stream.
[0024] Each of the eNBs 101 to 103 may implement a transmit path 200 that is analogous to transmitting in the downlink
to UEs 111 to 116 and may implement a receive path 250 that is analogous to receiving in the uplink from UEs 111 to
116. Similarly, each of UEs 111 to 116 may implement a transmit path 200 for transmitting in the uplink to eNBs 101 to
103 and may implement a receive path 250 for receiving in the downlink from eNBs 101 to 103.
[0025] Each of the components in FIGURES 2A and 2B can be implemented using only hardware or using a combination
of hardware and software/firmware. As a particular example, at least some of the components in FIGURES 2A and 2B
may be implemented in software, while other components may be implemented by configurable hardware or a mixture
of software and configurable hardware. For instance, the FFT block 270 and the IFFT block 215 may be implemented
as configurable software algorithms, where the value of size N may be modified according to the implementation.
[0026] Furthermore, although described as using FFT and IFFT, this is by way of illustration only and should not be
construed to limit the scope of this disclosure. Other types of transforms, such as Discrete Fourier Transform (DFT) and
Inverse Discrete Fourier Transform (IDFT) functions, could be used. It will be appreciated that the value of the variable
N may be any integer number (such as 1, 2, 3, 4, or the like) for DFT and IDFT functions, while the value of the variable
N may be any integer number that is a power of two (such as 1, 2, 4, 8, 16, or the like) for FFT and IFFT functions.
[0027] Although FIGURES 2A and 2B illustrate examples of wireless transmit and receive paths, various changes
may be made to FIGURES 2A and 2B. For example, various components in FIGURES 2A and 2B could be combined,
further subdivided, or omitted and additional components could be added according to particular needs. Also, FIGURES
2A and 2B are meant to illustrate examples of the types of transmit and receive paths that could be used in a wireless
network. Any other suitable architectures could be used to support wireless communications in a wireless network.
[0028] FIGURE 3 illustrates an example UE 116 according to this disclosure. The embodiment of the UE 116 illustrated
in FIGURE 3 is for illustration only, and the UEs 111 to 115 of FIGURE 1A could have the same or similar configuration.
However, UEs come in a wide variety of configurations, and FIGURE 3 does not limit the scope of this disclosure to any
particular implementation of a UE.
[0029] The UE 116 includes multiple antennas 305a-305n, radio frequency (RF) transceivers 310a-310n, transmit
(TX) processing circuitry 315, a microphone 320, and receive (RX) processing circuitry 325. The TX processing circuitry
315 and RX processing circuitry 325 are respectively coupled to each of the RF transceivers 310a-310n, for example,
coupled to RF transceiver 310a, RF transceiver 210b through to a Nth RF transceiver 310n, which are coupled respectively
to antenna 305a, antenna 305b and an Nth antenna 305n. In certain embodiments, the UE 116 includes a single antenna
305a and a single RF transceiver 310a. In certain embodiments, the single antenna 305a or multiple antennas 305a-
305n comprise an integrated 2D active antenna array architecture. The UE 116 also includes a speaker 330, a main
processor 340, an input/output (I/O) interface (IF) 345, a keypad 350, a display 355, and a memory 360. The memory
360 includes a basic operating system (OS) program 361 and one or more applications 362.
[0030] The RF transceivers 310a-310n receive, from respective antennas 305a-305n, an incoming RF signal trans-
mitted by an eNB or AP of the network 100. In certain embodiments, each of the RF transceivers 310a-310n and
respective antennas 305a-305n is configured for a particular frequency band or technological type. For example, a first
RF transceiver 310a and antenna 305a can be configured to communicate via a near-field communication, such as
BLUETOOTH®, while a second RF transceiver 310b and antenna 305b can be configured to communicate via a IEEE
802.11 communication, such as Wi-Fi, and another RF transceiver 310n and antenna 305n can be configured to com-
municate via cellular communication, such as 3G, 4G, 5G, LTE, LTE-A, or WiMAX. In certain embodiments, one or more
of the RF transceivers 310a-310n and respective antennas 305a-305n is configured for a particular frequency band or
same technological type. The RF transceivers 310a-310n down-converts the incoming RF signal to generate an inter-
mediate frequency (IF) or baseband signal. The IF or baseband signal is sent to the RX processing circuitry 325, which
generates a processed baseband signal by filtering, decoding, and/or digitizing the baseband or IF signal. The RX
processing circuitry 325 transmits the processed baseband signal to the speaker 330 (such as for voice data) or to the
main processor 340 for further processing (such as for web browsing data).
[0031] The TX processing circuitry 315 receives analog or digital voice data from the microphone 320 or other outgoing
baseband data (such as web data, e-mail, or interactive video game data) from the main processor 340. The TX processing
circuitry 315 encodes, multiplexes, and/or digitizes the outgoing baseband data to generate a processed baseband or
IF signal. The RF transceivers 310a-310n receive the outgoing processed baseband or IF signal from the TX processing
circuitry 315 and up-converts the baseband or IF signal to an RF signal that is transmitted via one or more of the antennas
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305a-305n.
[0032] The main processor 340 can include one or more processors or other processing devices and execute the
basic OS program 361 stored in the memory 360 in order to control the overall operation of the UE 116. For example,
the main processor 340 could control the reception of forward channel signals and the transmission of reverse channel
signals by the RF transceivers 310a-310n, the RX processing circuitry 325, and the TX processing circuitry 315 in
accordance with well-known principles. In some embodiments, the main processor 340 includes at least one microproc-
essor or microcontroller.
[0033] The main processor 340 is also capable of executing other processes and programs resident in the memory
360, such as operations for communicating via an integrated 2D active antenna array architecture. The main processor
340 can move data into or out of the memory 360 as required by an executing process. In some embodiments, the main
processor 340 is configured to execute the applications 362 based on the OS program 361 or in response to signals
received from eNBs or an operator. The main processor 340 is also coupled to the I/O interface 345, which provides the
UE 116 with the ability to connect to other devices such as laptop computers and handheld computers. The I/O interface
345 is the communication path between these accessories and the main controller 340.
[0034] The main processor 340 is also coupled to the keypad 350 and the display unit 355. The user of the UE 116
can use the keypad 350 to enter data into the UE 116. The display 355 can be a liquid crystal display or other display
capable of rendering text or at least limited graphics, such as from web sites, or a combination thereof.
[0035] The memory 360 is coupled to the main processor 340. Part of the memory 360 could include a random access
memory (RAM), and another part of the memory 360 could include a Flash memory or other read-only memory (ROM).
[0036] Although FIGURE 3 illustrates one example of UE 116, various changes may be made to FIGURE 3. For
example, various components in FIGURE 3 could be combined, further subdivided, or omitted and additional components
could be added according to particular needs. As a particular example, the main processor 340 could be divided into
multiple processors, such as one or more central processing units (CPUs) and one or more graphics processing units
(GPUs). Also, while FIGURE 3 illustrates the UE 116 configured as a mobile telephone or smartphone, UEs could be
configured to operate as other types of mobile or stationary devices.
[0037] FIGURE 4 illustrates an example eNB 102 according to this disclosure. The embodiment of the eNB 102 shown
in FIGURE 4 is for illustration only, and other eNBs of FIGURE 1 could have the same or similar configuration. However,
eNBs come in a wide variety of configurations, and FIGURE 4 does not limit the scope of this disclosure to any particular
implementation of an eNB
[0038] The eNB 102 includes multiple antennas 405a-405n, multiple RF transceivers 410a-410n, transmit (TX) process-
ing circuitry 415, and receive (RX) processing circuitry 420. The eNB 102 also includes a controller/processor 425, a
memory 430, and a backhaul or network interface 435. In certain embodiments, the multiple antennas 405a-405n
comprise an integrated 2D active antenna array architecture.
[0039] The RF transceivers 410a-410n receive, from the antennas 405a-405n, incoming RF signals, such as signals
transmitted by UEs or other eNBs. The RF transceivers 410a-410n down-convert the incoming RF signals to generate
IF or baseband signals. The IF or baseband signals are sent to the RX processing circuitry 420, which generates
processed baseband signals by filtering, decoding, and/or digitizing the baseband or IF signals. The RX processing
circuitry 420 transmits the processed baseband signals to the controller/ processor 425 for further processing.
[0040] The TX processing circuitry 415 receives analog or digital data (such as voice data, web data, e-mail, or
interactive video game data) from the controller/processor 425. The TX processing circuitry 415 encodes, multiplexes,
and/or digitizes the outgoing baseband data to generate processed baseband or IF signals. The RF transceivers 410a-
410n receive the outgoing processed baseband or IF signals from the TX processing circuitry 415 and up-converts the
baseband or IF signals to RF signals that are transmitted via the antennas 405a-405n.
[0041] The controller/processor 425 can include one or more processors or other processing devices that control the
overall operation of the eNB 102. For example, the controller/processor 425 could control the reception of forward channel
signals and the transmission of reverse channel signals by the RF transceivers 410a-410n, the RX processing circuitry
420, and the TX processing circuitry 415 in accordance with well-known principles. The controller/processor 325 could
support additional functions as well, such as more advanced wireless communication functions utilizing an integrated
2D active antenna array architecture. Any of a wide variety of other functions could be supported in the eNB 102 by the
controller/processor 425. In some embodiments, the controller/ processor 425 includes at least one microprocessor or
microcontroller.
[0042] The controller/processor 425 is also capable of executing programs and other processes resident in the memory
430, such as a basic OS. The controller/processor 425 can move data into or out of the memory 430 as required by an
executing process.
[0043] The controller/processor 425 is also coupled to the backhaul or network interface 435. The backhaul or network
interface 435 allows the eNB 102 to communicate with other devices or systems over a backhaul connection or over a
network. The interface 435 could support communications over any suitable wired or wireless connection(s). For example,
when the eNB 102 is implemented as part of a cellular communication system (such as one supporting 5G, LTE, or LTE-



EP 3 723 199 A1

7

5

10

15

20

25

30

35

40

45

50

55

A), the interface 335 could allow the eNB 102 to communicate with other eNBs over a wired or wireless backhaul
connection. When the eNB 102 is implemented as an access point, the interface 435 could allow the eNB 102 to
communicate over a wired or wireless local area network or over a wired or wireless connection to a larger network
(such as the Internet). The interface 435 includes any suitable structure supporting communications over a wired or
wireless connection, such as an Ethernet or RF transceiver.
[0044] The memory 430 is coupled to the controller/processor 425. Part of the memory 430 could include a RAM, and
another part of the memory 430 could include a Flash memory or other ROM.
[0045] As described in more detail below, the transmit and receive paths of the eNB 102 (implemented using the RF
transceivers 410a-410n, TX processing circuitry 415, and/or RX processing circuitry 420) support communication with
aggregation of FDD cells and TDD cells.
[0046] Although FIGURE 4 illustrates one example of an eNB 102, various changes may be made to FIGURE 4. For
example, the eNB 102 could include any number of each component shown in FIGURE 4. As a particular example, an
access point could include a number of interfaces 435, and the controller/processor 425 could support routing functions
to route data between different network addresses. As another particular example, while shown as including a single
instance of TX processing circuitry 415 and a single instance of RX processing circuitry 420, the eNB 102 could include
multiple instances of each (such as one per RF transceiver).
[0047] FIGURE 5 illustrates a Full Dimensional MIMO (FD-MIMO) system according to this disclosure. The embodiment
of the FD-MIMO system 500 shown in FIGURE 5 is for illustration only. Other embodiments could be used without
departing from the scope of the present disclosure.
[0048] FD-MIMO has emerged as a promising technology to significantly increase system capacity. In FD-MIMO, eNB
102 deploys a large number of active antenna elements in a two-dimensional plane. That is, eNB 102 employs one or
more 2D active antenna arrays 505. The eNB 102 can send signals to and receive signals from one or more of UEs 111
to 116. For example, eNB 102 can use elevation beamforming to UEs 111 and 112 and use azimuth beamforming to
UE 115 and 116, while UEs 113 and 114 may either be unable to receive a signal or not scheduled for communication.
[0049] FIGURE 6 illustrates an example antenna array system construction according to certain systems. The em-
bodiment of the antenna array system 600 shown in FIGURE 6 is for illustration only.
[0050] The antenna array system 600 includes a number of antenna elements 605. The antenna elements 605 are
arranged with an equidistant dx 610 spacing in azimuth domain and an equidistant dy 615 spacing in elevation domain.
A number of simultaneous fixed scanned beams may be generated in the azimuth plane by a Butler matrix 620 connected
to respective antenna columns 625. Different variations of the design exist; however, the antenna elements are separated
by an equal distance.
[0051] FIGURE 7 illustrates an integrated antenna array system according to this disclosure. The embodiment of the
integrated antenna array system 700 shown in FIGURE 7 is for illustration only. Other embodiments could be used
without departing from the scope of the present disclosure. The integrated antenna array system may be referred as
’an antenna array module’.
[0052] In the example shown in FIGURE 7, the integrated antenna array system 700 includes two 16-element sections
705a and 705b. The integrated 2D active antenna array system 700 includes baseband signal processing unit 710 (also
referenced as a baseband module or baseband unit), a plurality of physical antenna elements 715, a plurality of RF
transceiver modules 720 and a calibration module 725. The baseband signal processing unit 710 is disposed among
the sections 705a and 705b such that the sections 705a and 705b are positioned symmetrically around the baseband
signal processing unit 710. The sections 705a and 705b can be grouped logically, by electrical connection, or any suitable
means provided that the sections 705a and 705b are symmetrically positioned around the baseband signal processing
unit 710. It is noted that the symmetrical refers to each of the sections 705a and 705b having of exactly similar parts
facing each other or around an axis defined by the baseband signal processing unit 710; showing symmetry between
the sections 705a and 705b and the baseband signal processing unit 710.
[0053] The antenna elements 715 are spaced with d1 distance between elements in azimuth domain. A top section
705a of elements includes a first row 730a of the antenna elements and a second row 730b of the elements disposed
at a d2 spacing apart from each other. A bottom section 705b of antenna elements, including third row 730c and fourth
row 730d, has a symmetric configuration of the antenna elements 715 as the top section 705a of the integrated 2D active
antenna array system 700. The top section 705a of the antenna array, including the first row 730a and second row 730b,
and the bottom section 705b, including the third row 730c and fourth row 730d are separated by a d3 distance spacing.
Illustration of each of the sections 705a and 705b has having two rows within is for ease of explanation and each of the
sections 705a and 705b could have more or less rows and more or less antenna elements 715 or more or less RF
transceiver modules 720. In certain embodiments, the integrated antenna array system 700 includes more than two
sections 705.
[0054] The baseband signal processing unit 710 includes processing circuitry, such as one or more processors. The
baseband signal processing unit 710 is coupled to the transceiver modules 720 and antenna elements 715 through
equal length connection traces 735, 740, 745 and 750. A signal carried on these traces 735, 740, 745 and 750 can be
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analog baseband signal, analog intermediate frequency signal or high speed digital signal. The traces 735, 740, 745
and 750 are symmetric to each other.
[0055] The calibration module 725 includes processing circuitry, such as one or more processors and one or more
local oscillation devices that produces a periodic, oscillating electronic signal, such as a crystal oscillator or electronic
circuit. The calibration module 725 communicates with the baseband signal processing unit 710. The calibration module
725 also is connected to antenna elements 715 and the transceiver modules 720.
[0056] In certain embodiment, the integrated antenna array system 700 is mounted horizontally. That is, the depiction
in FIGURE 7 is rotated by ninety degrees. In this case, the non-uniform (larger) spacing between the top section 705a
and the bottom section 705b due to the placement of the baseband signal processing unit 710 and calibration module
725 is introduced in the azimuth dimension. Embodiments of the present disclosure are not limited to any one specific
orientation of the integrated antenna array system 700 and many different orientations could be employed without
departing from the scope of the present disclosure. Additionally, the number of antenna elements 715 shown in the
example illustrated in FIGURE 7 for illustration only. Various embodiments of the integrated antenna array system 700
could include a different number of antenna elements 715, a different configuration of elements, or a combination thereof.
In certain embodiments, the integrated antenna array system 700 includes one or more non-symmetrical sections, which
could be similar to or different from sections 705a and 705b. In certain embodiments, the integrated antenna array
system 700 is configured in three dimensions such that one or more sections 705a or 705b is disposed above or below
the baseband signal processing unit 710.
[0057] FIGURE 8 illustrates a side view of the integrated antenna array system for wireless communication system
according to this disclosure. The embodiment of the integrated antenna array system 700 shown in FIGURE 8 is for
illustration only. Other embodiments could be used without departing from the scope of the present disclosure.
[0058] The integrated antenna array system 700 includes a heat sink 805 that surrounds all the circuitry, such as the
baseband signal processing unit 710, the antenna elements 715, the RF transceiver modules 720 and the calibration
module 725. The heat sink 805 is configured to provide structure protection and heat dissipation. A mother board can
be a single mother board element or include two or more separate boards. In the example shown in FIGURE 8, the
integrated antenna array system 700 includes a first mother board 810a and a second mother board 810b. The antenna
elements 715 are mounted at a top of the mother boards 810a, 810b and RF transceiver modules 720 are mounted on
a bottom of the mother boards 810a, 810b. The baseband signal processing unit 710 includes a baseband board 820
and a baseband processor 825. The baseband board 820 is connected to the mother boards 810a, 810b through
respective connectors 830. The baseband processor 825 is mounted adjacent to the heat sink 805.
[0059] FIGURE 9 illustrates another side view of the integrated antenna array system for wireless communication
system according to this disclosure. The embodiment of the integrated antenna array system 700 shown in FIGURE 9
is for illustration only. Other embodiments could be used without departing from the scope of the present disclosure.
[0060] The integrated antenna array system 700 includes a heat sink 805 that surrounds all the circuitry, such as the
baseband signal processing unit 710, the antenna elements 715, the RF transceiver modules 720 and the calibration
module 725. The heat sink 805 is configured to provide structure protection and heat dissipation. The mother board 810
comprises a single piece of PCB board. The antenna elements 715 are mounted at the top of the mother board 810 and
RF transceiver modules 720 are mounted at a bottom of the mother board 810. The baseband processor 825 is mounted
on the bottom of the mother board 810 adjacent to the heat sink 805.
[0061] FIGURE 10 illustrates processing circuitry of the integrated antenna array system 700 for wireless communi-
cation system according to this disclosure. The embodiment of the integrated antenna array system 700 shown in
FIGURE 10 is for illustration only. Other embodiments could be used without departing from the scope of the present
disclosure.
[0062] The integrated antenna array system 700 includes a baseband signal processing unit 710, multiple RF trans-
ceiver modules 720 and antenna elements 715. The baseband signal processing unit 710 includes a baseband processor
825. The baseband processor 825 can be digital signal processor (DSP), field-programmable gate array (FPGA), or
application-specific integrated circuit (ASIC). Signals transmitted by the baseband processor 825 are converted to
the analog signals by one or more digital-to-analog converters (DACs) 1005 the transmitted to the RF modules 720.
Signals received by the baseband signal processing unit 710 are converted to the digital signals by one or more analog-
to-digital (ADCs) 1010. The analog transmitted signals are processed through one or more transmit (TX) mixers 1015
and a front end module 1020 and transmitted via one or more of the antenna elements 715. Analog transmitted signals
are modulated to RF frequency by using the TX mixers 1015 with transmit (TX) local oscillator (LO) frequency. In the
receive paths, the RF signals are received via one or more antenna elements 715, processed by the front end module
1020 and are down-converted by one or more RF mixers 1025 into the intermediate frequency (IF) signals or baseband
signals.
[0063] FIGURE 11 illustrates a schematic diagram of a 232 RF transceiver module according to this disclosure. The
embodiment of the 232 RF transceiver module 720 shown in FIGURE 11 is for illustration only. Other embodiments
could be used without departing from the scope of the present disclosure.
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[0064] In the example shown in FIGURE 11, the 2x2 RF transceiver module 720 includes castellated vias 1105. The
RF transceiver module 720 can be mounted on copper pads on the mother board 810 and transfer RF, digital and DC
signals to and from the antenna 715 and baseband board 820. For example, the castellated vias 1105 are configured
to transfer RF, digital and DC signals from the RF module to the antenna elements 715 and baseband unit.
[0065] FIGURE 12 illustrates a 232 RF transceiver module 720 and motherboard 810 connection according to this
disclosure. The embodiment of the 232 RF transceiver module 720 shown in FIGURE 12 is for illustration only. Other
embodiments could be used without departing from the scope of the present disclosure.
[0066] In the example shown in FIGURE 12, 2x2 RF module 720 is connected to copper pads 1205 on the mother
board 810 with castellated vias 1105. The castellated vias 1105 is configured to carry RF, digital and DC signals from
the 2x2 RF module 720 to the antenna elements and baseband unit.
[0067] FIGURE 13 illustrates portions of the integrated antenna array system 700 mounted on a motherboard 810
according to this disclosure. The embodiment of the integrated antenna array system 700 mounted on a motherboard
810 shown in FIGURE 13 is for illustration only. Other embodiments could be used without departing from the scope of
the present disclosure.
[0068] In the schematic representation shown in FIGURE 13, the portions of the integrated antenna array system 700
mounted on motherboard 810 include RF modules 720 and baseband signal processing unit 710 with critical traces
shown. In certain embodiments, the baseband signal processing unit 710 is placed at the center of the mother board
810 and the active antenna array 705 elements are split into two sections 705a, 705b on either side of the baseband
signal processing unit 710. The configuration in which the baseband signal processing unit 710 is disposed at the center
and the active antenna array 705 split into two sections 705a, 705b leads to easy distribution of critical, phase or length
matched lines carrying RF signals, LO signals or calibration circuit related signals. This configuration is very crucial to
achieving easy phase and length matching of critical signal lines, such as the LO signals, RF signals, ADC and DAC
signals, as well as the calibration circuit lines. In addition, the larger than 1λ spacing between the two antenna array
sections 705a, 705b facilitates increased system capacity.
[0069] FIGURES 14A and 14B illustrate an antenna element according to this disclosure. FIGURE 14A illustrates a
plan view schematic representation of the antenna configuration having wideband dual-linear diagonally (645°) polarized
patch antenna with wideband performance including feeding technique and installation on mother board. FIGURE 14B
illustrates a cross-section view schematic representation of the antenna configuration. The embodiments of the antenna
element shown in FIGURES 14A and 14B are for illustration only. Other embodiments could be used without departing
from the scope of the present disclosure.
[0070] In certain embodiments, the antenna element 715 is a patch antenna element 1400 configured with dual-linear
diagonally polarized (645°) patch antenna elements 1405 with wideband performance (12% bandwidth). Separate ports
1410 are provided for each polarization. For example, a first feed line 1410a feeds a first patch antenna element 1405a
and a second feed line 1410b feeds a second patch antenna element 1405b. The patch antenna 1400 is fed by a slot
opening 1415 on an antenna ground plane 1420, which comprises a top layer of a multilayer mother board 810. The
patch antenna 1400 includes a coupling slot 1425 in the antenna feed board 1430 and disposed to be adjacent to the
slop opening 1415. A 2x2 (2TX and 2RX) RF transceiver module 720 is disposed under each patch antenna element
1400 on the bottom side of the mother board 810 and is electrically connected to the respective patch antenna element
1400. Routing from the baseband module to the RF transceiver modules 720 is easily accomplished as a result of the
proximity of the baseband board 820, which includes or is otherwise coupled to the baseband processor 825, is located
at a center of the antenna array, that is the integrated antenna array system 700.
[0071] FIGURE 15 illustrates S-parameters and envelop correlation curves for the dual polarized wideband antenna
element according to this disclosure. The graph 1500 shown in FIGURE 15 is for illustration only and representative of
an illustrative example only. In one example, the integrated antenna array system 700 includes a spacing of d1=0.75λ,
d2=1λ, and d3=2.5λ that is chosen so as to maximize system capacity and minimize coupling and envelop correlation
between antenna elements. Other values generating other S-parameters and envelop correlation curves could be used
without departing from the scope of the present disclosure.
[0072] FIGURES 16A, 16B and 16C illustrate a simulated antenna element gain pattern and corresponding antenna
array configuration according to this disclosure. The graphs 1600, 1605 shown in FIGURES 16A and 16C are for
illustration only and representative of one example only. As seen, the integrated antenna array system 700 is designed
to have equal beam-widths in elevation and azimuth. The integrated antenna array system 700 configuration 1610 also
is shown in FIGURE 16B. To accommodate the baseband signal processing unit 710 at the center of integrated antenna
array system 700 is divided into two sections 705a, 705b, placed above and below the baseband unit, respectively. This
arrangement provides the benefit of symmetric trance routing of the critical digital and RF signals and can be particularly
useful as the antenna number increases. Moreover, the splitting of the antenna array into two sections 705a, 705b
creates a larger than 1λ separation, such as in the particular example d3 = 2.5λ, between the antenna elements and
thus narrower beam-widths in the elevation domain, as seen in the antenna array beam pattern 1605. The 2.5λ spacing
provided for higher system capacity, compared to a uniformly spaced antenna array, despite the occurrence of side lobes.
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System level (geometry-based) simulation assumptions

[0073] TABLE 1 lists assumptions used in system-level simulation.

[0074] TABLE 2 summarizes three antenna and RF configurations investigated. All three configurations have thirty-
two antennas. Configuration-1 and configuration-2 are typical uniform rectangular array, with configuration-2 being a
90-degree rotated version of configuration 1, while configuration-3 is a non-uniform rectangular array with a gap between
two groups.
[0075] FIGURE 17 illustrates an array configuration-3 of the integrated antenna array system according to this disclo-
sure. The embodiment of configuration-3 1700 shown in FIGURE 17 is for illustration only. Other embodiments could
be used without departing from the scope of the present disclosure.
[0076] In configuration-3, there are eight columns 1705 of antennas 710 placed in horizontal and four rows 1717 of
antennas 710 placed in vertical, where each column 1705 consists of four antenna elements and each row 1710 consists
of eight antenna elements. The first and second rows are formed as one group 1715 and the third and fourth rows 1720
are formed as another group. The first group 1715 and second group 1720 are placed 2.5 wave-length away (non-
uniform placement.

System level (geometry-based) simulation results

[0077] TABLE 3 summarizes simulation results for three antenna and RF configurations, comparing against a baseline
method (clustered small cell solution). Configuration-2 consistently attains the best performance among the three con-
figurations: 53.6% gain in 5 percentile (% tile) throughput, 57.1% gain in 50% tile (median) throughput and 74.4% gain
in 95% tile. Results show that having a non-uniform rectangular array as configuration-2, that is, a separation placed
among two or more antenna groups is superior to other configurations.

TABLE 1: System level simulation assumptions

Channel Model 3DUMa

Frequency 10MHz @ 3.5GHz

Small cell dropping 4 small cells randomly dropped with each cluster

UE dropping 80% indoor, 20% outdoor, uniformly dropped across 8 floors

eNB transmit power 30dBm

Antenna element pattern HPBW: 65°@ azimuth, 40°@ elevation ; Gain: 10dBi

Antenna placement 12° electric down-tilting, height 10m

Scheduling Full bandwidth for all UEs

Precoding Conjugate beamforming

UE receiver 2 antennas with MMSE IRC

Channel state information (CSI) Ideal CSI

TABLE 2: Summary of antenna and RF configurations investigated

Array configuration index Array configuration (H-spacing (d1), center gap(d3), V-spacing 
(d2))

Form factor (H x 
V)

1 8H x 4V (0.5,0.5,0.5) 0.34 m x 0.17 m

2 4H x 8V (0.5, 0.5, 0.5) 0.17mx 0.34m

3 8H x 4V (0.5,2.5,0.5) 0.34 m x 0.38 m

TABLE 3: Summary of simulation results

Configuration 5%ile throughput 
(bps/Hz)

50%ile throughput 
(bps/Hz)

95%ile throughput 
(bps/Hz)

Cluster sum 
rate (bps/Hz)

1 0.1(44.9%) 0.386(7.5%) 2.152(74.1%) 3.332(35%)
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9.5.3 Link level simulation assumptions

[0078] TABLE 4 lists assumptions used in link level simulation. The simulations are conducted over four hundred
random realizations of the channel, each realization with a duration of four hundred sub-frames.

9.5.4 Link level simulation results

[0079] FIGURE 18 illustrates a link level simulation results with the proposed RF and antenna architecture according
to this disclosure. The illustration of the link level simulation results is for example purposes only and other simulations
and results could be achieved.
[0080] Two precoding methods are evaluated: conjugate beamforming (CB) and signal-to-leakage ratio minimization
(SLNR). Using SLNR precoding, the proposed architecture for the integrated antenna array system 700 attains 27 bps/Hz
at 15dB, which is almost the maximum sum rate can be attained by 8 UE MU-MIMO with rank 1 transmission (that is
29.6 bps/Hz), and attains 7.3x gain compared with SU rank 1 and 3.6 x gain compared with SU with rank 2.
[0081] FIGURE 19 illustrates sum rate distribution of SLNR precoding according to this disclosure. The illustration of
the sum rate distribution of SLNR results is for example purposes only and other results could be achieved.
[0082] The results are summarized in TABLE 5, from which it is apparent that at high SNR, the median of sum-rate
is 28bps/Hz which is almost the same as the optimal sum-rate of 29bps/Hz.

[0083] FIGURE 20 illustrates SINR distribution analysis according to this disclosure. The illustration of the SINR
distribution analysis results is for example purposes only and other results could be achieved. It is apparent that with
SLNR, the proposed architecture maintains high SINR for all UEs, ranging roughly from 15 to 29 dB.
[0084] In integrated large antenna array system for wireless communication system, the form factor, array performance,
hardware layout and heat dissipation are the four main challenges.
[0085] In certain embodiments, antenna elements are placed with certain distance in order to minimize the coupling
of the antenna elements, which can cause interference among different antenna elements. In addition, the form factor

(continued)

Configuration 5%ile throughput 
(bps/Hz)

50%ile throughput 
(bps/Hz)

95%ile throughput 
(bps/Hz)

Cluster sum 
rate (bps/Hz)

2 0.083(20%) 0.272(-24.2%) 1.624(31.3%) 2.423(-1.8%)

3 0.106(53.6%) 0.564(57.1%) 2.153(74.1%) 4.086(65.5%)

Baseline (small cell 
clusters)

0.069 0.359 1.236 2.468

TABLE 4: Summary of link level simulation assumptions

Channel Model 3D ITU, NLoS

Frequency 10MHz @ 3.5GHz

UE placement Random dropping

Scheduling Full bandwidth for all UEs

Precoding SLNR or conjugate beamforming

UE receiver 2 antennas with MMSE IRC

Channel state information (CSI) Ideal CSI

CQI MU CQI prediction

Link adaptation Yes

TABLE 5 Median sum-rate of SLNR under different SNR

SNR (dB) -10 0 15

Sum rate (SLNR) Bps/Hz 4.7 13 28
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of the integrated unit, in terms of width, length and depth, is small enough so the deployment can be flexible, for example
on the lamp poles, ceiling, side wall of the building and so forth. In many deployment scenarios, the size and weight of
the unit are the major considerations. Therefore it is important to reduce the form factor of the unit.
[0086] Secondly a major factor to determine communication system performance in terms of capacity for the antenna
array system is the aperture size. The aperture size in the elevation domain dominates the system level performance.
The system level design tradeoff includes increasing the elevation domain aperture without sacrificing the overall unit
size. By separating the antenna arrays into two sections, a space is left between the two sections; therefore the aperture
size is increased in elevation domain. Meanwhile, the space in the middle is filed by the baseband module.
[0087] Thirdly, in large scale 2D active antenna array hardware layout, the routing and distribution of the high frequency
and wide bandwidth analog signals or high speed digital signals are a major challenge. The signals could have cross-
talk on the PCB board that causes interference. Also the data path signals need to be length matched in order to achieve
uniform signal propagation across the entire unit. A symmetric and centralized baseband module, as illustrated in em-
bodiments of the present disclosure, makes it easier to route the signals in a symmetrical way, therefore reducing the
overall length of the traces and also the cross-talk among the traces.
[0088] Lastly, the heat dissipation of the large scale 2D active antenna array system is critical to achieve good per-
formance of the system. Normally for outdoor deployment, the unit cannot have the cooling fan mainly due to the reliability
reasons (no moving parts). The integrated unit has many active components, including PA, transceivers, baseband unit
and power supplies. In embodiments of the present disclosure, these units dissipate the heat using the heat sink to keep
the junction temperature below the breakdown threshold. To maximize the usage of the heat sink, the active components
are evenly distributed.
[0089] In the conventional 1D active antenna array system, because the number of the antennas is small, the PAs
are configured to output at relatively high power. The heat generated by PAs dominates the overall heat generated by
the unit. In large 2D antenna array system however, the number of the transceiver chains is large. Therefore each
individual PA can have relatively lower output power. Alternatively, the baseband unit needs to consume higher per-
centage of the power due to extensive signal processing of multiple channels.
[0090] By having the centralized baseband unit, the baseband processor can dissipate the heat evenly across the
entire heat sink. This will in turn reduce the thickness of the heat sink because larger area of the heat sink is available
for heat dissipation. To ensure easy physical access to the baseband unit as well as adequate heat dissipation, the
baseband unit is installed on top of the mother board towards the front (open) face of the unit.

Clauses:

[0091]

1. An antenna array module comprising:

a baseband unit configured to perform baseband functions; and
a plurality of antenna elements disposed in groups, each of the groups comprising an equal number of antenna
elements,
wherein the groups are disposed symmetrically around the baseband unit.

2. The antenna array module as set forth in Clause 1, wherein the plurality of antenna groups in each section are
placed with a first equal spacing in one dimension and a second equal spacing in another dimension.
3. The antenna array module as set forth in Clause 1, wherein the at least one antenna element are dual-polarized.
4. The antenna array module as set forth in Clause 1, wherein each of the plurality of antenna elements is coupled
to and fed by a respective radio frequency (RF) transceiver unit.
5. The antenna array module as set forth in Clause 1, wherein the baseband unit is disposed between the two
sections or between two of the groups.
6. The antenna array module as set forth in Clause 1, further comprising:
at least one analog-to-digital converter and at least one digital-to-analog converter coupled to the baseband unit.
7. The antenna array module as set forth in Clause 1, wherein each of the plurality of antenna elements is coupled
to the baseband unit through a respective trace, and
wherein a length of traces between the two antenna sections and the baseband unit are matched.
8. The antenna array module as set forth in Clause 7, further comprising:

a plurality of data converters,
wherein the baseband unit and the data converters are configured to transmit downlink signals and receive
uplink signals through matched-length traces to and from the RF transceivers.
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9. The antenna array module as set forth in Clause 7 wherein each of the plurality of antenna elements is connected
to a phase shifter, and
wherein a group of phase shifters is coupled to and fed by a respective radio frequency (RF) transceiver unit.
10. The antenna array module as set forth in Clause 1, further comprising:
a calibration unit disposed between the two sections.
11. The antenna array module as set forth in Clause 10, wherein each of the plurality of antenna elements is coupled
to and fed by a respective RF transceiver unit,
wherein each of the RF transceiver units comprises a transmitter and a receiver, and
wherein the calibration unit is configured to measure at least one signal at the transmitters of the two sections or at
least one signal at the receivers of the two sections.
12. The antenna array module as set forth in Clause 11, wherein the calibration unit is configured to measure phase
variation at the transmitters of the two sections or phase variation at the receivers of the two sections.
13. The antenna array module as set forth in Clause 1, further comprising:
a local oscillator disposed between two sections of antenna array and is distributed to the two sections by matched
length traces.
14. The antenna array module as set forth in Clause 1, further comprising:
a motherboard configured to host the plurality of antenna elements and the baseband unit.
15. The antenna array module as set forth in Clause 14, wherein the mother board hosts a plurality of RF transceiver
units that respectively feeds the plurality of antenna elements, and
wherein each of the plurality of RF transceiver units is disposed directly under a respective antenna element.

[0092] Although the present disclosure has been described with an exemplary embodiment, various changes and
modifications may be suggested to one skilled in the art. It is intended that the present disclosure encompass such
changes and modifications as fall within the scope of the appended claims.

Claims

1. An integrated antenna array system (700) comprising:

a baseband unit (710) configured to perform baseband functions, the baseband unit (710) comprising a baseband
board (820) and a baseband processor (825);
a plurality of antenna elements (715) disposed in groups, each of the groups comprising an equal number of
antenna elements;
a first mother board (810a) and a second mother board (810b) configured to host the baseband unit (710) and
the plurality of antenna elements (715);
a plurality of radio frequency (RF) transceiver units (720); and
a heat sink (805) configured to provide structure protection and heat dissipation.

2. The integrated antenna array system (700) of claim 1,
wherein each of the plurality of antenna elements (715) is coupled to and fed by each of the plurality of RF transceiver
units (720).

3. The integrated antenna array system (700) of claim 1,
wherein the heat sink surrounds the baseband unit (710), the plurality of antenna elements (715), and the plurality
of RF transceiver units (720).

4. The integrated antenna array system (700) of claim 1,
wherein the baseband processor (825) is mounted adjacent to the heat sink (805).

5. The integrated antenna array system (700) of claim 1,
wherein the plurality of antenna elements (715) are mounted at a top of the first mother board (810a) and at a top
of the second mother board (810b).

6. The integrated antenna array system (700) of claim 1,
wherein the plurality of the RF transceiver units (720) are mounted at a bottom of the first mother board (810a) and
at a bottom of the second mother board (810b).
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7. The integrated antenna array system (700) of claim 1,
wherein the baseband board (820) is connected to the first mother board (810a) through a first connector (830) and
connected to the second mother board (810b) through a second connector (830).

8. The integrated antenna array system (700) of claim 1,
wherein the baseband board (820) is disposed at a top of the baseband processor (825).

9. The integrated antenna array system (700) of claim 1,
wherein each of the plurality of antenna elements (715) are separated by an equal distance.

10. The integrated antenna array system (700) of claim 1,
wherein the plurality of antenna elements (715) are dual-polarized.

11. The integrated antenna array system (700) of claim 1,
wherein each of the plurality of antenna elements (715) are separated by an equal distance.

12. The integrated antenna array system (700) of claim 1,
wherein the groups are disposed in two sections (705a, 705b) on the first mother board (810a) and the second
mother board (810b), respectively.

13. The integrated antenna array system (700) of claim 12,
wherein a distance between the two sections (705a, 705b) is larger than one wavelength.

14. The integrated antenna array system (700) of claim 12,
wherein the groups in each of the two sections (705a, 705b) are placed with a first equal spacing in one dimension
and a second equal spacing in another dimension.

15. The integrated antenna array system (700) of claim 12,
wherein the baseband unit (710) is disposed between the two sections (705a, 705b).
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