wO 2016/185261 A1 [N N0F 000 000 0O

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2016/185261 Al

(51

eay)

24 November 2016 (24.11.2016) WIPO | PCT
International Patent Classification:
HO04W 56/00 (2009.01)
International Application Number:
PCT/IB2015/059644

(22)

(25)
(26)
(30)

1

(72

31

International Filing Date:
15 December 2015 (15.12.2015)

Filing Language: English
Publication Language: English
Priority Data:

62/164,986 21 May 2015 (21.05.2015) US

Applicant: ANDREW WIRELESS SYSTEMS GMBH
[DE/DE]; Industriering 10, 86675 Buchdort (DE).

Inventor: HANSON, Van E.; 106 Brook Ridge Place,
Forest, VA 24551 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: SYNCHRONIZING MULTIPLE-INPUT/MULTIPLE-OUTPUT SIGNALS IN TELECOMMUNICATIONS SYSTEMS

Head-end Unit
106

Processing
Clrcuits
202

dih y o1

Communication
Media
210

Remote Unit

108a N/
Processing
Cirguits \

212
M FH dtr

d2

Processing
Davice
206

f—— ry

Bass
Station
102

Chok
218

Remote Unit

1086

Processing :
Device M Csk,}g’(
316 '
& \
Cornmunication 3
Processing Media Processing .
Cireuits 310 Sircuits /
302 21z
dih PHY o3
EX 314 5
4 o

(57) Abstract: The present disclosure describes devices, systems, and methods for synchronizing multiple-input/multiple-output
("MIMQ") signals or other signals in telecommunication systems. Some aspects may involve transmitting signals between a head-
end unit and remote units of a telecommunication system. A tirst delay of a signal path between the head-end unit and a first remote
unit of the remote units may be determined to be greater than each delay of signal paths between the head-end unit and other remote
units. Based on the first delay, the telecommunication system may be configured to delay transmission of additional signals such that
the additional signals are simultaneously transmitted to another unit by either the head-end unit or the remote units.
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SYNCHRONIZING MULTIPLE-INPUT/MULTIPLE-OUTPUT SIGNALS IN
TELECOMMUNICATION SYSTEMS

Cross-Reference to Related Applications

[0001] A priority claim is hereby made to U.S. Provisional Application Serial No.
62/164,986, filed May 21, 2015 and titled “Synchronizing Multiple-Input/Multiple-Output
Signals in Distributed Antenna Systems,” the contents of which are incorporated herein by
reference.

Technical Field

[0002] The present disclosure relates generally to telecommunications and, more
particularly (although not necessarily exclusively), to synchronizing multiple-input/multiple-
output signals in distributed antenna systems.
Background

[0003] Examples of a telecommunication system may include a distributed antenna
system (“DAS”), a repeater, or a radio access network. The telecommunication system can
be communicatively coupled to base stations, such as (but not limited to) an eNodeB that is
compliant with a Long Term Evolution (“LTE”) standard.

[0004] The telecommunication system can be wused to provide wireless
communication coverage in a variety of environments, particularly in large structures such as
office buildings, convention halls, airports, stadiums, and the like. A DAS, for example, can
include one or more head-end units (e.g., master units) that are communicatively coupled to
one or more base stations. The DAS can also include multiple remote units that are
communicatively coupled to a head-end unit. The remote units, each of which can include
one or more transceivers and antennas, can be distributed across a coverage area. The remote

units can transmit downlink signals from a base station to mobile phones or other terminal
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devices in coverage areas serviced by the remote units. Remote units can also receive uplink
signals from terminal devices and transmit the uplink signals to the head-end unit.

Summary
[0005] The present disclosure describes devices, systems, and methods for
synchronizing multiple-input/multiple-output (“MIMO”) signals or other signals in
telecommunication systems.
[0006] In some aspects, a method is provided. The method can involve transmitting
signals between a head-end unit and remote units of a telecommunication system. The
method can further involve determining that a first delay of a signal path between the head-
end unit and a first remote unit of the remote units is greater than each delay of signal paths
between the head-end unit and other remote units. The method can further involve
configuring, based on the first delay, the telecommunication system to delay transmission of
additional signals such that the additional signals are simultaneously transmitted to another
unit by either the head-end unit or the remote units.
[0007] In other aspects, a telecommunication system is provided. The
telecommunication system can include remote units, a head-end unit, and a processing
device. The remote units may transmit downlink signals to terminal devices as well as
receive uplink signals from the terminal devices. The head-end unit can distribute the
downlink signals to the remote units as well as receive the uplink signals from the remote
units. The processing device may determine that a first delay of a signal path between the
head-end unit and a remote unit is greater than each delay of the other signal paths between
the head-end unit and other remote units. The processing device may also instruct, based on
the first delay, the telecommunication system to delay the transmission of additional MIMO
signals such that the additional MIMO signals are simultaneously transmitted to another unit

by either the head-end unit or remote units.
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[0008] In other aspects, a non-transitory computer-readable medium is provided
having instructions stored thereon that are executable by a processing device to perform
operations. The operations may include determining that a first delay of a signal path
between a head-end unit in a telecommunication system and a first remote unit is greater than
each of the other delays of other signal paths between the head-end unit and other remote
units. The determination may be based on time stamps included in Ethernet-framed data
transmitted between the head-end unit and remote units. The operation may further include
configuring, based on the first delay, the telecommunication system to delay transmission of
additional Ethernet-framed data representing a set of MIMO signals such that the additional
Ethernet-framed data are simultaneously transmitted to another device by either the head-end
unit or remote units.

[0009] The details of one or more aspects and examples are set forth in the
accompanying drawings and the description below. Other features and aspects will become
apparent from the description, the drawings, and the claims.

Brief Description of the Drawings

[0010] FIG. 1 shows a block diagram of an example of a telecommunication system
that includes a distributed antenna system (“DAS”) communicatively coupled to a base
station according to one aspect of the present disclosure.

[0011] FIG. 2 shows a block diagram of an example of downlink delays in a DAS
according to one aspect of the present disclosure.

[0012] FIG. 3 shows a block diagram of an example of downlink delays in a DAS that
can be used to synchronize transmissions according to one aspect of the present disclosure.
[0013] FIG. 4 is a block diagram of an example of a telecommunication unit that can
perform a synchronization process on a telecommunication system according to one aspect of

the present disclosure.
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[0014] FIG. 5 shows a flow chart of a process for synchronizing transmissions in a
DAS based on a greatest downlink delay according to one aspect of the present disclosure.
[0015] FIG. 6 shows a flow chart of a process for identifying a greatest downlink
delay according to one aspect of the present disclosure.

Detailed Description

[0016] Certain aspects and features of the present disclosure relate to synchronizing
signals in a telecommunication system. In some examples, the delay associated with each
signal path between a head-end unit and each remote unit is determined. The
telecommunication system can delay the transmissions of the signals transmitted on signal
paths with less delay than the transmission with the greatest delay to equalize the delay across
signal paths and synchronize the transmission of the signals from the remote units.

[0017] A telecommunication system can be any type of system for extending wireless
coverage. Examples of a telecommunication system include a distributed antenna system
(“DAS”), a repeater, or a radio access network. In some aspects, a base station that is
included in or communicatively coupled to a telecommunication system can configure
downlink signals to have a certain delay. A head-end unit can be communicatively coupled
to a base station from which the downlink signals are received.

[0018] Telecommunication systems that include multiple-input/multiple-output
(“MIMO”) capabilities can use multiple antennas to transmit data to a terminal device (e.g., a
mobile communication device) and can use multiple antennas to receive data from the
terminal device. Each signal in a set of MIMO signals may be transmitted from a given
antenna element simultaneously (or nearly simultaneously) with the other transmit signals in
the set of MIMO signals being transmitted from the respective antenna elements. Some

transmission modes may specify that a difference in transmission time between signals
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transmitted at different antenna elements should be less than a certain amount of time, such as
65 nanoseconds.

[0019] Simultaneously transmitting a set of MIMO signals may present difficulties.
For example, a head-end unit may receive a set of MIMO signals from a base station. Each
signal in the MIMO set may be provided to a different remote unit of the telecommunication
system for transmission to a terminal device that receives the MIMO set. Differences in the
downlink signal paths between the head-end unit and the remote units may cause different
downlink delays. For example, a first MIMO signal provided to a first remote unit for
transmission may be delayed by a different amount than a second MIMO signal provided to a
second remote unit for transmission. The difference in downlink delays may result from
different propagation delays in communication media that communicatively couple the
remote units to the head-end unit. The difference in downlink delays may also result from
processing performed by different components of different downlink paths from the head-end
unit to the remote units, or from other reasons.

[0020] A telecommunication system according to some examples can synchronize the
transmission of signals in a MIMO set. A delay can be determined for each signal path
between the input of the head-end unit and the transmit antennas at each remote unit. A
longest delay can be identified from these delays, and signals traversing each signal path can
be delayed by the difference between the longest delay and the delay associated with each
signal path. In this manner, a telecommunication system can be configured, based on one or
more identified delays of certain signals, to delay transmission of certain other signals such
that the various signals are simultaneously transmitted from one or more units (e.g,
components or devices such as a head-end unit, a remote unit, or a terminal device) to one or
more other units unit (e.g., components or devices such as a head-end unit, a remote unit, or a

terminal device) in a downlink direction, an uplink direction, or both.
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[0021] In some aspects, by delaying the signals traversing the signal paths so that
these signals have the same or similar delay as signals traversing the signal path with the
longest delay, downlink MIMO signals can be synchronized such that they are transmitted by
different remote units simultaneously. For example, downlink MIMO signals can be
synchronized for simultaneous transmission to one or more terminal devices.

[0022] FIG. 1 depicts an example of a telecommunication system 100. The
telecommunication system 100 depicted in FIG. 1 includes a DAS 104 communicatively
coupled to a base station 102 according to some aspects. Although a DAS 104 is depicted in
FIG. 1 as an example, other types of telecommunication systems, such as a repeater or a radio
access network, can be used. The base station 102 can be used by one or more
telecommunication providers. The DAS 104 includes a head-end unit 106 communicatively
coupled to the base station 102. Although one head-end unit and one base station are
depicted, any number of head-end units and base stations may be included.

[0023] The DAS 104 also includes four spatially separated remote units 108a-d that
are communicatively coupled to the head-end unit 106. An expansion unit 112 may be
included to extend to remote unit 108c and remote unit 108d. Although the DAS 104
includes four remote units 108a-d and one expansion unit 112, any number of remote units
and expansion units may be included. The remote units 108a-d can be transceiving devices
that include, or are communicatively coupled to, one or more antennas 110. A non-limiting
example of a remote unit 108a-d is a universal access point (“UAP”). The remote units 108a-
d can provide signal coverage in one or more coverage zones of the DAS. Different sets of
remote units 108a-d can service different terminal devices 114 in coverage zones served by
the DAS 104.

[0024] The base station 102 (e.g., an eNodeB of a Long-Term Evolution “LTE”

telecommunication system) can use the DAS 104 to communicate with the terminal devices
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114. The head-end unit 106 can receive downlink signals from the base station 102 and
distribute downlink signals in analog or digital format to remote units 108a-d for transmission
to terminal devices 114 within coverage zones serviced by the remote units 108a-d.

[0025] Devices in the DAS 104 can be communicatively coupled via digital links
using one or more suitable protocols. For example, the DAS 104 can include Ethernet links
between the head end unit 106 and one or more remote units 108a-d for sending data in
Ethernet frames. The Ethernet links used for transmitting this Ethernet-framed data can
include wireless connections, wired connections, or a combination of wired and wireless
connections.

[0026] In some aspects, each remote unit 108a-d may be communicatively coupled to
the head-end unit 106 via a respective Ethernet link. The DAS 104 can use IEEE 1588 (or
another protocol) to set time references in the remote units 108a-d relative to the head-end
unit. TEEE 1588 can provide time stamps that identify transmission times, receipt times, or
some combination thereof for Ethernet-framed data.

[0027] Transmission paths exist between head-end unit 106 and each remote unit
108a-d. [Each transmission path may cause different delays on signals traversing the
transmission paths. For example, a delay may exist due to the communication medium
between the devices or processing circuits within each device. A combination of multiple
delays along a transmission path can be referred to as a total delay. In some examples, the
total delay may be different for uplink signals and downlink signals along the same
transmission path. In other examples, the total downlink delay and total uplink delay may be
the same.

[0028] In some aspects, an appropriate amount of delay can be added to each delay
path to equalize the total delay along each transmission path. Equalizing the total delay can

allow the signals traversing different signal paths to be transmitted simultaneously from



WO 2016/185261 PCT/IB2015/059644
8

multiple receiving devices. For example, a suitable processing device (e.g., a processing
device in the head-end unit 106) can identify the longest total downlink delay from the set of
total downlink delays. The head-end unit 106, expansion unit 112, one or more of remote
unit 108a-d, or some combination thereof can delay downlink signals that traverse some
downlink paths such that the signals are transmitted by the remote units simultaneously. For
example, a programmable delay for a given downlink path can be implemented by using a
buffer or other suitable memory device to pause or otherwise delay transmission of one or
more data packets through the DAS 104. The additional delay to these downlink signals can
equalize the downlink delays across multiple downlink paths used to transmit signals in a
MIMO set. As a result, MIMO signals transmitted to multiple remote units 108a-d may be
transmitted simultaneously by each remote unit 108a-d to, for example, one or more terminal
devices.

[0029] FIG. 2 depicts an example of downlink delays in downlink transmissions with
respect to the head-end unit 106 and remote unit 108a of FIG. 1. A processing device 206 in
the head-end unit 106 can set a clock 208 in the head-end unit 106. The clock 208 may be a
real-time clock such that it is based on time rather than a counter based on a processor’s clock
speed. The clock 208 may be set using, for example, an external master clock source using
IEEE 1588, a GPS receiver, a time reference received from the connected base station 102,
etc. A processing device 216 in the remote unit 108a can set a clock 218 in the remote unit
108a. The clock 218 may also be a real-time clock and may be set in the same ways as the
clock 208. The clock 218 can also be set relative to clock 318. For example, the processing
device 216 can set the clock 218 at the remote unit 108a using IEEE 1588. Using IEEE 1588
can allow multiple networked devices to synchronize the associated clocks to one

“grandmaster” time reference.
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[0030] The processing device 206 can configure a physical layer device 204 in the
head-end unit 106 to communicate signals using the clock 208 as a time reference. The
processing device 216 can configure a physical layer device 214 in the remote unit 108a to
communicate signals using the clock 318 as a time reference. An example of a physical layer
device is an Ethernet transceiver. The signals may be communicated across a communication
media 210 that introduces a propagation delay.

[0031] To determine the propagation delay, the head-end unit 106 can transmit a
message to remote unit 108a. The message can instruct the remote unit 108a to send a
responsive message at time tl. The head-end unit 106 can record the time t2 at which the
message is received. The downlink propagation delay d1 (which may be equal to the uplink
propagation delay d2) can be the difference between the time t1 at which the remote unit
108a transmits the responsive message and the time t2 at which the head-end unit 106
receives the responsive message.

[0032] The downlink delay may also include processing delays resulting from signal
processing circuits 202, 212 in downlink paths. The processing delays may occur in the
head-end unit 106 in signal processing circuits 202 or in the remote unit 108a in the signal
processing circuits 212. Examples of delays associated with signal processing circuits 202,
212 include a downlink remote processing delay dlr (associated with signal processing
circuits 212), a downlink head-end processing delay d1h (associated with signal processing
circuits 202), an uplink remote processing delay d2r (associated with signal processing
circuits 212), and an uplink head-end processing delay d2h (associated with signal processing
circuits 202).

[0033] One or more of delays d1r, d1h, d2r, and d2h can be known or approximated
by knowledge of the circuits used to process the signals. For example, a processing device

may identify a delay associated with one or more operations performed in the signal path.
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These operations can include, for example, down-converting an RF signal received from base
station 102 to an intermediate frequency, digitizing the received signal, filtering the received
signal, etc. The processing delay can be identified by pre-installation testing, by a testing
process performed by one or more processing devices included in or communicatively
coupled to the installed DAS 104, or some combination thereof. Information about
processing delays can be stored in a computer-readable medium that is accessible to a
processing device involved in the MIMO synchronization process. The delay information
can be used by the processing device to determine a total downlink delay for a given
downlink path.

[0034] The head-end unit 106 can calculate the total downlink delay of a downlink
signal (e.g., a MIMO signal) from the input of a head-end unit 106 to a transmit antenna 110
at each remote unit 108a-d. For example, the total downlink delay for the remote unit 108a
can be the sum of propagation delay d1, downlink remote processing delay d1r, and downlink
head-end processing delay dlh. The longest total downlink delay from the set of total
downlink delays can be used to delay the transmission of signals in the same MIMO set such
that all signals in the MIMO set are transmitted simultaneously.

[0035] FIG. 3 depicts a more detailed block diagram of some of the devices in
telecommunication system 100 from FIG. 1 and FIG. 2. Specifically, FIG. 3 depicts the
head-end unit 106 communicatively coupled to two remote units 108a-b and corresponding
transmission paths between the units.

[0036] The remote unit 108b includes a processing device 316 and a clock 318 that
may be a real-time clock. The processing device 206 can configure a physical layer device
304 in the head-end unit 106 to communicate signals to remote unit 108b using the clock 208
as a time reference. The processing device 316 can configure a physical layer device 314 in

the remote unit 108b to communicate signals using the clock 318 as a time reference. The
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signals may be communicated across a communication media 310 that introduces a
propagation delay.

[0037] The downlink delay (“draul”) for the downlink path between the input of the
head-end unit 106 and the transmit antenna 110a can be calculated as draul = d1r + d1h +d1.
The downlink delay (“drau3”) for the downlink path between the input of the head-end unit
106 and the antenna 110b can be calculated as drau3 = d3r + d3h +d3. If draul is greater
than drau3, the programmable downlink delay for the path to remote unit 108b can be set to
draul - drau3. If draul is less than drau4, the programmable delay for the path to remote unit
108a can be set to drau3 - draul. A complementary procedure can be performed in the uplink
direction.

[0038] FIG. 4 is a block diagram depicting an example of a telecommunication unit
400 that can perform a synchronization process on a telecommunication system. In some
examples, the telecommunication unit 400 can be included in one or more of a head-end unit,
an expansion unit, a remote unit, a DAS controller, etc. The telecommunication unit 400 can
include a processing device 402 and a memory 404. The processing device 402 can be
communicatively coupled to the memory 404. The processing device 402 can include any
number of processors configured for executing program code stored in the memory 404.
Examples of the processing device 402 include a microprocessor, an application-specific
integrated circuit (“ASIC”), a field-programmable gate array (“FPGA”), or other suitable
processor. The memory 404 can include, for example, a non-transitory computer-readable
medium.

[0039] Program code stored in the memory 404 can include a synchronization engine
406 that can be executed by the processing device 402. The synchronization engine 406 can

include one or more algorithms for synchronizing MIMO transmissions.
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[0040] FIG. 5 depicts a process 500 for synchronizing downlink signals in a
telecommunication system. The process of FIG. 5 is described with reference to transmission
paths between a head-end unit and remote units, but other implementations are possible.
Furthermore, FIG. 5 depicts a process 500 related to downlink signals along downlink paths,
but the process may be applied to uplink signals along uplink paths.

[0041] In block 502, a head-end unit transmits downlink signals to remote units.
Although block 502 describes a single head-end unit transmitting downlink signals to remote
units, some examples may include any number of head-end units, remote units, and
expansion units transmitting signals in the uplink or downlink direction to any number of
other head-end units, remote units, and expansion units. In some aspects, the downlink
signals may include data in Ethernet frames representing signals from a base station or other
signal source. In some aspects, the downlink signals may be MIMO signals. The downlink
signals may be transmitted over any suitable communication media (e.g., copper wire, optical
fiber, a wireless link, etc.).

[0042] In block 504, a head-end unit determines the greatest downlink delay among
the remote units. In some examples, the greatest downlink delay can be determined by
comparing the delay on downlink signals among different signal paths. In other examples,
the greatest downlink delay may be approximated by comparing the delay on uplink signals
among different signal paths. In some aspects, the greatest downlink delay may include
delays from the propagation delay as well as the processing circuits in either or both of the
head-end unit and remote unit. This may be referred to as the greatest total downlink delay.
An example of a process for determining the greatest downlink delay is described in FIG. 6.
[0043] FIG. 6 depicts a process 600 for determining the downlink path with the
greatest downlink delay. For illustrative purposes, the process 600 is described with

reference to the telecommunication unit 400 of FIG. 4, which may be in a head-end unit, a



WO 2016/185261 PCT/IB2015/059644
13

remote unit, or any combination of suitable devices in a telecommunication system. But
other implementations are possible. Furthermore, although FIG. 6 depicts process 600
related to downlink signals along downlink paths, the process 600 may be applied to uplink
signals along uplink paths as well.

[0044] In block 602, the processing device 402 sets a real-time clock in the head-end
unit and remote units. The real-time clocks may be set using an IEEE 1588 protocol, GPS
receiver, a time reference received from a connected base station, or another device for
synchronizing clocks between networked devices. In alternative examples, the real-time
clock may be replaced with a counter.

[0045] In block 604, the processing device 402 instructs the remote unit to transmit a
message to the head-end unit at a time tl. In some aspects, the processing device may be
included in or communicatively coupled to the remote unit and may control the transmission
of the message to the head-end unit. In other aspects, the processing device 402 may be
included in or communicatively coupled to the head-end unit, or any other unit, and may
transmit a signal to the remote unit with instructions to transmit the message. In some
aspects, the instructions provided by the processing device 402 may not include the time t1 at
which to transmit the message. The instructions may request that the remote unit transmit a
message and the transmission time to the processing device 402.

[0046] In block 606, the processing device 402 identifies time t2 when the message is
received by the head-end unit. In some aspects, the processing device 402 may identify time
t2 by being included in the head-end unit and receiving the message directly from the remote
unit. In other aspects, the processing device may communicate with the head-end unit and
instruct the head-end unit to report the time t2 at which the head-end unit receives the

message. In other aspects, the head-end unit may be instructed by the processing device 402
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to transmit a signal to the remote unit at time t1. The time t2 may be identified as the time
the remote unit receives the signal.

[0047] In block 608, the processing device 402 determines the delay of the signal path
between head-end unit and the remote unit by taking the difference between t1 and t2. The
processing device 402 may also determine the delay by combining the difference between tl
and t2 with known delays associated with processing circuits in the head-end unit, remote
unit, or both.

[0048] In block 610, the processing device 402 determines if a delay has been
identified for all remote units. If not, blocks 604, 606, and 608 are repeated for each remote
unit for which a delay has not been identified. If a delay has been identified for all remote
units, the processing device 402 proceeds to block 612.

[0049] In block 612, the processing device 402 identifies the greatest downlink delay
among the remote units by comparing the downlink delay for the signal path associated with
each remote unit. The greatest downlink delay may be used such that signals traversing some
or all of the other signal paths are delayed to have a delay equal to the greatest downlink
delay. In some aspects, the total downlink delay can include the propagation delay
determined in block 604 and the delay from either or both of the processing circuits in the
head-end unit and remote unit. In other aspects, the total downlink delay can be determined
using the propagation delay from block 604 without using the delay from either or both of the
processing circuits in the head-end unit and remote unit.

[0050] In some aspects, the greatest downlink delay from the set of downlink delays
may not be used. For example, the downlink delay for a first downlink path may differ from
other downlink delays for other downlink paths by an amount greater than a threshold.
Synchronizing the MIMO transmissions using this excessive downlink delay may negatively

impact performance of the telecommunication system. If the greatest downlink delay differs
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from other downlink delays by an amount greater than a threshold, the processing device 402
involved in the synchronization process 400 may select another downlink delay value that is
below a threshold for synchronizing MIMO transmissions. The processing device 402 can
indicate that the downlink path with the excessive downlink delay should not be used for
MIMO transmissions.

[0051] Returning to FIG. 5, in block 506, the telecommunication system delays
additional downlink signals based on the greatest downlink delay such that the downlink
signals are transmitted simultaneously by the remote units. In some examples, a
programmable delay is applied to additional downlink signals such that the delay among the
downlink paths is the same. The programmable delay can be implemented in one or more
devices in a downlink path. In some aspects, a head-end unit can buffer or otherwise delay
transmission of one or more signals in a MIMO set. In additional or alternative aspects, a
head-end unit can send instructions to other devices in a downlink path (e.g., an expansion
unit, a remote unit, etc.) to delay transmission of one or more signals in a MIMO set. For
example, a head-end unit can transmit a given MIMO signal to a remote unit with an
instruction to delay transmission of the MIMO signal by a specified amount of time.

[0052] In some examples, the signals are simultaneously transmitted by remote units
to one or more terminal devices in a coverage area of the remote units. Although FIG. 5
depicts a process 500 related to downlink signals along downlink paths, the process may be
applied to uplink signals along uplink paths. For example, the process may be applied to
uplink signals such that additional uplink signals are transmitted simultaneously by a head-
end unit to one or more base stations.

[0053] In some aspects, the synchronization process 500 can be performed in
response to changes in the telecommunication system. For example, the processing device

402 from FIG. 4 may be involved in the synchronization process and can receive data
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indicating that a remote unit has been removed from the telecommunication system, that a
remote unit has been added to the telecommunication system, or that a remote unit has moved
to a different geographic location within a coverage area of the telecommunication system.
The changes can impact the downlink delays used for synchronization. The processing
device 402 can respond to changes in the telecommunication system by performing the
synchronization process 500 using the new telecommunication system configuration.

[0054] While the present subject matter has been described in detail with respect to
specific aspects and features thereof, it will be appreciated that those skilled in the art, upon
attaining an understanding of the foregoing may readily produce alterations to, variations of,
and equivalents to such aspects and features. Each of the disclosed aspects, examples, and
features can be combined with one or more of the other disclosed aspects, examples, and
features. Accordingly, it should be understood that the present disclosure has been presented
for purposes of example rather than limitation, and does not preclude inclusion of such
modifications, variations, or additions to the present subject matter as would be readily

apparent to one of ordinary skill in the art.
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Claims

What is claimed is:

1. A method comprising:

transmitting signals between a head-end unit and remote units of a telecommunication
system;

determining that a first delay of a signal path between the head-end unit and a first
remote unit of the remote units is greater than each delay of signal paths between the head-
end unit and other remote units; and

configuring, based on the first delay, the telecommunication system to delay
transmission of additional signals such that the additional signals are simultaneously

transmitted to another unit by either the head-end unit or the remote units.

2. The method claim 1, wherein the telecommunication system is a distributed antenna
system and the signals comprise Ethernet-framed data representing a set of multiple-

input/multiple-output signals.

3. The method of claim 2, wherein determining that the first delay is greater than the
delay of signal paths between the head-end unit and other remote units comprises:
setting a real-time clock for the head-end unit and the remote units;
for each remote unit of the remote units:
transmitting between the head-end unit and the remote unit a message
comprising an instruction to transmit a responsive message at a first time,
identifying a second time at which the responsive message is received by the

head-end unit or the remote unit, and
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determining a delay from a difference between the first time and the second
time; and

identifying a greatest delay among the remote units.

4. The method of claim 3, wherein the real-time clock is set using an IEEE 1588
protocol to synchronize Ethernet communications between the head-end unit and the remote

units.

5. The method of claim 3, wherein determining the delay for each remote unit also
includes combining the delay for each remote unit with a first processing delay caused by
processing circuitry of the head-end unit and by a second processing delay caused by

processing circuitry of the remote unit.

6. The method of claim 1, wherein configuring the telecommunication system to delay
the transmission of the additional signals comprises using a buffer to delay the additional

signals.

7. The method of claim 1, wherein the additional signals are additional uplink signals
and the additional uplink signals are simultaneously transmitted to base stations by the head-

end unit.

8. The method of claim 1, wherein configuring the telecommunication system to delay
transmission of additional downlink signals further comprises:
determining that the first delay is greater than a threshold; and

selecting another downlink delay that is below the threshold.
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9. A telecommunications system comprising:
a plurality of remote units configured to transmit downlink signals to terminal devices
and receive uplink signals from the terminal devices;
a head-end unit configured to distribute the downlink signals to the plurality of remote
units and receive the uplink signals from the plurality of remote units; and
a processing device configured to:
determine that a first delay of a signal path between the head-end unit and a
first remote unit of the plurality of remote units is greater than each delay of the other delays
of other signal paths between the head-end unit and other remote units; and
instruct, based on the first delay, the telecommunication system to delay the
transmission of additional multiple-input/multiple-output signals such that the additional
multiple-input/multiple-output signals are simultaneously transmitted to another unit by

either the head-end unit or remote units.

10. The telecommunications system of claim 9, wherein the processing device is further
configured to:

set a real-time clock in the head-end unit and; and

implement a physical layer device of the head-end unit to communicate signals using

the real-time clock as a time reference.

11. The telecommunications system of claim 10, wherein the processing device is further
configured to:

for each remote unit:
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transmit between the head-end unit and a remote unit a message comprising an
instruction to transmit a responsive message at a first time;

identify a second time at which the responsive message was received by either
the head-end unit or remote unit;

determine a delay from a difference between the first time and the second
time; and

identify a greatest delay among the remote units.

12.  The telecommunication system of claim 11, wherein the real-time clock is settable
using an IEEE 1588 protocol utilized for synchronizing Ethernet communications between

the head-end unit and the remote units.

13. The telecommunication system of claim 11, wherein the processing device is further
configured to determine a processing delay based on a first processing delay caused by
processing circuitry of the head-end unit and a second processing delay caused by processing

circuitry of the remote unit.

14. The telecommunication system of claim 9, wherein the processing device is
configured to instruct the telecommunication system to delay the transmission of additional

multiple-input/multiple-output signals using a buffer.

15. The telecommunication system of claim 9, wherein the additional multiple-
input/multiple-output signals are simultaneously transmitted to terminal devices by the

remote units.
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16. The telecommunication system of claim 9, wherein the processing circuit is further
configured to:

determine the first delay is greater than a threshold,

select another delay value that is below the threshold; and

configure, based on the delay value that is below the threshold, the telecommunication
system to delay the transmission of the additional signals such that the additional signals are

simultaneously transmitted to another unit by either the head-end unit or the remote units.

17. A non-transitory computer-readable medium having instructions stored thereon that
are executable by a processing device to perform operations, the operations comprising:

determining, based on timestamps included in Ethernet-framed data transmitted
between a head-end unit in a telecommunication system and a plurality of remote units, that a
first delay of a signal path between the head-end unit and a first remote unit of the plurality of
remote units is greater than each of the other delays of other signal paths between the head-
end unit and other remote units; and

configuring, based on the first delay, the telecommunication system to delay
transmission of additional Ethernet-framed data representing a set of multiple-input/multiple-
output signals such that the additional Ethernet-framed data are simultaneously transmitted to

another device by either the head-end unit or the remote units.

18.  The non-transitory computer-readable medium of claim 17, wherein the operations
further comprise:
setting a real-time clock for the head-end unit and the remote units;

for each remote unit:
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instructing a message be sent between the head-end unit and the remote unit,
comprising an instruction to transmit a responsive message,
identifying a first time at which the responsive message was transmitted by

one unit and a second time at which the responsive message was received by the other unit,

and
determining a delay from a difference between the first time and second time;
and
identifying a largest delay among the remote units.
19.  The computer-readable medium of claim 18, wherein setting the real-time clock

comprises using an IEEE 1588 protocol utilized for synchronizing Ethernet communications

between the head-end unit and the remote units.

20. The computer-readable medium of claim 18, wherein the operations further comprise
determining a total delay for each remote unit by combining the delay for each remote unit
with a first processing delay caused by processing circuitry of the head-end unit and a second

processing delay caused by processing circuitry of the remote unit.
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