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SWITCHING SUB-SYSTEM FOR 
DISTRIBUTEDANTENNASYSTEMS USING 

TIME DIVISION DUPLEXING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a U.S. national phase application under 35 U.S.C. 
371 of International Patent Application No. PCT/IB2013/ 
059803 filed Oct. 30, 2013 and titled “Switching Sub-System 
for Distributed Antenna Systems Using Time Division 
Duplexing the entirety of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

The present disclosure relates generally to telecommuni 
cation systems and more particularly (although not necessar 
ily exclusively) to switching sub-systems for distributed 
antenna systems using time division duplexing. 

BACKGROUND 

Telecommunications operators use telecommunication 
systems to provide signal coverage to coverage Zones in 
which wireless devices are located. A distributed system 
(“DAS) may be used to extend the coverage of such tele 
communication systems. Such distributed antenna systems 
include signal paths between base stations or other signal 
Sources operated by telecommunication operators and remote 
antenna units positioned in one or more geographical cover 
age areas. 

In some implementations, a DAS may be configured for 
time division duplexing (“TDD) operations in which down 
link and uplink signals are respectively transmitted and 
received using at least Some common frequencies or common 
portions of a signal path. ADAS configured for TDD opera 
tions may include one or more Switches for isolating down 
link signal paths from uplink signal paths. 

In some cases, multiple telecommunication operators may 
use the same DAS for extending the coverage of their respec 
tive telecommunication systems. An entity responsible for 
configuring or otherwise operating the DAS may be indepen 
dent of the telecommunication operators that use the DAS. 
The entity being independent of the telecommunication 
operators may present disadvantages. For example, it may be 
difficult or infeasible to configure the switching operations of 
the DAS in accordance with the TDD configuration used by 
the telecommunication operators. 

Systems and methods for optimizing TDD switching 
operations for a DAS are desirable. 

SUMMARY 

Certain aspects and features of the present disclosure are 
directed to Switching Sub-systems for distributed antenna 
systems using time division duplexing. 

In one aspect, a Switching control module is provided for 
optimizing time division duplexing (“TDD) operations of a 
distributed antenna system (“DAS). The switching control 
module can include a measurement receiver and a processor. 
The measurement receiver can measure signal powers of 
downlink signals in a downlink path of the DAS. The proces 
Sor can determine start or end times for downlink Sub-frames 
transmitted via the downlink path based on downlink signal 
powers measured by the measurement receiver exceeding a 
threshold signal power. The processor can identify a clock 
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2 
setting that controls a timing of Switching signals used for 
switching the DAS between an uplink mode and a downlink 
mode. The processor can statistically determine a Switching 
time adjustment for the clock setting based on Switching time 
differentials between the clock setting and the start or end 
times. The processor can update the clock setting based on the 
Switching time adjustment. 

In another aspect, a TDD Switching Sub-system is provided 
that can be disposed in a remote antenna unit of a DAS. The 
TDD Switching Sub-system can include one or more Switches 
positioned in a downlink path from a master unit to an antenna 
of the remote antenna unit oran uplink path from the antenna 
to the master unit. The switches can selectively connect the 
antenna of the remote antenna unit to the uplink path or the 
downlink path. The TDD switching sub-system can also 
include a measurement receiver communicatively coupled to 
the downlink path. The measurement receiver can measure 
downlink signal power in the downlink path. The TDD 
Switching Sub-system can also include a processor that is 
communicatively coupled to the measurement receiver and 
Switches. The processor can determine start or end times for 
downlink sub-frames transmitted via the downlink path based 
on downlink signal powers measured by the measurement 
receiver exceeding a threshold signal power. The processor 
can identify a clock setting that controls a timing of Switching 
signals used for switching the DAS between an uplink mode 
and a downlink mode. The processor can statistically deter 
mine a Switching time adjustment for the clock setting based 
on Switching time differentials between the clock setting and 
the start or end times. The processor can update the clock 
setting based on the Switching time adjustment. 

In another aspect, a method is provided for optimizing 
switching times for a DAS that is configured for TDD opera 
tions. The method can involve identifying a clock setting that 
controls the timing of Switching signals provided to one or 
more Switches positioned in an uplink path or a downlink path 
of the DAS. The switching signals can instruct the switches to 
switch the DAS between an uplink mode and a downlink 
mode. The method can also involve determining start or end 
times for downlink sub-frames transmitted via the downlink 
path. Each start or end time can be determined based on a 
measured signal power in the downlink path exceeding a 
threshold signal power. The method can also involve updating 
the clock setting based on a Switching time adjustment that is 
statistically determined from multiple switching time differ 
entials. Each Switching time differential can include a respec 
tive difference between the clock setting and a respective one 
of the start or end times. 

These illustrative aspects and features are mentioned not to 
limit or define the disclosure, but to provide examples to aid 
understanding of the concepts disclosed in this application. 
Other aspects, advantages, and features of the present disclo 
sure will become apparent after review of the entire applica 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram depicting an example of a dis 
tributed antenna system having a time-division duplex 
(“TDD) switching sub-system according to one aspect of the 
present disclosure. 

FIG. 2 is a block diagram depicting an example of a remote 
antenna unit with a TDD Switching Sub-system according to 
one aspect of the present disclosure. 

FIG.3 is a block diagram depicting an example of a Switch 
ing control module of the TDD switching sub-system of FIG. 
2 according to one aspect of the present disclosure. 
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FIG. 4 is a flow chart depicting an example of a process for 
determining an initial clock setting for the Switching control 
module according to one aspect of the present disclosure. 

FIG. 5 is a graph depicting examples of Switching time 
differentials between downlink sub-frames and switching 
signals provided according to an initial clock setting accord 
ing to one aspect of the present disclosure. 

FIG. 6 is a graph depicting an example of a statistical 
distribution of switching time differentials used to find a 
Switching time adjustment according to one aspect of the 
present disclosure. 

FIG. 7 is a graph depicting examples of statistical distribu 
tions of switching time differentials affected by a signal-to 
noise level in the downlink path according to one aspect of the 
present disclosure. 

FIG. 8 is a flow chart depicting an example of a process for 
determining an optimized clock setting for the Switching 
control module according to one aspect of the present disclo 
SUC. 

FIG. 9 is a schematic depicting examples of a master unit 
and remote antenna units for an optical TDD distributed 
antenna system that can utilize an optimized clock setting for 
a TDD Switching Sub-system according to one aspect of the 
present disclosure. 

DETAILED DESCRIPTION 

Certain aspects and examples are directed to Switching 
sub-systems for a distributed antenna system (“DAS) con 
figured for time division duplexing (“TDD) operations. For 
example, the DAS can use a switching sub-system to Switch 
between an uplink mode for communicating TDD signals in 
an uplink direction and a downlink mode for communicating 
TDD signals in a downlink direction. The switching sub 
system can automatically determine Switching times for the 
DAS based on determining whether a signal level for down 
link signals exceeds a threshold level. One or more switches 
of the Switching Sub-system can Switch a remote antenna unit 
of the DAS to the downlink mode by selectively connecting 
one or more components of the downlink path in the remote 
antenna unit and disconnecting one or more components of a 
corresponding uplink path in the remote antenna unit. 

In accordance with Some aspects, the Switching Sub-sys 
tem can include a Switching control module that detects the 
downlink/uplink ratio of base stations in communication with 
the DAS. The switching control module can determine an 
initial clock setting based on the downlink/uplink ratio. The 
initial clock setting can determine the timing for sending 
command signals to the Switches of the Switching Sub-system 
that instruct the switches to switch the DAS between an 
uplink mode and a downlink mode. 

The Switching control module can also optimize a clock 
setting that controls Switching times for the Switches. Opti 
mizing the Switching times can maximize or otherwise 
improve data throughput via the DAS. The switching control 
module can optimize the clock setting by determining start or 
end times for respective downlink sub-frames transmitted via 
the downlink path. The switching control module can deter 
mine the start or end times based on when signal power 
measurements for the downlink path exceed a threshold sig 
nal power. The Switching control module can statistically 
determine a Switching time adjustment based on a set of 
switching time differentials between the initial clock setting 
and the determined start or end times for the downlink sub 
frames. For example, the Switching time adjustment may be 
the statistical mean of the set of switching time differentials. 
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4 
The Switching control module can update the clock setting 
based on the Switching time adjustment. 
The Switching control module can be used to automatically 

determine a TDD configuration for one or more telecommu 
nication operators using the DAS. Automatically determining 
the TDD configuration can reduce or eliminate the need for 
manual configuration of the DAS with respect to each tele 
communication operator. Reducing or eliminating the need 
for manual configuration of the DAS can reduce or avoid 
problems resulting from missing information with respect to 
the configuration settings of different telecommunication 
operators. The Switching control module can also compensate 
for uplink or downlink pulsing variation or other deficiencies 
components of the DAS in the uplink or downlink direction, 
Such as a jitter or clock frequency drift experienced by one or 
more reference clock devices in the DAS. 

Detailed descriptions of certain examples are discussed 
below. These illustrative examples are given to introduce the 
reader to the general Subject matter discussed here and are not 
intended to limit the scope of the disclosed concepts. The 
following sections describe various additional aspects and 
examples with reference to the drawings in which like numer 
als indicate like elements, and directional descriptions are 
used to describe the illustrative examples but, like the illus 
trative examples, should not be used to limit the present 
disclosure. 

FIG. 1 is a block diagram depicting an example of DAS100 
having a TDD Switching Sub-system 110 according to one 
aspect. The DAS 100 can include a master unit 102 in com 
munication with remote antenna units 104a, 104b and with 
base stations 101a, 101b. In some aspects, different base 
stations can communicate signals associated with different 
telecommunication operators. The DAS 100 can be posi 
tioned in a geographical area (e.g., a stadium, an office build 
ing, etc.) to extend wireless communication coverage of the 
base stations 101a, 101b into geographical coverage areas 
108a, 108b. 
The DAS 100 or other telecommunication system can 

include downlink paths for transporting downlink signals 
from the base stations 101a, 101b to one or more of the remote 
antenna units 104a, 104b. The DAS100 can receive downlink 
signals from the base stations 101a, 101b via a wired or 
wireless communication medium. Downlink signals can 
include signals provided from the base stations 101a, 101b 
and transmitted by the remote antenna units 104a, 104b in the 
coverage areas 108a, 108b. A non-limiting example of a 
remote antenna unit is a universal access point. 
The DAS100 or other telecommunication system can also 

include uplink paths for transporting uplink signals from one 
or more of the remote antenna units 104a, 104b to one of more 
of the base stations or repeaters. Uplink signals are signals at 
frequencies in an uplink frequency band that are recovered or 
otherwise received by one or more of the remote antenna units 
104a, 104b from communication devices in the coverage 
areas 108a, 108b. 
The master unit 102 can communicate signals between the 

base stations 101a, 101b and the remote antenna units 104a, 
104b. An example of a master unit 102 is a wireless conver 
sion station. The master unit 102 and remote antenna unit(s) 
104a, 104b can communicate via any Suitable communica 
tion medium. The communication medium can be any Suit 
able medium for providing a serial communication link 
between the master unit 102 and the remote antenna unit 
104a, 104b. In some aspects, the communication medium can 
be an optical fiber. In other aspects, the communication 
medium can include copper cables, microwave links, etc. The 
master unit 102 and remote antenna units 104a, 104b can 
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include analog-to-digital and digital-to-analog converters for 
digital communication over a serial link. 

For illustrative purposes, FIG. 1 depicts a single master 
unit 102 in communication with two base stations 101a, 101b. 
and two remote antenna units 104a, 104b. However, a distrib 
uted antenna system 100 can include any number of master 
units and any number of remote antenna units for communi 
cating signals between any number of base stations or other 
signal Sources and any number of coverage areas. 
ADAS 100 can include other devices in addition to master 

units, remote antenna units, and extension units. For example, 
in some aspects, the DAS 100 may include a base station 
router or otherinterface device that receives signals from base 
stations 101a, 101b and provides the signals to the master unit 
102. In other aspects, the DAS 100 may include one or more 
extension units that communicate signals between the master 
unit 102 and the remote antenna units 104a, 104b. 

The DAS 100 can be configured for TDD operations that 
Support multiple operators communicating signals via the 
DAS 100. For example, the DAS 100 can switch between an 
uplink mode for communicating TDD signals in an uplink 
direction and a downlink mode for communicating TDD sig 
nals in a downlink direction. 
The remote antenna units 104a, 104b can respectively 

include TDD switching sub-systems 110a, 110b used to con 
nect components of the downlink path in response to detect 
ing downlink signals having signal levels exceeding a thresh 
old level. The TDD switching sub-systems 110a, 110b can 
analyze downlink signals to determine if signal levels for the 
downlink signals exceed specified threshold levels. Each of 
the TDD switching sub-systems 110a, 110b can include 
switches that Switch a respective one of the remote antenna 
units 104a, 104b to the downlink mode by selectively con 
necting one or more components of the downlink path in the 
remote antenna unit and disconnecting one or more compo 
nents of a corresponding uplink path in the remote antenna 
unit. 

FIG. 2 is a block diagram depicting an example of a remote 
antenna unit 104 with a TDD switching sub-system 110 
according to one aspect. In a downlink direction, downlink 
signals received from the master unit 102 via an interface 202 
can traverse a downlink path 204 and can be coupled to an 
antenna 209 via an interface 208 for transmission to commu 
nication devices in a coverage area. In an uplink direction, 
uplink signals received by the antenna 209 can be coupled to 
an uplink path 206 via the interface 208 and can traverse the 
uplink path 206 for transmission to the master unit 102 via the 
interface 202. 
The TDD switching sub-system 110 can include one or 

more components of the downlink path 204 and the uplink 
path 206. For example, FIG. 2 depicts a TDD switching 
sub-system 110that includes a switching control module 210, 
switches 212, 214 in the downlink path 204, and a switch 216 
in the uplink path 206. The switching control module 210 can 
be coupled to the downlink path 204 in any suitable manner. 
The switch 212 can be positioned in the downlink path 204 
between the interface 202 and a power amplifier 218. The 
switch 214 can be positioned in the downlink path 204 
between the power amplifier 218 and the interface 208. The 
switch 216 can be positioned in the uplink path 206 between 
the interface 208 and a low noise amplifier 220. 

The switching control module 210 can control the opera 
tion of the switches 212, 214, 216 to selectively allow com 
munication of downlink signals via the downlink path 204 or 
uplink signals via the uplink path 206. The switching control 
module 210 can control the switches 212,214,216 by sending 
switching signals to the switches 212, 214, 216 or devices 
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6 
actuating the switches 212, 214, 216 (not depicted in FIG. 2). 
The switching control module 210 can be communicatively 
coupled to the switches 212,214, 216 or devices actuating the 
switches 212, 214, 216 via any suitable mechanism. For 
example, the remote antenna unit 104 may include a printed 
circuit board or other communication bus via which switch 
ing signals from the Switching control module 210 can pro 
vided to the switches 212, 214, 216 or devices actuating the 
switches 212, 214, 216. For downlink transmission, the 
Switching control module 210 can provide Switching signals 
that cause the Switches 212, 214 to be closed and the switch 
216 to be opened, thereby completing the downlink path 204 
between the interfaces 202, 208 and opening the uplink path 
206 between the interfaces 202,208. For uplink transmission, 
the Switching control module 210 can provide Switching sig 
nals that cause the switches 212, 214 to be opened and the 
switch 216 to be closed, thereby opening the downlink path 
204 between the interfaces 202, 208 and completing the 
uplink path 206 between the interfaces 202,208. Any suitable 
switches 212, 214, 216 can be used. Non-limiting example of 
suitable switches 212, 214, 216 include RF switches, RF 
attenuators, digital attenuators in a digital signal path, digital 
Switches interrupting a digital signal in a digital signal path, 
etc. 

Although FIG. 2 depicts the switching control module 210 
as a separate module coupled to the downlink path 204 for 
illustrative purposes, other implementations are possible. In 
Some aspects, the downlink path 204 may include one or more 
digital signal processing components. Such as a processing 
device (e.g., an application-specific integrated circuit 
(ASIC), a field-programmable gate array (“FPGA), etc.) 
The functions of the switching control module 210 can be 
performed by the processing device using digital downlink 
signals in the downlink path 204 between the interfaces 202, 
208. 
The switching control module 210 can provide switching 

signals based on a detection of downlink signals in the down 
link path 204, an internal clock, or a combination thereof. For 
example, FIG. 3 is a block diagram depicting an example of 
the Switching control module 210 according to one aspect. 
The switching control module 210 can detect the downlink/ 
uplink ratio of the base stations 101a, 101b of other signals 
sources. The switching control module 210 can determine an 
initial clock setting for the TDD switching sub-system based 
on the downlink/uplink ratio. The initial clock setting can 
determine the timing of sending Switching signals to the 
switches 212, 214, 216. The switching control module 210 
can optimize switching times for the switches 212, 214, 216. 
Optimizing the Switching times can maximize or otherwise 
improve data throughput via the DAS 100. 
The switching control module 210 can include a measure 

ment receiver 302, a comparator 304, and a processor 306 
communicatively coupled to a memory 308. 
The measurement receiver 302 can include any suitable 

device for measuring a signal power level in the downlink 
path 204. A non-limiting example of a measurement receiver 
302 is a power detector. The measurement receiver 302 can be 
coupled to the downlink path 204 in any suitable manner, such 
as (but not limited to) a directional coupler. 
The comparator 304 can include a first input coupled to an 

output of the measurement receiver 302 and a second input 
coupled to a reference source 312. The measurement receiver 
302 can provide a Voltage or current representative of a signal 
power measurement for the downlink path 204 to the first 
input of the comparator 304. The reference source 312 can 
provide a voltage or current representative of a threshold 
signal power to the second input of the comparator 304. The 
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comparator 304 can compare the representative Voltages or 
currents for the downlink signal power measurement and the 
threshold signal power. The comparator 304 can output a 
voltage or current representative of whether the downlink 
signal power measurement exceeds the threshold signal 
power. The threshold signal power can be modified by modi 
fying the voltage or current provided by the reference source 
312. 
The processor 306 can receive the voltage or current rep 

resentative of whether the downlink signal power measure 
ment exceeds the threshold signal power. The processor 306 
can control switching operations of the TDD switching sub 
system 100 based on the comparison of the downlink signal 
power measurement and the threshold signal power by 
executing a Switching control engine 310 or other executable 
instructions stored to the memory 308, as described in further 
detail below. The processor 306 can control the switching 
operations by generating Switching signals that are provided 
to the switches 212, 214,216 or the devices used for actuating 
the switches 212, 214, 216. 

The processor 306 can include any device or group of 
devices suitable for accessing and executing executable 
instructions stored in the memory 308. Non-limiting 
examples of the processor 306 include a microprocessor, an 
ASIC, a FPGA, or other suitable processing device. The 
processor 306 may include one processor or any number of 
processors. The memory 308 may be any non-transitory com 
puter-readable medium capable of tangibly embodying 
executable instructions and can include electronic, magnetic, 
or optical devices. Examples of memory 308 include random 
access memory (“RAM), read-only memory (“ROM), 
magnetic disk, an ASIC, a configured processor, or other 
storage device. Instructions can be stored in memory 308 as 
executable code. The instructions can include processor-spe 
cific instructions generated by a compiler and/or an inter 
preter from code written in any Suitable computer-program 
ming language. Such as C, C++, C#, Visual Basic, Java, 
Python, Perl, JavaScript, and ActionScript. 

Although FIG. 3 depicts a switching control module 210 
including a comparator 304 for outputting a signal indicative 
of whether the downlink signal power exceeds a threshold 
signal power, other implementations are possible. For 
example, in Some aspects, the comparator 304 and the refer 
ence source 312 can be omitted. The processor 306 can com 
municate with the measurement receiver 302 to obtain data 
describing signal power levels in the downlink path 204. In 
one non-limiting example the measurement receiver 302 can 
have an analog output electrically connected to the processor 
306. The measurement receiver 302 can provide a voltage or 
a current to the processor 306 via the analog output. The 
Voltage or current can be equivalent to or otherwise indicative 
of the measured power level in the downlink path 204. In 
another non-limiting example, the measurement receiver 302 
can provide a digital output signal to the processor 306 that 
represents the measured power level in the downlink path 
204. In additional or alternative aspects, the measurement 
receiver 302 can include a digital input that is coupled to the 
downlink path 304. 
The processor 306 can compare the data obtained from the 

measurement receiver 302 with data stored in the memory 
308 that describes the threshold signal power. The threshold 
signal power can be modified by providing updated data 
describing the threshold signal power to the processor 306 for 
storage in the memory 308. 

FIG. 4 is a flow chart depicting an example of a process 400 
for determining an initial clock setting for the Switching con 
trol module 210 according to one aspect. For illustrative 
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8 
purposes, the process 400 is described with respect to the 
implementation of the TDD switching sub-system 110 and 
the switching control module 210 described above with 
respect to FIGS. 2-3. Other implementations, however, are 
possible. 
The process 400 can be used to automatically determine a 

TDD configuration for one or more telecommunication 
operators using the DAS 100. Automatically determining the 
TDD configuration can reduce or eliminate the need for 
manual configuration of the DAS 100 with respect to each 
telecommunication operator. Reducing or eliminating the 
need for manual configuration of the DAS 100 can reduce or 
avoid problems resulting from missing information with 
respect to the configuration settings of different telecommu 
nication operators. 
The process 400 involves obtaining multiple downlink 

frame samples by measuring signal power in a downlink path 
of a TDDDAS at multiple times, as depicted in block 410. For 
example, the processor 306 can execute the Switching control 
engine 310 to sample data from the measurement receiver 302 
or the comparator 304 at intervals specified by the switching 
control engine 310. For each interval, the processor 306 can 
store data in the memory 308 describing whether the signal 
power in the downlink path 204 exceeds the threshold power. 
The signal power in the downlink path 204 exceeding the 
threshold power can indicate that a downlink frame is being 
transmitted via the downlink path 204. The signal power in 
the downlink path 204 being less than or equal to the thresh 
old power can indicate that a downlink frame is not being 
transmitted via the downlink path 204 and that an uplink 
frame is being transmitted via the uplink path 206. In some 
aspects, the measurement receiver 302 can measure the signal 
power in the downlink path 204 at intervals specified by the 
processor 306. In other aspects, the measurement receiver 
302 can continuously measure the signal power in the down 
link path 204. The processor 306 can sample power measure 
ments from measurement receiver 302 or sample current or 
voltage levels at the output of the comparator 304 at the 
specified intervals. 
The process 400 further involves determining a downlink/ 

uplink ratio for the TDD DAS based on the downlink frame 
samples, as depicted in block 420. For example, the Switching 
control engine 310 can access data describing different down 
link/uplink ratios for different TDD configurations. Different 
TDD configurations may communicate TDD signals in a 
specified ratio between the uplink and downlink sub-frames. 
A frame can be a period of time a TDD system switches 
between sending uplink and downlink data in according to a 
specified sequence. A frame can include uplink Sub-frames 
during which uplink data is transmitted and downlink Sub 
frames during which uplink data is transmitted. The down 
link/uplink ratio can include the number of individual down 
link and uplink Sub-frames and the duration of each Sub 
frame. 
The process 400 further involves determining an initial 

clock setting for the switching control module 210 based on 
the downlink/uplink ratio, as depicted in block 430. For 
example, the processor 306 can execute the Switching control 
engine 310 to determine the initial clock setting. The clock 
setting can be used to determine when the processor 306 
provides a switching signal to the switches 212, 214, 216. For 
example, the processor 306 can provide the Switching signal 
every to seconds, milliseconds, microseconds, or other Suit 
able unit of time. The value oft used for the clock setting 
can correspond to the TDD configuration of a telecommuni 
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cation operator using the DAS 100. An initial value oft can 
be selected based on a TDD configuration determined from 
the downlink/uplink ratio. 
ATDD configuration of a base station using the DAS 100 

can be determined by identifying downlink sub-frames and 
uplink sub-frames during a TDD frame can be used to deter 
mine A downlink/uplink ratio can correspond to a given TDD 
configuration. For example, an LTE system configured for 
TDD operation can include a first configuration with a ratio of 
two downlink Sub-frames to three uplink Sub-frames, a sec 
ond configuration with a ratio of three downlink sub-frames 
to two uplink Sub-frames, a third configuration with a ratio of 
four downlink Sub-frames to one uplink Sub-frames, etc. In 
Some aspects, the Switching control engine 310 can select a 
TDD configuration based on a standardized downlink/uplink 
ratio in a telecommunication standard, Such as a 3rd Genera 
tion Partnership Project (“3GPP) specification. Selecting the 
TDD configuration based on a standardized downlink/uplink 
ratio in a telecommunication standard can minimize or oth 
erwise reduce errors with respect to incorrect Switching inter 
vals. In other aspects, the Switching control engine 310 can be 
configured via user input with one or more specified TDD 
configurations corresponding to one or more specified down 
link/uplink ratios. 
The Switching control engine 310 can compare the down 

link/uplink ratio determined using the measurement receiver 
302 to data stored to the memory device that describes various 
TDD configurations. The switching control engine 310 can 
identify the TDD configuration for an operator using the DAS 
100 based on the comparison of the determined downlink/ 
uplink ratio with the stored data describing various TDD 
configurations. The Switching control engine 310 can select 
an initial value for t that causes the processor 306 to send 
Switching signals to the Switches 212, 214, 216 in accordance 
with the identified TDD configuration. 

In some aspects, the DAS100 can be set to an offline mode 
for performing the process 400. For example, the DAS 100 
may be automatically set to an initialization mode upon enter 
ing operation. An initialization or other offline mode can be 
used to set one or more system parameters of the DAS 100 
used for TDD operation. In an offline mode, the switching 
control module 210 may perform one or more configuration 
operations based on signal power measurements in the down 
link path 204 without controlling the switches 212, 214, 216. 
For example, in an offline mode, the switches 212, 214, 216 
may be set to an open position such the DAS 100 does not 
communicate signals between the base stations 101a, 101b 
and the coverage areas 108a, 108b. 
The initial clock setting to may roughly approximate the 

TDD configuration for an operator using the DAS 100. How 
ever, slight discrepancies may exist between the times at 
which downlink sub-frames begin and the times at which the 
Switching control module 210 provides Switching signals to 
the switches 212, 214, 216. For example, FIG. 5 is a graph 
depicting examples of Switching time differentials. At 
between downlink sub-frames 502a-n and switching signals 
504a-n provided according to an initial clock setting accord 
ing to one aspect. Each of the Switching time differentials 
At is a delay between the start of a respective one of the 
downlink sub-frames 502a-n and a time at which a respective 
one of the switching signals 504a-n is provided to the 
switches 212, 214, 216. 
The switching control module 210 can optimize or other 

wise improve the clock setting to based on a Switching time 
adjustment Att, statistically determined from a set of switch 
ing time differentials At. For example, for one or more of the 
downlink sub-frames 502a-n, the processor 306 can compare 
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10 
each of the clock settingst, with a respective one of the 
times to , at which a downlink signal power greater than 
a threshold signal power is detected by the Switching control 
module 210. 
The processor can determine each Switching time differ 

ential At-lti-to-tel. The offset value tes, can be a 
configurable static offset between the switching point deter 
mined by the measurement receiver 302 and the point in time 
when the Switching point is required to be set. The Switching 
control module 210 can be configured to detect a threshold 
signal power that is Substantially higher than the noise in the 
downlink path 204, thereby maintaining a high signal-to 
noise ratio and a low statistical variance. The offset value 

te, can be used if it is desirable to switch between the uplink 
and downlink mode prior to the signal power in the downlink 
path 204 exceeding the high threshold signal power. The 
offset valuet, can be selected based on the threshold signal 
power used by the switching control module 210, the tele 
communication standard used for downlink signals in the 
downlink signal path 204, the use of the DAS100 by multiple 
operators, or the transmission of multi-channel signals via the 
DAS 100. In some aspects, the switching time differential At 
can be determined without using an offset value t. 
The statistical variation of a determined Switching point 

over time can be caused by one or more processes in combi 
nation with one another. One non-limiting example of a 
Source of the variation is the signal-to-noise level of the signal 
measured by the measurement receiver 302. Another non 
limiting example of a source of variation is the jitter and drift 
ofa reference clock used by the switching engine 310 or other 
clocks in DAS 100 or the base stations 101a, 101b. Another 
non-limiting example of a source of variation is noise in the 
associated with the reference source 312. Another non-limit 
ing example of a source of variation is that high power uplink 
signals can be coupled to the downlink path 204 due to miss 
ing isolation between the uplink and downlink paths at the 
master unit 102. The various source of variation can combine 
with one another to cause a statistical variation in the Switch 
ing point. 

FIG. 6 is a graph depicting an example of a statistical 
distribution of switching time differentials At used to find a 
switching time adjustment At Sampled values for At, can 
be obtained over different frames in which an operator using 
the DAS 100 switches between an uplink mode and a down 
link mode. The Switching control engine 310 can generate or 
otherwise obtain a statistical distribution of the sampled val 
ues for At. The switching control engine 310 can determine 
the Switching time adjustment At based on the statistical 
distribution. A non-limiting example of a Switching time 
adjustment Att, statistically determined from sampled values 
for At, is a mean value At of the sampled values for At, as 
depicted in FIG. 6. 
The signal-to-noise level in the downlink path 204 can 

impact the statistical distribution of the sampled values of At 
For example, FIG. 7 is a graph depicting examples of statis 
tical distributions of switching time differentials. At affected 
by a signal-to-noise level in the downlink path 204. A statis 
tical distribution 602 of switching time differentials. At rep 
resented by the solid line may obtained from a downlink path 
204 having a lower signal-to-noise ratio than the statistical 
distribution 604 represented by the dashed line. The lower 
signal-to-noise ratio can cause the statistical distribution 602 
of Switching time differentials. At to have a wider range of 
values than the statistical distribution 604. 

FIGS. 6-7 depict symmetrical or nearly symmetrical sta 
tistical distributions of the sampled values of At. However, in 
Some aspects, the statistical distribution of the sampled values 
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of At may be asymmetrical. For example, the statistical dis 
tribution may be wider for earlier times and narrow for later 
times due to the higher signal level. 

The Switching control module 210 can use a Switchingtime 
adjustment Att, to optimize or otherwise improve the clock 
setting used by the switching control module 210. FIG. 8 is a 
flow chart depicting an example of a process for determining 
an optimized clock setting for the Switching control module 
according to one aspect. 
The process 700 involves identifying a clock setting that 

controls timing for providing Switching signals to one or more 
switches that instruct the switches to switch the distributed 
antenna system between an uplink mode and a downlink 
mode, as depicted in block 710. For example, the switching 
control engine 310 executed by the processor 306 can deter 
mine a clock setting for providing Switching signals to one or 
more of the Switches 212, 214, 216. 

In some aspects, identifying the clock setting can include 
identifying an initial clock setting for the Switching control 
module 210, such as (but not limited to) a clock setting deter 
mined using a process 400. For example, the clock setting can 
be determined or otherwise identified during an offline mode 
for the DAS100 in which no switching signals are provided to 
the switches 212, 214, 216. 

In other aspects, the identified clock setting can be a current 
clock setting for a DAS 100 in an online mode in which 
signals are communicated with coverage areas 108a, 108b. 
The current clock setting can be the clock setting used for 
providing Switching signals to the Switches 212, 214, 216 in 
the online mode of the DAS 100. The switching control 
engine 310 can identify the current clock setting and perform 
additional operations to optimize or otherwise update the 
current clock setting. 
The process 700 further involves determining start or end 

times for respective downlink sub-frames transmitted via a 
downlink path of the distributed antenna system, as depicted 
in block 720. For example, the switching control engine 310 
can receive or otherwise access data describing power mea 
surements by the measurement receiver 302. The switching 
control engine 310 can identify a start time for a respective 
downlink Sub-frame based on a power measurement indicat 
ing that a signal power in the downlink path 204 exceeds the 
threshold signal power. The switching control engine 310 can 
identify an end time for a respective downlink sub-frame 
based on a power measurement indicating that a signal power 
in the downlink path 204 drops from a level exceeding the 
threshold signal power to a level below the threshold signal 
power. 
The process 700 further involves statistically determining a 

Switching time adjustment based on Switching time differen 
tials between the clock setting and the respective start times, 
as depicted in block 730. For example, the switching control 
engine 310 can determine a Switching time adjustment that is 
a mean or other statistical attribute of a set of sample Switch 
ing time differentials, as described above with respect to 
FIGS. 5-6. 
The process 700 further involves updating the clock setting 

based on the Switching time adjustment, as depicted in block 
740. For example, the switching control engine 310 can 
update the current clock setting tie, to an updated clock 
setting titled based on the function tikei tikent 
At. In some aspects, the Switching control engine 310 can 
detect an end of a current TDD frame or sub-frame based on 
power measurements from the measurement receiver 302. 
The Switching control engine 310 can generate Switching 
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signals for the switches 212,214,216 at intervals oftt, 
after detecting the end of the current TDD frame or sub 
frame. 
The TDD switching sub-system can be implemented in any 

suitable DAS 100 configured for TDD operations. For 
example, FIG. 9 is a schematic depicting examples of a mas 
ter unit 102 and remote antenna units 104a-n for an optical 
TDD distributed antenna system that can utilize an optimized 
clock setting for a TDD Switching Sub-system according to 
One aspect. 
The master unit 102 can include splitter-combiners 802a-n 

for isolating uplink and downlink signals communicated with 
base stations or other signal Sources. The master unit 102 can 
also include mixers 803a-n and local oscillators 804a-n for 
frequency-shifting downlink signals to intermediate fre 
quency (“IF) bands, as described in greater detail below. The 
master unit 102 can also include a combiner 806 for combin 
ing downlink signals from different operators for serial trans 
mission to remote antenna units 104a-n. The master unit 102 
can also include an electrical-to-optical converter 808 for 
converting the serialized electrical downlink signals into seri 
alized optical downlink signals. The serialized optical down 
link signals can be transmitted to the remote antenna units 
104a-n via the optical communication link 811. The master 
unit 102 can also include an optical-to-electrical converter 
812 for converting optical uplink signals received via the 
optical communication link 811 into serialized electrical 
uplink signals. The master unit 102 can also include a splitter 
814 for separating the serialized electrical uplink signals into 
separate uplink signals for transmission to base stations or 
other receivers of uplink signals. 
The remote antenna units 104a-n can include respective 

optical splitter-combiners 816a-n for isolating optical down 
link signals from optical uplink signals. The remote antenna 
units 104a-in can also include respective optical-to-electrical 
converters 818a-n for converting optical downlink signals 
into electrical downlink signals. The remote antenna units 
104a-n can also include respective mixers 820a-n and local 
oscillators 821 a-n for frequency shifting downlink signals to 
RF frequency bands, as described in detail below. The remote 
antenna units 104a-n can also include respective bandpass 
filters 822a-n for attenuating unwanted frequency compo 
nents of the RF downlink signals outputted by the mixers 
820a-n. The remote antenna units 104a-n can also include 
Switching control modules 210a-n and Switches 212a-n, 
214a-n, 216a-n that perform the same or similar functions 
with respect to the power amplifiers 218a-n and low noise 
amplifiers 220a-n as described above with respect to FIG. 2. 
The remote antenna units 104a-in can also include respective 
circulators 824a-n for coupling downlink signals from the 
downlink paths to the antennas 209a-n and for coupling 
uplink signals from the antennas 209a-n to the uplink paths. 
The remote antenna units 104a-in can also include respective 
electrical-to-optical converters 828a for converting electri 
cal uplink signals to optical uplink signals for transmission 
via the optical communication link 811. 

Multiple telecommunication operators utilizing the DAS 
100 can use a common optical communication link 811 
between the master unit 102 and the remote antenna units 
104a-n. In some aspects, the DAS 100 can supportan “unco 
ordinated operator mode.” In the uncoordinated operator 
mode, different operators using the DAS 100 do not coordi 
nate with one another in Switching between an uplink TDD 
mode and a downlink TDD mode. 
The DAS 100 can be configured to reduce or eliminate 

uplink blocking by unsynchronized operators transmitting 
signals using adjacent frequencies. For example, downlink 
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signals from multiple operators can be closely spaced within 
a frequency band (e.g., a few MHz). The mixers 803a-n and 
the local oscillators 804a-n of the master unit 102 can be used 
to frequency-shift downlink signals to IF bands. Frequency 
shifting the downlink signals to IF bands can separate down- 5 
link signals from uncoordinated operators use closely spaced 
frequencies for transmitting TDD signals. The mixers 820a-n 
and local oscillators 821a-n of the remote antenna units 
104a-n can be used to frequency-shift the IF downlink signals 
back to RF bands for transmission. A reference clock 805 in 
the master unit 102 can be used for synchronizing the local 
oscillators 804a-n, 821a-n. In some aspects, the reference 
clock 805 can also be used for synchronizing the reference 
source 312 used by the switching control module 210. The 
reference clock 805 can be communicatively coupled to the 
local oscillators 804a-in via any Suitable mechanism, Such as 
a printed circuit board or other communication bus (not 
depicted in FIG.9). Signals from the reference clock 805 can 
be communicated from the master unit 102 to the remote 
antenna units 104a-n via the optical communication link 811. 
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The foregoing description of aspects and features of the 
disclosure, including illustrated examples, has been pre 
sented only for the purpose of illustration and description and 
is not intended to be exhaustive or to limit the disclosure to the 
precise forms disclosed. Numerous modifications, adapta 
tions, and uses thereof will be apparent to those skilled in the 
art without departing from the scope of this disclosure. 
Aspects and features from each example disclosed can be 
combined with any other example. The illustrative examples 
described above are given to introduce the reader to the gen 
eral subject matter discussed here and are not intended to limit 
the scope of the disclosed concepts. 
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What is claimed is: 
1. A Switching control module comprising: 
a measurement receiver configured for measuring a signal 
power in a downlink path of a distributed antenna sys 
tem; and 

a processor communicatively coupled to the measurement 
receiver, wherein the processor is configured for opti 
mizing time division duplexing operations of the distrib 
uted antenna system by: 
determining an initial clock setting that controls a timing 

for generating Switching signals that instruct at least 
one Switch in an uplink path or the downlink path of 
the distributed antenna system to switch the distrib 
uted antenna system between an uplink mode and a 
downlink mode, wherein the processor is configured 
for determining the initial clock setting by performing 
operations comprising: 
obtaining multiple downlink Sub-frame samples, 

wherein each downlink frame sample corresponds 
to a respective power measurement by the measure 
ment receiver; 

determining a ratio between downlink Sub-frames and 
uplink Sub-frames for signals-communicated via 
the distributed antenna system, and 

determining the initial clock setting based on the 
ratio: 

determining multiple start times or end times for respec 
tive downlink sub-frames transmitted via the down 
link path, wherein the processor is configured for 
determining each start time or end time based on the 
signal power measured by the measurement receiver 
exceeding a threshold signal power; and 

updating the initial clock setting based on a Switching 
time adjustment statistically determined from mul 
tiple switching time differentials, wherein each of the 
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Switching time differentials comprises a respective 
difference between the initial clock setting and a 
respective start time or end time. 

2. The switching control module of claim 1, wherein the 
Switching time adjustment comprises a mean Switching time 
differential from a statistical distribution of the switching 
time differentials. 

3. The switching control module of claim 1, further com 
prising a comparator device having an input coupled to the 
measurement receiver and an output coupled to the processor, 
wherein the comparator device is configured for comparing 
the threshold signal power with a power measurement 
received from the measurement receiver via the input and 
providing a signal to the processor via the output that is 
indicative of whether the power measurement exceeds the 
threshold signal power. 

4. The switching control module of claim 1, wherein the 
processor is further configured for determining the initial 
clock setting based on the ratio by: 

identifying a time division duplexing configuration utiliz 
ing the ratio; and 

selecting the initial clock setting based on the time division 
duplexing configuration. 

5. The switching control module of claim 1, wherein the 
processor is configured for determining the start times or end 
times Subsequent to determining the initial clock setting and 
updating the initial clock setting based on the Switching time 
adjustment. 

6. The switching control module of claim 1, wherein the 
processor is further configured for providing multiple Switch 
ing signals based on the updated clock setting. 

7. A time division duplex Switching Sub-system disposed in 
a remote antenna unit of a distributed antenna system, the 
time division duplex Switching Sub-system comprising: 

at least one Switch positioned in at least one of a downlink 
path from a master unit to an antenna of the remote 
antenna unit or an uplink path from the antenna to the 
master unit, the at least one Switch configured for selec 
tively connecting the antenna to the uplink path or the 
downlink path; 

a measurement receiver communicatively coupled to the 
downlink path and configured for measuring a signal 
power in the downlink path; and 

a processor communicatively coupled to the measurement 
receiver and to the at least one switch, wherein the pro 
cessor is configured for optimizing time division 
duplexing operations of the distributed antenna system 
by: 
determining a clock setting that controls a timing for 

generating Switching signals that instruct at least one 
switch in an uplink path or the downlink path of the 
distributed antenna system to switch the distributed 
antenna system between an uplink mode and a down 
link mode, wherein the processor is configured for 
determining the clock setting by performing opera 
tions comprising: 
identifying a time division duplexing configuration 

utilizing a ratio between downlink Sub-frames and 
uplink Sub-frames for signals communicated via 
the distributed antenna system, and 

selecting the clock setting based on the identified time 
division duplexing configuration; 

determining multiple start times or end times for respec 
tive downlink sub-frames transmitted via the down 
link path, wherein the processor is configured for 
determining each start time or end time based on the 
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signal power measured by the measurement receiver 
exceeding a threshold signal power, and 

updating the clock setting based on a Switching time 
adjustment statistically determined from multiple 
switching time differentials, wherein each of the 
Switching time differentials comprises a respective 
difference between the clock setting and a respective 
start time or end time. 

8. The time division duplex switching sub-system of claim 
7, wherein the Switching time adjustment comprises a mean 
switching time differential from a statistical distribution of 
the switching time differentials. 

9. The time division duplex switching sub-system of claim 
7, further comprising a comparator device having an input 
coupled to the measurement receiver and an output coupled to 
the processor, wherein the comparator device is configured 
for comparing the threshold signal power with a power mea 
surement received from the measurement receiver via the 
input and providing a signal to the processor via the output 
that is indicative of whether the power measurement exceeds 
the threshold signal power. 

10. The time division duplex switching sub-system of 
claim 7, wherein the processor is further configured for deter 
mining an initial clock setting, wherein determining the ini 
tial-clock setting further comprises: 

obtaining multiple downlink Sub-frame samples, wherein 
each downlink frame sample corresponds to a respective 
power measurement by the measurement receiver, and 

determining the ratio from the downlink sub-frame 
samples. 

11. The time division duplex switching sub-system of 
claim 10, wherein the time division duplex switching sub 
system is configured for determining the clock setting based 
on the distributed antenna system being in an offline mode. 

12. The time division duplex switching sub-system of 
claim 7, wherein the processor is further configured for pro 
viding multiple Switching signals based on the updated clock 
Setting. 

13. A method comprising: 
determining an initial clock setting that controls a timing 

for providing Switching signals to at least one Switch 
positioned in an uplink path or a downlink path of a 
distributed antenna system that the at least one switch to 
switch the distributed antenna system between an uplink 
mode and a downlink mode, wherein determining the 
initial clock setting comprises 
obtaining multiple downlink Sub-frame samples, 

wherein each downlink frame sample corresponds to 
a respective signal power measurement for the down 
link path; 
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determining a ratio between downlink Sub-frames and 

uplink Sub-frames for signals communicated via the 
distributed antenna system; and 

determining the initial clock setting based op the ratio: 
determining multiple start times or end times for respective 

downlink sub-frames transmitted via the downlink path, 
wherein each start time or end time is determined based 
on a measured signal power in the downlink path 
exceeding a threshold signal power, and 

updating the initial clock setting based on a Switching time 
adjustment statistically determined from multiple 
switching time differentials, wherein each of the switch 
ing time differentials comprises a respective difference 
between the initial clock setting and a respective one of 
the start times or end times. 

14. The method of claim 13, wherein the switching time 
adjustment comprises a mean Switching time differential 
from a statistical distribution of the switching time differen 
tials. 

15. The method of claim 13, further comprising providing 
multiple Switching signals based on the updated clock setting. 

16. The method of claim 13, wherein determining the ini 
tial clock setting based on the ratio comprises: 

identifying a time division duplexing configuration utiliz 
ing the ratio; and 

selecting the initial clock setting based on the time division 
duplexing configuration. 

17. The method claim 13, further comprising setting the 
distributed antenna system to an offline mode, wherein the 
initial clock setting is determined and updated in the offline 
mode. 

18. The method of claim 17, further comprising: 
setting the distributed antenna system to an online mode; 
determining multiple additional start times or end times for 

respective additional downlink sub-frames transmitted 
via the downlink path in the online mode: 

updating the clock setting based on an additional Switching 
time adjustment determined from multiple additional 
switching time differentials, wherein each of the addi 
tional Switching time differentials comprises a respec 
tive difference between the clock setting and a respective 
one of the additional start times or end times; and 

providing multiple Switching signals to the at least one 
Switchbased on the clock setting as updated in the online 
mode. 


