wo 2015/157301 A1 [N 00RO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/157301 A1

15 October 2015 (15.10.2015) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
H04B 7/204 (2006.01) H04B 17/23 (2015.01) kind of national protection available): AE, AG, AL, AM,
HO04B 7/155 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) International Apolication Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
PCT/US2015/024740 HN, HR, HU, ID, IL, I, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
7 April 2015 (07.04.2015) 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,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/978,299 11 ApI’il 2014 (11.04.2014) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: COMMSCOPE TECHNOLOGIES LLC TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
[US/US]; 1100 CommScope Place, S.E., Hickory, North TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Carolina 28602 (US). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
, , : LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) E\Srseillllté)l(“bllg{)UMMETZ, Thomas; Hunnenring 6, 86438 SM. TR}, OAPI (BE, B, CF, CG, CL. CM. GA, GN. GG,
: GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agents: GARDNER, Jason D. et al.; Kilpatrick Townsend Published:

& Stockton LLP, 1100 Peachtree Street, Suite 2800, At-
lanta, Georgia 30309 (US).

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

(54) Title: FREQUENCY-DIVISION DUPLEXING IN A TIME-DIVISION DUPLEXING MODE FOR A TELECOMMUNICA -
TIONS SYSTEM

DISTRIBUTED ANTENNA SYSTEM 0

1024

[ NP REMOTE UNT
ITH o W~ T
1 CONDITIONER ||
LCn NN i I COURLING _?/4
SCHEDULER CONTROLLER WATRIC
I iv =
s
u CONDITIONER ||

(57) Abstract: Certain features relate to operating a distributed antenna system or repeater system communicating frequency-divi-
sion duplexing ("FDD") signals in a time-division duplexing ("TDD") mode. A TDD mode scheduler is configured for monitoring a
downlink communications channel for the start of a downlink frame, sub-frame, or resource slot. Based on the start of a downlink
frame, sub-frame, or resource slot, the TDD mode scheduler can identify a TDD transmission time-slot. The TDD mode scheduler
can schedule high-powered downlink sub-frames during the TDD transmission time-slots where higher power output may be desir-
able. Based on the indication of the TDD transmission time-slot, a transmit/receive controller can increase the gain of the downlink

communication and reduce the gain of the uplink communication.



WO 2015/157301 PCT/US2015/024740

FREQUENCY-DIVISION DUPLEXING IN A TIME-DIVISION DUPLEXING MODE
FOR A TELECOMMUNICATIONS SYSTEM

Cross-Reference to Related Application

[0001] A priority claim is hereby made to U.S. Provisional Application Serial
No. 61/978,299, filed April 11, 2014 and titled “Frequency-Division Duplexing in a
Time-Division Duplexing Mode for a Telecommunications System,” the contents of

which are incorporated herein by reference.

Technical Field

[0002] The present disclosure relates generally to telecommunications systems
and more particularly (although not necessarily exclusively) to distributed antenna
systems that can perform frequency-division duplexing communications in a time-

division duplexing mode.

Background

[0003] A distributed antenna system (“DAS”) can include one or more head-
end units and multiple remote units coupled to each head-end unit. A DAS can be
used to extend wireless coverage in an area. Head-end units can be coupled to one
or more base stations. A head-end unit can receive downlink signals from the base
station and distribute downlink signals in analog or digital format to one or more
remote units. The remote units can transmit the downlink signals to user equipment
devices within coverage areas serviced by the remote units. In the uplink direction,
signals from user equipment devices may be received by the remote units. The
remote units can transmit the uplink signals received from user equipment devices to

the head-end unit. The head-end unit can transmit uplink signals to the serving base
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stations. Often, strong signals at the downlink path can interfere with incoming
signals at the uplink path. It may be desirable to minimize the interference between
downlink and uplink paths in a DAS.

[0004] Remote units can operate in a network that radiates frequency-division
duplexing (“FDD”) signals. In an FDD network, remote units and repeaters can use
transmit/receive duplexers or filter stages to protect received signals in a receiving
communications path from interference caused by signals other than the received
signals. But, duplexers and filters do not allow for frequency agnostic, radio
frequency front-ends unless significant limitations are introduced through transmit

and receive antenna isolation.

Summary

[0005] In one aspect, a distributed antenna system is provided. The distributed
antenna system can include a head-end unit including a time-division duplexing
(“TDD”) mode scheduler. The TDD mode scheduler is configured to identify a start
of a downlink radio block that includes frequency-division duplexing (“FDD”) signals
based on monitoring a downlink communications channel and generate an indication
of a TDD transmission time-slot based on the start of the downlink radio block. The
distributed antenna system can also include a remote unit configured to receive an
uplink radio block that includes FDD signals on an uplink communications channel
and transmit the downlink radio block on the downlink communications channel. The
remote unit can also include a transmit/receive controller. The transmit/receive
controller is configured to receive the indication of the TDD transmission time-slot.

The transmit/receive controller is also configured to increase a downlink gain of the
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downlink radio block during the TDD transmission time-slot and reduce an uplink
gain of the uplink radio block during the TDD transmission time-slot.

[0006] In another aspect, a unit of a repeater system is provided. The unit can
include a transmitter configured to transmit a downlink radio block that includes
downlink FDD signals on a downlink communications channel and a receiver
configured to receive an uplink radio block that includes uplink FDD signals on an
uplink communications channel. The unit can also include a TDD mode scheduler
configured to identify a start of the downlink radio block based on monitoring a
downlink communications channel and generate an indication of a TDD transmission
time-slot based on the start of the downlink radio block. The unit can also include a
transmit/receive controller configured to receive the indication of the TDD
transmission time-slot, increase a downlink gain of the downlink radio block during
the TDD transmission time-slot, and reduce an uplink gain of the uplink radio block
during the TDD transmission time-slot.

[0007] According to another aspect, a method is provided. The method can
include monitoring a downlink communications channel in which information
formatted in radio blocks that include FDD signals is communicated. The method can
further include identifying, based on the downlink communications channel, a start of
a downlink radio block. The method can also include, based on the start of the
downlink radio block, generating an indication of a TDD transmission time-slot. The
method can also include increasing a downlink gain of the downlink radio block
during the TDD transmission time-slot and reducing an uplink gain of an uplink radio
block during the TDD transmission time-slot.

[0008] These illustrative aspects and features are mentioned not to limit or

define the disclosure, but to provide examples to aid understanding of the concepts
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disclosed in this application. Other aspects, advantages, and features of the present

disclosure will become apparent after review of the entire application.

Brief Description of the Drawings

[0009] FIG. 1 is a block diagram depicting an example of a base station and a
distributed antenna system (“DAS”) suitable for performing frequency-division
duplexing (“FDD”) communications in a time-division duplexing (“TDD”) mode
according to one aspect of the present disclosure.

[0010] FIG. 2 depicts an example of a radio frame format suitable for radiating
FDD mobile-network signals in a TDD mode according to one aspect of the present
disclosure.

[0011] FIG. 3 is a block diagram showing an example of a remote unit of FIG.
2, configured for radiating FDD mobile-network signals in a TDD mode and having a
shared transmit-receive antenna according to one aspect of the present disclosure.
[0012] FIG. 4 is a block diagram showing an example of a remote unit of FIG.
2, configured for having separate transmit and receive antennas suitable for radiating
FDD mobile-network signals in a TDD mode according to one aspect of the present
disclosure.

[0013] FIG. 5 is a block diagram showing an example of the DAS of FIG. 1
configured for radiating FDD mobile network signals in a TDD mode according to
one aspect of the present disclosure.

[0014] FIG. 6 is a flow chart depicting an example of a process for using a DAS

configured for FDD communications in a TDD mode.
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Detailed Description

[0015] Certain aspects and features relate to transporting frequency-division
duplexing (“FDD”) signals or signal information in a time-division duplexing (“TDD")
mode for a telecommunications system. For example, a head-end unit or a remote
unit of a distributed antenna system (“DAS”) can transport FDD signals in a TDD
mode and can schedule higher power transmissions, increase power to the downlink
signal during transmission time slots, and decrease uplink gain during transmission
time slots to obtain desirable signal isolation. The reduction of the uplink receiver
gain stages can be high enough to avoid uplink performance degradation due to
receiver overdrive and interference from downlink signals coupling into the uplink
receiver chain. Transporting FDD signals in a TDD mode can allow for a frequency
agnostic front-end for a DAS in which remote units can transmit and receive network
signals simultaneously in multiple frequency bands while minimizing the amount of
hardware required.

[0016] According to one example, performing FDD in a TDD mode can be
implemented using a TDD mode scheduler and a transmit/receive (“TX/RX")
controller. The TDD mode scheduler can be located, for example, at a remote unit in
a DAS. The TDD mode scheduler can identify transmit frames or transmit sub-
frames in a communications channel (e.g., the frames and sub-frames pertaining to
downlink activity). The TDD mode scheduler can schedule high-power downlink sub-
frames by informing a TX/RX controller of the TDD transmission time-slots. The
TX/RX controller can also be located, for example, at a remote unit in the DAS. The
TX/RX controller can receive indications of the TDD transmission time-slots, and, in
response, increase power to the high-power downlink sub-frames and reduce the

downlink signal power when incoming uplink sub-frames are scheduled from distant
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mobiles. Reducing the uplink receiver chain gain for uplink sub-frames can further
minimize interference caused by increasing the power to the downlink sub-frames.
When the uplink receiver chain gain is reduced it is still possible to receive the uplink
transmissions of mobiles that are located close to the remote unit or of mobiles that
are transmitting at high RF power.

[0017] According to certain aspects, performing FDD communications in a TDD
mode can protect the receivers in remote units from being overdriven by strong
transmit signals while minimizing the amount of hardware used for protection. For
example, certain aspects and features can help eliminate extra hardware, such as
filter-based duplexers that are configured for fixed frequency bands, reducing the
overall complexity of the system.

[0018] Additionally, certain aspects and features can help avoid limitations in
isolation levels between transmitter and receiver antennas caused by environmental
conditions. For example, environments with high scattering, such as in-building
areas, can degrade antenna isolation levels and further limit radio frequency (“RF”)
transmit power to undesirable values (e.g., below 20 dB). Transporting FDD signals
in a TDD mode can allow for a frequency agnostic front-end that can adapt to
various environmental conditions dynamically. For example, according to one aspect
of the present disclosure, the uplink front-end gain can be reduced by 1 dB or more
(e.g., 10 dB or even switched off completely) when transmitting high-power downlink
sub-frames. The amount of reduction in uplink front-end gain can vary depending on
the isolation between the transmit path and receive path measured at a remote unit.
[0019] As new wireless communications standards are introduced or adopted,
certain aspects and features of a frequency agnostic RF front-end operating in a

TDD mode can provide advantages over fixed-filter solutions. A frequency agnostic
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front-end can allow for the transmit path and receive path of the DAS remote unit to
be retuned for new or different frequency bands, as desired. As a result, a frequency
agnostic front-end can minimize the number of remote unit variants associated with
different wireless communications standards.

[0020] According to another aspect of the present disclosure, operating in the
TDD mode allows for FDD-based devices in the DAS to continue to operate in FDD
mode.

[0021] 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 numerals indicate like elements, and
directional descriptions are used to describe the illustrative examples but, like the
illustrative examples, should not be used to limit the present disclosure.

[0022] FIG. 1 depicts an example of a DAS 100 suitable for performing FDD in
a TDD mode according to aspects and features of the subject matter described
herein. The DAS 100 can include a network of spatially separated remote units
102a-d communicatively coupled to a head-end unit 104 for communicating with a
base station 106 according to one aspect. For example, remote units 102a-d can
connect directly to the head-end unit 104. In other aspects, the head-end unit 104
can be coupled to remote units 102a-d via a transport expansion unit or another
intermediate device. The remote units 102a-d can provide wireless service to user
equipment devices positioned in respective geographic coverage zones 110, 112.
[0023] The head-end unit 104 can receive uplink downlink signals from the

base station 106 and transmit uplink signals to the base station 106. Any suitable
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communication link can be used for communication between base stations and
head-end units, such as (but not limited to) a direct connection or a wireless
connection. A direct connection can include, for example, a connection via a copper,
optical fiber, or other suitable communication medium. In some aspects, the head-
end unit 104 can include an external repeater or internal RF transceiver to
communicate with the base station 106. In some aspects, the head-end unit 104 can
combine downlink signals received from different base stations. The head-end unit
104 can transmit the combined downlink signals to one or more of the remote units
102a-d.

[0024] Remote unit 102a can provide signal coverage in a coverage zone 110
by transmitting downlink signals to mobile communication devices in the coverage
zone 110 and receiving uplink signals from the user equipment in the coverage zone
110. In another aspect, multiple remote units 102b-d can provide signal coverage in
a single coverage zone 112. The remote units 102a-d can transmit uplink signals to
the head-end unit 104. The head-end unit 104 can combine uplink signals received
from remote units 102a-d for transmission to the base station 106.

[0025] The information on the signals transmitted and received by remote units
102a-d and head-end unit 104 can be grouped in a radio frame format suitable for
radiating FDD mobile network signals in a TDD mode. FIG. 2 depicts an example of
a radio frame format according to certain aspects and features. While the radio
frame format depicted in FIG. 2 includes an LTE (E-UTRA) type 1 frame structure,
other radio frame formats can also be used. The radio frame includes twenty
resource slots labeled 0-19. Resource slots can be grouped into pairs to create ten
sub-frames labeled 0-9. For example, sub-frame 0 includes slots 0 and 1, sub-frame

1 includes slot 2 and 3, etc. Each resource slot or “block” can include seven
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symbols labeled symbols 0-7. Radio frame formats can contain various frame, sub-
frame, and slot timing durations. In one example, a radio frame 10 ms in duration
can consist of ten sub-frames 1.0 ms in duration each. Each sub-frame can contain
two resource slots of duration 0.5 ms each.

[0026] FDD mobile network signals transmitted in a radio frame structure can
be divided into uplink and downlink signals and grouped in radio frames, sub-frames,
and resource slots in various configurations. For example, downlink network signals
can be communicated in sub-frames 0, 2, 4, 6, and 8 and uplink network signals can
be communicated in sub-frames 1, 3, 5, 7, and 9 in a radio frame that includes 10
sub-frames. In another example, downlink network signals and uplink mobile network
signals can be communicated in alternate radio frames. The time duration of each
downlink transmission can be referred to as a TDD transmission time-slot, which can
correspond to the duration of the frame, sub-frame, or resource slot containing the
downlink signal. For example, if downlink signals are communicated in sub-frames
0, 2,4, 6, and 8 in a 10 ms radio frame, then the TDD transmission time-slots can be
0.5 ms in duration each.

[0027] Each TDD time-slot can correspond to a duration of time in which high
powered downlink signals can be scheduled. In performing FDD communications in
a TDD mode, remote units and head-end units can increase the power applied to
transmit frames, sub-frames, or resource slots (hereinafter collectively referred to as
“radio blocks”) during TDD transmission time-slots. To reduce signal interference at
the receiver, remote units and head-end units can reduce the gain of incoming,
received radio blocks during TDD transmission time-slots.

[0028] Remote units 102a-d and head-end unit 104 in DAS 100 can monitor a

downlink communications channel to identify the TDD transmission time-slots that
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correspond to a downlink radio block in order to operate in a TDD mode. Remote
units 102a-d and head-end unit 104 can be configured in various ways in order to
monitor radio frames and radiate FDD network signals in a TDD mode. Figures 3-5
depict examples of certain configurations.

[0029] FIG. 3 is an example of a schematic block diagram of a DAS 100 in
which the head-end unit 104 is communicatively coupled to the remote unit 102d.
The head-end unit 104 can transmit downlink signals to the remote unit 102d via a
downlink signal path and can receive uplink signals from the remote unit 102d via an
uplink signal path. Head-end unit 104 can include a TDD mode scheduler 304, which
monitors a downlink communications channel for the start of a TDD transmission
time-slot in a radio frame. The length of a frame can be determined by the format of
the frame and may be known to TDD mode scheduler 304 that is monitoring a
downlink communications channel. The TDD mode scheduler 304 can identify the
start of a downlink radio block and use the start of the downlink radio block to identify
a TDD transmission time-slot within the communications channel. The TDD mode
scheduler 304 can generate an indication of the TDD transmission time-slot and
communicate the indication to a TX/RX controller 306 located in the remote unit
102d.

[0030] The indication of the TDD transmission time-slot can include information
specifying the start time and end time of the radio block that contains the downlink
transmission. Alternatively, the indication can include information specifying the total
duration of the radio block that contains the downlink transmission.

[0031] The remote unit 102d can include the TX/RX controller 306, signal
conditioners 308, 310, and a coupling matrix 312 coupled to an antenna 314. The

TX/RX controller 306 can detect incoming TDD transmission time-slots from the TDD



WO 2015/157301 PCT/US2015/024740
11

mode scheduler 304 and increase the power applied to the downlink radio block. In
order to minimize signal interference, the TX/RX controller 306 can also reduce the
power of any incoming uplink radio blocks during the TDD transmission time-slot. In
some aspects, the TX/RX controller 306 can increase and reduce the gain of radio
blocks through the use of the signal conditions 308, 310. Increasing the transmit
power level may include increasing the power envelope of the sub-frame rather than
the power envelope of the actual resource blocks. According to another aspect of the
present disclosure, the transmit power level can be increased on a per-slot basis.
According to one further aspect of this invention the TX/RX controller 306 can also
reduce the power of a downlink radio block during a time slot not marked as a TDD
transmission.

[0032] Signal conditioner 310 can be located in the uplink path and signal
conditioner 308 can be located in the downlink path. Each signal conditioner 308,
310 can be coupled to the TX/RX controller 306 and to the coupling matrix 312.
Signal conditioners 308-310 can include attenuators, variable gain amplifiers,
switches, relays, or other elements, such as multipliers or digital signal scalers, used
in digital signal processing. The signal conditioner 308 can adjust the gain of the
downlink resource block via a command from the TX/RX controller 306. Similarly, the
signal conditioner 310 can adjust the gain of the uplink resource block via a
command from the TX/RX controller 306. TX/RX controller 306 can be a controller or
logic circuit that receives instructions from the TDD scheduler 304 and
communicates with signal conditioners 308 and 310 via serial or parallel interfaces.
The signal conditioners 308, 310 can communicate signals to and from the coupling
matrix 312. The coupling matrix 312 can include a three-port device configured to

combine the transmit path output (downlink), the receive path input (uplink) and the
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transmit/receive signals from the antenna 314. The coupling matrix 312 can include,
for example, a circulator, combiner, isolator, or other suitable device for processing
radio frequency signals.

[0033] According to one aspect of the present disclosure, the TDD mode
scheduler 304 can be configured to schedule radio blocks for distant user devices in
the time periods of the high-power downlink sub-frames. The DAS remote unit 102d
and other remote units adjacent to head-end unit 104 can be scheduled to apply the
high-power mode to different sub-frames to minimize interference. For example, if
remote unit 102d is transmitting at a higher power, the TDD mode scheduler 304 can
instruct a different, adjacent remote unit to adjust to operate at a lower power to
minimize interference and maximize data throughput for mobiles that are located at
similar distances from remote unit 102d and other adjacent remote units.

[0034] High-power downlink scheduling can be performed dynamically based
on information received from a DAS remote unit, traffic conditions, or a distance
distribution of the user devices served by the DAS. Scheduling of radio blocks can
also be changed dynamically according to traffic needs. For example, mobile user
devices located at an edge of a cell may use more high-power slots.

[0035] According to another aspect of the present disclosure, along with
monitoring a downlink communications channel, the TDD mode scheduler 304 can
be configured to monitor an uplink communications channel in order to detect uplink
traffic and activity. For example, adjacent user equipment devices transmitting uplink
signals on the same frequency band can cause interference and signal degradation.
The TDD mode scheduler 304 can analyze the signal frequency spectrum used by
user devices and use the detected uplink activity information to further optimize and

assign high-power downlink sub-frames. The TX/RX controller 306 can adjust the
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transmit power level of the downlink sub-frames and uplink sub-frames during the
times high-power downlink sub-frames are scheduled.

[0036] FIG. 4 is a block diagram showing another example configuration for a
remote unit in DAS 100 suitable for radiating FDD mobile network signals in a TDD
mode. Remote unit 102b can include a TDD mode scheduler 404 communicatively
coupled with a TX/RX controller 406. Similar to the TDD mode scheduler 304, the
TDD mode scheduler 404 in remote unit 102b can monitor a downlink
communications channel for the start of a TDD transmission time-slot in a radio
frame and communicate an indication of the TDD transmission time slot to the
TX/RX controller 406.

[0037] The TX/RX controller 406 can be coupled to signal conditioners 408,
410. Signal conditioners 408, 410 can adjust the gains of downlink and uplink
communications radio blocks according to commands from the TX/RX controller 406.
Signal conditioners 408,410 can be communicatively coupled to a coupling matrix
412 coupled to a shared TX/RX antenna 414. The shared TX/RX antenna 414 is
configured to both transmit and receive signals between the remote unit 102b and
one or more user equipment devices.

[0038] FIG. 5 is an example of remote unit 102¢c having separate transmit and
receive antennas 514, 516 suitable for radiating FDD mobile network signals in a
TDD mode. Similar to the remote units 102b, 102d, the remote unit 102¢ can include
a TDD mode scheduler 504 coupled to a TX/RX controller 506 coupled to signal
conditioners 508, 510. The signal conditioners 508, 510 can be coupled to a coupling
matrix 512. In contrast to the shared TX/RX antenna discussed above with respect
to FIG. 4, the DAS remote unit 102¢ can include separate antennas for transmitting

and receiving signals. The coupling matrix 512 can be coupled to the separate
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TX/RX antennas 514, 516. In some examples, circulators or couplers can be
cascaded to improve the isolation between the receiving and transmitting antennas.
In other aspects, however, the transmit antenna 514 can be coupled directly to the
transmit path and the receive antenna 516 can be coupled directly to the receive
path. By using separate antennas, isolation values 40 dB or more can be achieved.
Cross-polarization of the two antennas 514, 516, spatial separation, or any nulling of
the electro-magnetic field of the signal of the transmit antenna 514 at the position of
the receive antenna 516 can improve the isolation level.
[0039] Additionally, when separate antennas 514, 516 are used at the remote
unit 102c, transmit to receive isolation can be determined by measuring the isolation
between transmit antenna 514 and the receive antenna 516 as a function of
frequency. Measured isolation levels can be used to determine an uplink gain
reduction that can further reduce signal degradation at the downlink communications
path. The TX/RX controllers 506 can determine isolation levels by calculating the
amount of power transmitted on the transmit path that is received on the receive path
for each frequency.
[0040] By using the measured isolation levels, the amount of uplink front-end
gain reduction can be determined by the following relationship:
Isolation_required = Isolation_measured (f) — AP_tx (f) - A_G_rx (f)
Where:
Isolation_required is the isolation that the remote unit front-end needs for
simultaneous operation of receive and transmit functions with no
degradation of the receive path, with AP_tx (f) = 0 and AG_rx (f) =0.
Isolation_measured (f) is the measured transmit to receive isolation

depending on the frequency.
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AP _tx (f) is the change of transmit power within the high power downlink
sub-frames compared to the nominal power. A AP_tx (f) = +10 dB
represents an increase of the output power of 10 dB. The change in the
transmit power can be achieved by changing the gain in the transmit
path.
AG rx (f) is the change of DAS remote unit front-end gain compared to the
nominal gain for regular downlink power. A AG_rx (f) = -10 dB represents a
reduction of the front-end gain of the receiver by 10 dB.
[0041] According to a further aspect of this invention the systems depicted in
FIG. 4 and FIG. 5 are not necessarily limited to a remote unit in a DAS system but
can represent the part of a repeater system providing coverage where the repeater
system uses an over the air link to the base station.
[0042] FIG. 6 is a flow chart depicting an example of a process for using a DAS
in a TDD mode for an FDD mobile network system according to an aspect of the
present disclosure.
[0043] In block 600, a component in a DAS, such as a head-end unit or a
remote unit, can monitor a downlink communications channel in which information
formatted in radio blocks is communicated. For example, remote units 102a-d or
head-end unit 104 can include a TDD mode scheduler, such as one of the TDD
mode schedulers 304, 404, 504, that can monitor the downlink communications
channel. Various configurations for monitoring the downlink communications
channel are possible. For example, the TDD mode scheduler can be
communicatively coupled to the downlink communications link from the head-end
unit such that information sent on the downlink communications link is also input into

a network interface on the TDD mode scheduler. Alternatively, signals on the
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downlink communications channel can be input into a processor, such as a field
programmable gate array or a dedicated baseband processor in the TDD mode
scheduler. The TDD mode scheduler can continually process the downlink
communication signal via a network interface or processor to analyze the type of
information on the path (e.g., whether the information is a transmission frame, sub-
frame, or resource slot).

[0044] In block 602, based on the downlink communications channel, a start of
a downlink radio block is identified. For example, one of the TDD mode schedulers
304, 404, 504 can identify the start of the downlink radio block by processing the
information on the downlink channel and searching for an identifier or reference data
in the information that characterizes the radio block as a downlink radio block or an
uplink radio block. Alternatively, the TDD mode scheduler can process information
on the downlink communications path to search for control information that can
specify scheduling assignments for downlink radio blocks and uplink radio blocks.
The TDD mode scheduler can utilize the scheduling assignment control information
to identify the start of a downlink radio block detected in a subsequent
communication in the downlink path. Other forms of identifying the start of the
downlink radio block are also possible.

[0045] In block 604, based on the start of the downlink radio block, an
indication of a TDD transmission time-slot is generated. For example, one of the
TDD mode schedulers 304, 404, 504 can generate an indication of a TDD
transmission time slot. In one aspect, the length of the downlink radio block may be
known by the TDD mode scheduler. Upon receiving the start of the downlink radio
block, a processor in the TDD mode scheduler can calculate the duration for the

downlink radio block. The TDD mode schedule can subsequently generate an
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indication via a signal including information specifying the duration information of the
TDD transmission time-slot. In another aspect, the TDD mode scheduler can
generate an indication via a signal including detailed information pertaining to the
downlink radio block. For example, in the indication, the TDD mode scheduler can
specify the total duration of the radio frame, the start time of the downlink radio
block, and the end time of the downlink radio block. The TDD mode scheduler can
also generate an indication of a TDD transmission time-slot in any other form that
communicates the location and duration of the downlink radio block within the radio
frame. The indication can include a digital signal including a binary string of 1s and
0s. Alternatively, the indication can include a radio frequency carrier wave containing
analog information associated with the TDD transmission time-slot.

[0046] In block 606, a downlink gain of the downlink radio block is increased
during the TDD transmission time-slot. For example, the remote units 102a-d can
include TX/RX controllers 306, 406, 506 that can increase the gain of the downlink
resource block. In one example, the TX/RX controllers can send commands to signal
conditioners that perform digital signal processing on the downlink radio blocks to
increase the power envelope of the sub-frames in the downlink radio blocks. In
another example, TX/RX controllers can send commands to adjust the gains on a
per-slot basis. In a further aspect, TX/RX controllers can directly perform digital
signal processing on the downlink radio block to increase the gain.

[0047] In block 608, an uplink gain of an uplink gain is reduced during the TDD
transmission time-slot. For example, TX/RX controllers can reduce the gain of the
uplink radio blocks by sending commands to coupled signal conditioners to perform
digital signal processing on the uplink radio blocks. Similar to the downlink radio

blocks, the signal conditioners can reduce the gain of the uplink radio blocks by
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reducing the power envelope of the sub-frames in the uplink radio blocks or adjust
the gains on a per-slot basis. By reducing the gain of the uplink radio blocks during
a TDD transmission time-slot, the process can protect the uplink communications
path from being overdriven by the strong transmit signals being sent on the downlink
communications path.

[0048] 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.
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 and/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 distributed antenna system, comprising:

a head-end unit including a time-division duplexing (“TDD”) mode scheduler
configured to identify a start of a downlink radio block that includes frequency-
division duplexing signals based on monitoring a downlink communications channel
and generate an indication of a TDD transmission time-slot based on the start of the
downlink radio block; and

a remote unit configured to receive an uplink radio block on an uplink
communications channel and transmit the downlink radio block on the downlink
communications channel, the remote unit including a transmit/receive controller
configured to receive the indication of the TDD transmission time-slot, increase a
downlink gain of the downlink radio block during the TDD transmission time-slot, and

reduce an uplink gain of the uplink radio block during the TDD transmission time-slot.

2. The distributed antenna system of claim 1, wherein the TDD mode scheduler
is further configured to generate an indication of uplink activity by monitoring the
uplink communications channel,

wherein the transmit/receive controller is further configured to receive the
indication of uplink activity, increase the downlink gain of the downlink radio block
based on the indication of uplink activity, and reduce the uplink gain of the uplink

radio block based on the indication of uplink activity.
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3. The distributed antenna system of claim 1, wherein the transmit/receive
controller is configured to increase the downlink gain by increasing a power envelope

of a transmit sub-frame.

4. The distributed antenna system of claim 1, wherein the transmit/receive
controller is configured to increase the downlink gain by increasing gains of resource

slots included in the downlink radio block.

5. The distributed antenna system of claim 1, wherein the transmit/receive
controller is further configured to determine an isolation measurement between the
uplink communications channel and the downlink communications channel,
determine an amount of uplink gain reduction based on the isolation measurement,
and reduce a gain of the uplink communications channel based on the amount of

uplink gain reduction.

6. The distributed antenna system of claim 5, wherein the transmit/receive
controller is configured to determine the isolation measurement between the uplink
communications channel and the downlink communications channel by calculating
an amount of power transmitted on the downlink communications channel that is

received on the uplink communications channel.

7. The distributed antenna system of claim 1, wherein the remote unit further
comprises a transmit antenna and a receive antenna, wherein the transmit antenna

and the receive antenna are physically separated from each other.
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8. A unit of a repeater system, comprising:

a transmitter configured to transmit a downlink radio block that includes
downlink frequency-division duplexing signals on a downlink communications
channel,

a receiver configured to receive an uplink radio block that includes uplink
frequency-division duplexing signals on an uplink communications channel;

a time-division duplexing (“TDD”) mode scheduler configured to identify a start
of the downlink radio block based on monitoring the downlink communications
channel and generate an indication of a TDD transmission time-slot based on the
start of the downlink radio block; and

a transmit/receive controller configured to receive the indication of the TDD
transmission time-slot, increase a downlink gain of the downlink radio block during
the TDD transmission time-slot, and reduce an uplink gain of the uplink radio block

during the TDD transmission time-slot.

9. The unit of claim 8, wherein the TDD mode scheduler is further configured to
generate an indication of uplink activity by monitoring the uplink communications
channel,

wherein the transmit/receive controller is further configured to receive the
indication of uplink activity, increase the downlink gain of the downlink radio block
based on the indication of uplink activity, and reduce the uplink gain of the uplink

radio block based on the indication of uplink activity.

10.  The unit of claim 8, wherein the transmit/receive controller is configured to

increase the downlink gain by increasing a power envelope of a transmit sub-frame.
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11.  The unit of claim 8, wherein the transmit/receive controller is configured to
increase the downlink gain by increasing a gain of resource slots included in the

downlink radio block.

12.  The unit of claim 8, wherein the transmit/receive controller is further
configured to determine an isolation measurement between the uplink
communications channel and the downlink communications channel, determine an
amount of uplink gain reduction based on the isolation measurement, and reduce a
gain of the uplink communications channel based on the amount of uplink gain

reduction.

13.  The unit of claim 12, wherein the transmit/receive controller is configured to
determine the isolation measurement between the uplink communications channel
and the downlink communications channel by calculating an amount of power
transmitted on the downlink communications channel that is received on the uplink

communications channel.

14. The unit of claim 8, wherein a shared transmit/receive antenna includes the

transmitter and the receiver.

15. A method, comprising:
monitoring a downlink communications channel in which information formatted

in radio blocks that include frequency-division duplexing signals is communicated,
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identifying, based on the downlink communications channel, a start of a
downlink radio block;

based on the start of the downlink radio block, generating an indication of a
time-division duplexing (“TDD”) transmission time-slot;

increasing a downlink gain of the downlink radio block during the TDD
transmission time-slot; and

reducing an uplink gain of an uplink radio block during the TDD transmission

time-slot.

16. The method of claim 15, further comprising:

monitoring an uplink communications channel for an indication of uplink
activity,

increasing the downlink gain of the downlink radio block based on the
indication of uplink activity; and

reducing the uplink gain of the uplink radio block based on the indication of

uplink activity.

17.  The method of claim 15, wherein a transmit/receive controller is configured to

increase the downlink gain by increasing a power envelope of a transmit sub-frame.

18.  The method of claim 15, wherein a transmit/receive controller is configured to
increase the downlink gain by increasing a gain of resource slots included in the

downlink radio block.
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19. The method of claim 15, further comprising:

determining an isolation measurement between an uplink communications
channel and the downlink communications channel;

determining an amount of uplink gain reduction based on the isolation
measurement; and

reducing a gain of the uplink communications channel based on the amount of

uplink gain reduction.

20. The method of claim 19, wherein the isolation measurement between the
uplink communications channel and the downlink communications channel is
determined by calculating an amount of power transmitted on the downlink

communications channel that is received on the uplink communications channel.
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