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OPTIMIZING NETWORK RESOURCES IN A TELECOMMUNICATIONS SYSTEM

Cross-Refe rence to Related Application

[0001] A priority claim is hereby made to U.S. Provisional Application Serial

No. 61/942,834, filed February 2 1, 2014 and titled "Frequency Planning in a

Distributed Antenna System," the contents of which are incorporated herein by

reference.

Background

[0002] A telecommunications system, such as 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 cove rage in an area.

Head-end units can be coupled to one or more base transceive r stations that can

each manage wireless communications for diffe rent cell sites. A head-end unit can

receive downlink signals from the base transceive r station and dist ribute downlink

signals in analog or digital form 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 transceive r stations.

Adjacent remote units transmitting signals of diffe rent base transceive r

stations / cells using the same netwo rk resou rces (e.g., transmitting at the same

frequencies) can result in signal interference in the DAS.



Summary

[0003] In one aspect, a method is provided. The method can include

generating a test signal in a downlink band. The method can also include radiating

the test signal by a first remote unit in a distributed antenna system.. The method

can also include receiving the signal by a second remote unit in the distributed

antenna system. The method can further include determining an isolation level

based on the test signal. The method can also include determining a network

resource allocation plan for the first remote unit and the second remote unit based

on the isolation level. The network resource allocation plan includes allocating

network resources among the first remote unit and the second remote unit.

[0004] In another aspect, a non-transitory computer readable medium with

program code recorded thereon is provided. The program code can include code for

defining an isolation threshold indicating a minimum isolation level between a first

remote unit of a distributed antenna system and a second remote unit of the

distributed antenna system. The program code can also include code for

determining a network resource allocation plan for the first remote unit and the

second remote unit based on the isolation threshold and an isolation level provided

by the first remote unit. The network resource allocation plan includes an allocation

of network resources among the first remote unit and the second remote unit.

[0005] In another aspect, a distributed antenna system is provided. The

distributed antenna system can include a head-end unit. The distributed antenna

system can also include a first remote unit configured to measure a power level of a

test signal received from a second remote unit and determine an isolation level

based on the power level. The first remote unit and the second remote unit are

communicatively coupled to the head-end unit.



[0006] The distributed antenna system can also include a self-optimizing

network entity communicatively coupled to the head-end unit. The self-optimizing

network entity determines a network resource allocation plan for the first remote unit

and the second remote unit based on the isolation level. The network resource

allocation plan includes an allocation of network resources between the first remote

unit and the second remote unit.

Brief Description of the Drawings

[0007] FIG. 1 is a block diagram of an example of a distributed antenna

system ("DAS") configu red to optimize network resources according to one aspect of

the present disclosu re.

[0008] FIG. 2 is a block diagram of an example of a self-optimizing network

("SON") entity according to one aspect of the present disclosu re.

[0009] FIG. 3 is a flow chart of an example of a process for optimizing network

resources in a DAS according to one aspect of the present disclosu re.

[0010] FIG. 4 is a table that can store power isolation measurements between

remote units according to one aspect of the present disclosu re.

[001 1] FIG. 5 is a schematic diagram of an example of a network resource

allocation plan for the remote units of FIG. 1 according to one aspect of the present

disclosu re.

[0012] FIG. 6 is a schematic diagram of another example of a network

resource allocation plan for the remote units of FIG. 1 according to one aspect of the

present disclosu re.



[0013] FIG. 7 is a schematic diagram of another example of a network

resource allocation plan for the remote units of FIG. 1, where remote units radiate

copies of cells in a simulcast mode.

Detailed Description

[0014] Certain aspects and featu res relate to optimizing the use of network

resources in a telecommunications system to minimize signal interference between

two or more components within the system. For example, a pair of remote units in a

distributed antenna system ("DAS") can measure signal isolation levels that can

indicate the amount of signal interference between the remote units at a given

frequency. A self-optimizing network ("SON") entity within the DAS can use the

measured isolation levels to determine whethe r the two remote units should be set to

radiate signals using the same network resources or different network resources. By

repeating the analysis among multiple remote units in the DAS, the SON entity can

optimize the available network resources to achieve desired performance

characteristics, such as lower inter-cell interference within the DAS.

[0015] Optimizing available network resources in the DAS can improve the

overall performance of the DAS. For example, certain wireless service areas, such

as wireless service areas in rural regions, may have a substantial portion of user

equipment devices located at the edges of the cell sites. Optimizing available

network resources by limiting signal interference among remote units at the edges of

cell sites can improve the overall reliability of network connection and reduce

network latency for the user equipment devices. Network resources can be

optimized in this manner for any network that uses frequency re-use technologies,

such as LTE.



[0016] Optimizing the network resources in the DAS can also improve the

spectral efficiency within each cell. For example, a telecommunications system can

have limited bandwidth available for transmission of information between different

components of the system. By efficiently re-using network resources among remote

units that have high signal isolation levels, more information can be transmitted

through the system, which can result in faste r connections and higher data rates for

user equipment devices.

[0017] 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 desc ribe various additional aspects and

examples with reference to the drawings in which like numerals indicate like

elements, and directional desc riptions are used to desc ribe the illustrative examples

but, like the illustrative examples, should not be used to limit the present disclosu re.

[0018] FIG. 1 shows an example of a DAS 100 that can optimize frequency

use in the network according to aspects and featu res of the subject matter desc ribed

herein. The DAS 100 can include a SON entity 104 communicatively coupled to a

head-end unit 102. The head-end unit 102 can include a testing module/sub-system

112. The head-end unit 102 and SON entity 104 can communicate with base

transceive r stations 108a-d. Each of the base transceive r stations 108a-d can be

responsible for managing cellula r communications for remote units of diffe rent cell

sites. For example, remote units 106a-d (labeled as "RU" in FIG. 1) can be part of a

f irst cell site and associated with base transceive r station 108a, remote units 106e-h

can be part of a second cell site and associated with base transceive r station 108b,

remote units 106 can be part of a third cell site and associated with base

transceive r station 108c, and remote units 106m-p can be part of a fourth cell site



and associated with base transceive r station 108d. Each remote unit 106a-p can

provide wireless coverage within the corresponding cell site by providing wireless

communication information to mobile users within the cell site.

[0019] The head-end unit 102 can receive downlink signals pertaining to

wireless communication information from the base transceive r stations 108a-d and

transmit uplink signals to the base transceive r stations 108a-d. Any suitable

communication link can be used for communication between base transceive r

stations 108a-d and the head-end unit 102. Examples of a suitable communication

link include a wired link, a wireless link, a direct link, and an indirect link. A direct link

can include, for example, a connection via a coppe r, optical fiber, or other suitable

communication medium. In some aspects, the head-end unit 102 can include an

external repeate r or internal RF transceive r to communicate with the base

transceive r stations 108a-d. In some aspects, the head-end unit 102 can combine

downlink signals received from two or more base transceive r stations 108a-d. The

head-end unit 102 can transmit the combined downlink signals to one or more of the

remote units 106a-p.

[0020] In some aspects, the SON entity 104 and the head-end unit 102 can

communicate with the base transceive r stations 108a-d via a shared Network

Management System ("NMS") (not shown). The NMS can communicate to and

manage aspects of the head-end unit 102 and the base transceive r stations 108a-d.

[0021] Each of the remote units 106a-p can measure the amount of over-the-

air isolation with respect to one or more othe r remote units in the DAS 100. The

testing module/sub-system 112 in the head-end unit 102 can also measure the

amount of isolation between remote units 106a-p. The amount of isolation between

a pair of the remote units 106a-p can indicate the amount of signal interference



caused by the proximity of the remote units. A high isolation measu rement can

indicate low signal interference and a low isolation measu rement can indicate higher

signal interference. Isolation level 110a represents the amount of isolation between

remote unit 106a and remote unit 106b, isolation level 110b represents the amount

of isolation between remote unit 106a and remote unit 106c, and isolation level 110c

represents the amount of isolation between remote unit 106a and remote unit 106d.

[0022] In addition to measu ring RF power isolation, a propagation delay

measu rement can also be made to indicate the distance between at least two remote

units. A specific test signal can be gene rated by one of the remote units 106a-p or

by the testing module/sub-system 112. The test signal can have sufficient auto¬

correlation prope rties suitable to measu re a time delay of signal propagation from at

least a first remote unit to a second remote unit. The test signal can be used by a

second remote unit or by the testing module/sub-system 112 to measu re the

propagation delay between at least two remote units. While the testing module/sub¬

system 112 is shown in the head-end unit 102 for illustrative purposes, in othe r

aspects, each remote unit 106a-p can include a testing module/sub-system that

functions simila r to the testing module/sub-system 112 included in head-end unit

102. For example, the test signal can be gene rated by a testing module/sub-system

included in remote units 106a-p. Remote units receiving the test signal can receive

the test signal via testing module/sub-systems included in the receiving remote units.

[0023] The SON entity 104 can optimize frequency use in the DAS 100 by

allocating netwo rk resou rces to the remote units 106a-p based on the measu red

isolation levels between remote units or based on the propagation delay

measu rements. Alte rnatively, the measu red isolation levels and the propagation

delay measu rements can be used in conjunction by the SON entity 104 to apply a



network allocation scheme for the remote units 106a-p. A network resource can

refer to any component or signal used to carry information through the

telecommunications system. One example of a network resource is a physical

resource block in an LTE environment. Anothe r example of a network resource is an

orthogonal frequency-division multiplexing symbol. Network resources can also

include the assignments of specific antenna ports of base transceive r stations 108a-

d (e.g., assignments of the signal radiated from a given antenna port of a MIMO

base transceive r station).. Other network resources can also be used, such as in

non-LTE or multiple carrier systems, such as multiple carriers associated to multiple

sectors operating on the same frequency.

[0024] The SON entity 104 can partition network resources among the remote

units 106a-p by sending a network resource allocation plan either to the head-end

unit 102 or the base transceive r stations 108a-d. Any suitable communication link

(e.g. Ethernet link) can be used for communicating between the SON entity 104 and

the head-end unit 102 and between the SON entity 104 and the base transceive r

stations 108a-d. As mentioned above, the head-end unit 102 and SON entity 104

can also communicate via a common NMS. While FIG. 1 shows SON entity 104 as

a separate device from the head-end unit 102 for illustrative purposes, the SON

entity 104 can also be included within the head-end unit 102 in some aspects.

[0025] Any suitable computing system or group of computing systems can be

used to implement the SON entity 104. For example, FIG. 2 is a block diagram

depicting an example of the SON entity 104 in DAS 100. The SON entity 104 can

include a processing module 202 that is coupled to a memory 208 and that executes

compute r-executable program code and/or accesses information stored in the

memory 208. The processing module 202 may comprise a microprocesso r, an



application-specific integrated circuit ("ASIC"), a field-p rogrammable gate array

("FPGA"), or other suitable processo r. The processing module 202 may include one

processor or any number of processo rs. The processing module 202 can include or

may be in communication with a compute r-readable medium storing instructions that,

when executed by the processing module 202, cause the processing module 202 to

perfo rm the ope rations desc ribed herein.

[0026] The memory 208 can include any suitable compute r-readable medium.

The compute r-readable medium can include any electronic, optical, magnetic, or

other storage device capable of providing a processo r with compute r-readable

instructions or other program code. Non-limiting examples of a compute r-readable

medium include a magnetic disk, memory chip, ROM, RAM, an ASIC, a configu red

processo r, optical storage, magnetic tape or other magnetic storage, or any other

medium from which a compute r processo r can read instructions. The instructions

may include processo r-specific instructions gene rated by a compile r and/or an

interp reter from code written in any suitable compute r-programming language,

including, for example, C, C++, C#, Visual Basic, Java, Python, Perl , JavaSc ript, and

ActionSc ript.

[0027] The SON entity 104 can also include a communications interface 204

for communicating with the head-end unit 102. The communications interface 204

can include any suitable hardware for connecting to head-end unit 102 via a wired or

wireless link. For example, communications interface 204 can include

communication ports for optical fibe r, Ethernet, or other suitable wired

communication mediums. The communications interface 204 can also include an

RF transceive r to communicate with the head-end unit 102 wirelessly. In one

aspect, the communications interface 204 can include an application programming



interface ("API") for interfacing with a processor in the head-end unit 102. Signals

received from the head-end unit 102 can be provided to a processing module 202 via

the communications interface 204. For example, isolation levels 110a-c sent to the

head-end unit 102 can be provided to the processing module 202 via the

communications interface 204.

[0028] The SON entity 104 can also include a base transceive r station

interface 206 (labeled as "BTS interface" in FIG. 2) for communicating with the base

transceive r stations 108a-d. Similar to the communications interface 204, the base

transceive r station interface 206 can include any suitable hardware for connecting to

base transceive r stations 108a-d through wired or wireless links. The base

transceive r station interface 206 can also include a separate API for communicating

with schedule rs in base transceive r stations 108a-d. The base transceive r station

interface 206 can also combine signals received from the base transceive r stations

108a-d and provide the combined signals to the processing module 202. In anothe r

aspect, the base transceive r station interface 206 can provide separate signals from

each base transceive r station 108a-d to the processing module 202.

[0029] The SON entity 104 can communicate with remote units 106a-p via the

head-end unit 102. The SON entity 104 can also be coupled to the testing

module/sub-system 112 in the head-end unit 102. The testing module/sub-system

112 can communicate information regarding isolation level measurements among

remote units and propagation delay measurements between remote units to the

SON entity 104.

[0030] Isolation levels determined by the remote units 106a-p or the testing

module/subsystem at the DAS head-end unit 102 can be provided to the SON entity

104 via the communications interface 204. Program code executed by processing



module 202 can allow the SON entity 104 to determine a network resource allocation

plan for the DAS 100 based on the signal isolation levels provided from remote units

106a-p.

[0031] FIG. 3 depicts a flowcha rt of a process for determining a network

resource allocation plan according to one aspect of the present disclosu re. In block

302, a test signal can be generated in a downlink band. For example, SON entity

104 can instruct, via a head-end unit 102, remote unit 106b to generate a radio

frequency test tone on a specific downlink frequency of interest. In another aspect,

the testing module/sub-system 112 can generate a test signal. As isolation levels

between remote units can vary depending on the frequency of the signals the remote

units are transmitting and receiving, the SON entity 104 can instruct remote unit

106b or a testing module/sub-system to gene rate multiple test tones on a range of

frequencies in a frequency band.

[0032] The test signal can be a continuous wave C ) tone at a given

frequency, multiple CW tones at different frequencies, one or multiple

modulated/complex wideband signal of a particular radio standard (e.g. LTE). In

case of CW tones the measurement receiver can simply measure the RMS (root

mean square) power at each frequency. In case of modulated/complex test signals,

the receiver can also demodulate the signals, including the

pilot/control/synch ronization tones according the specific radio standard, and

measure the frequency selectivity of a wideband channel.

[0033] The SON entity 104 can use these wideband channel measurements

to derive frequency-selective isolation information for allocating the resources with a

higher frequency resolution.



[0034] In block 304, the test signal can be radiated. In one aspect, if remote

unit 106b generated the test signal, then the same remote unit 106b can radiate the

test signal to neighboring remote units. In another aspect, if the testing module/sub¬

system 112 gene rated the test signal, the testing module/sub-system 112 can

provide the test signal to one or more remote units 106a-p, which can then radiate

the test signal to neighboring remote units. The test signal can also be radiated by

multiple remote units 106a-p simultaneously and received by multiple neighboring

remote units.

[0035] In block 306 a remote unit can receive the test signal. For example,

remote unit 106a can receive the test signal generated by the remote unit 106b or by

the testing module/sub-system 112. The SON entity 104 can instruct the remote unit

106a that it will be receiving an incoming test signal. Alternatively, remote unit 106a

can be designed to detect incoming test signals without any instruction from SON

entity 104. For example, the test signal generated by remote unit 106b or the testing

module/sub-system 112 can include control information that can inform remote unit

106a it is the intended recipient of the transmission and that the transmission

includes a test signal for frequency planning. As such the test signal can be

equivalent to a complex downlink signal of a base transceive r station and the

receiving remote unit 106a can operate as a test mobile terminal decoding only the

information intended for it. Remote unit 106a can receive multiple test signals of

varying frequencies in a frequency band in order to dete rmine isolation levels for

each frequency of interest.

[0036] In block 308, an isolation level is determined based on the test signal.

The isolation level can be determined in various ways. For example, the remote unit

that received the test signal can determine the isolation level by measuring the



power level of the test signal. In another aspect, the test signal can be provided to

the testing module/sub-system 112, which can also measure the test signal power

level to determine the isolation level. As the measured power level indicates the

signal strength of the transmission, the measured power level can correspond to the

isolation level in decibels. A test signal with a high power level can indicate a high

isolation level, whereas a test signal with a low power level can indicate a low

isolation level. The power level of the test signal can be measured via a dedicated

power meter device in the remote unit that can determine the test signal power in a

wide frequency range. The power level can also be measured using a spectrum

analyzer or vector signal analyzer.

[0037] For example, remote units 106b-d can determine isolation levels 110a-

c using the remote unit 106a. Remote unit 106a can generate a test signal in a

downlink band in a given frequency and transmit the test signal to remote units 106b-

d. The testing module/sub-system 112 can also generate a test signal in a downlink

band, in a given frequency, provide the test signal to remote unit 106a, which can

radiate the test signal to remote units 106b-d. Remote unit 106b can determine the

isolation level 110a based on the measured power level of the test signal. Similarly,

remote units 106c-d can determine isolation levels 110b-c, respectively, based on

the measured power levels from of the test signal transmitted by remote unit 106a.

Remote units 106b-d can transmit the measured isolation levels 110a-c to the SON

entity 104 via head-end unit 102.

[0038] In another aspect, the DAS 100 can include a dedicated power meter

or other power measuring device external to the remote units 106a-p. A dedicated

power measuring device can measure the isolation levels of each remote unit pair as

described above, allowing the individual remote units 106a-p to provide wireless



coverage without dedicating resources to determine isolation levels. In another

aspect, a central testing module/sub-system at the head-end unit 102 can measure

the isolation levels of each remote unit pair.

[0039] An isolation level can also be determined via a mobile terminal walk

test. A mobile terminal can generate an uplink test signal to be received and

measured by one or more remote units or the central testing module/sub-system. For

each mobile terminal position, the remote units can receive different power levels

that are associated with the same uplink signal. The difference between these

measured power levels is also an indication of the isolation level between the remote

units for each position of the test mobile terminal. The SON entity 104 can also use

this information to determine a network resource allocation plan for the remote units.

[0040] In another aspect, an isolation level can be determined by the mobile

terminal by measuring power levels of downlink test signals transmitted by nearby

remote units. For example, each remote unit can transmit a respective downlink test

signal, each downlink test signal on a slightly different frequency. A mobile terminal

can receive the downlink test signals from different remote units for the current

position of the mobile terminal. Because each downlink test signal can be

transmitted at a slightly different frequency, the mobile terminal can distinguish the

received downlink test signals. The mobile terminal can measure the power levels of

each received downlink test signal and record the measured power levels in a

memory device. The mobile terminal can provide the measured power levels along

with the position information for the mobile terminal to the SON entity 104. The SON

entity 104 can use the measured power levels as reported by different mobile

terminals connected to the DAS to determine a network resource allocation plan.



[0041] In block 310, a network resource allocation plan is determined fo r the

first remote unit and the second remote unit based on the isolation level. For

example, the SON entity 104 can determine a network resource allocation plan for

different pairs of remote units for different frequency bands. The SON entity 104 can

receive the isolation level reports from the remote units 106a-p and store the

isolation level reports in a software-implemented database. For example, the SON

entity 104 can store isolation level measurements in a two-dimensional software

array in a non-volatile memory or random access memory. The two-dimensional

software array can be visualized as a table. FIG. 4 shows an example of a table that

contains power isolation measurements between remote units at a given frequency.

The SON entity 104 can populate the two-dimensional array with the power isolation

measurements performed by the DAS 100 for each pair of remote units 106a-p at a

given carri er frequency. The same table can be defined for each carr ier frequency of

interest. While a two-dimensional software array is described for illustrative

purposes, the SON entity 104 can implement any suitable software data structure,

including a hash table or other associative array.

[0042] The SON entity 104 can use the isolation level measurements among

different remote units to determine the network resource allocation plan for each

remote unit pair. In one aspect, the SON entity 104 can determine different network

resource allocation plans based on whethe r an isolation level for a remote unit pair

meets a minimum isolation threshold. A minimum amount of signal isolation

between two remote units for a given frequency can be defined by the SON entity

104 as an isolation threshold. The SON entity 104 can determine the isolation

threshold by analyzing the layout of remote units 106a-p in the DAS 100 and

comparing the various isolation levels calculated by each remote unit pair and stored



in the isolation level table. The SON entity 104 can select an isolation level that falls

at a certain percentile in the isolation table as the isolation threshold. For example,

after comparing the isolation levels among the various remote units 106a-p, the SON

entity 104 can set the isolation threshold as the isolation level that falls in the 20 h

percentile in the isolation table. The SON entity 104 can be designed to select

isolation thresholds at varying percentile ranges depending on the signal

characteristics desired in the DAS 100.

[0043] The isolation threshold can also be pre-determined based on specific

key performance indicators provided by a network management system. In othe r

cases a statistical analysis on a large data set can be performed by the SON entity

104. The SON entity 104 can correlate isolation levels and network resource

allocation plans with key performance indicators like data throughput and reported

channel quality parameters, which can be sourced from the base transceive r stations

using a communication interface.

[0044] If two remote units achieve an isolation level greater than the isolation

threshold, then the high isolation level can signify that the remote units are spatially

separated so as not to interfere with each other above an acceptable amount. A

high isolation level can also indicate that the two remote units are separated through

a physical barrier, such as a wall or a ceiling of a building. If two remote units have

an isolation level lower than the isolation threshold, then the isolation level can

signify signal interference between the remote units caused by close proximity.

[0045] When the isolation level between two remote units exceeds the

isolation threshold, the network resource allocation plan determined by the SON

entity 104 can include a default cell planning scheme for the remote units. By

maintaining the default cell planning scheme, the SON entity does not adjust the



resource allocation among the remote units and allows the base transceiver stations

08a-d and head-end unit 02 to use a standard defined network resource allocation

plan.

[0046] In another aspect, when the isolation level between two remote units

exceeds the isolation threshold, the network resource allocation plan determined by

the SON entity 04 can include a frequency re-use scheme. In a frequency re-use

scheme, two remote units can radiate signals using the same network resources

(e.g., instructing the two remote units to transmit on the same frequencies).

Because a high isolation level was measured between the two remote units, the

likelihood of signal interference is low. FIG. 5 shows an example of remote units

06a-p in the DAS of FIG. where the network resource allocation plan includes a

frequency re-use scheme. As in FIG. , remote units 06a-d can be associated with

a first cell site, remote units 06e-h can be associated with a second cell site, remote

units 06 -Ι can be associated with a third cell site, and remote units 06m-p can be

associated with a fourth cell site. Each adjacent remote unit pair among remote

units 06a-p can have isolation levels higher than an isolation threshold, thus

allowing the SON entity 04 to allocate the same frequencies across remote units

and cell sites. In this aspect, two remote units may receive different cell signals

(e.g., from different base transceiver stations) using the same network resources.

[0047] If a minimum isolation threshold is not met between two remote units,

the network resource allocation plan can include an allocation of different network

resources to the remote units. FIG. 6 shows an example of the remote units 06a-p

of FIG. where the isolation levels between the remote units in each cell do not

meet the isolation threshold. In this example, the frequency available in the

spectrum can be divided into four resource groups (shown as resource groups -4).



Each resource group 1-4 can be associated with a given frequency or a frequency

range. As remote units 106a-b measure an isolation level lower than the isolation

threshold, remote unit 106a is allocated the network resources in resource group 4

and remote unit 106b is allocated the network resources in resource group 3.

Similarly, remote units 106c-d, also associated with cell 1, are allocated resource

groups 3 and 4, respectively. Thus, the network resource allocation plan in this

example divides the network resources among each remote unit 106a-d (associated

with the first cell site).

[0048] Resource groups 1-4 can be re-used, howeve r, among remote unit

pairs that have isolation levels higher than the isolation threshold. For example, in

FIG. 4, as remote unit 106b is positioned between remote units 106a, 106e, remote

units 106a, 106e can have a high isolation level. The network resource allocation

plan can include an allocation of the network resources defined by group 4 to remote

units 106a, 106e. Thus, remote units 106a, 106e share the same network

resources. A similar planning scheme can be used for resource groups 1-3 and

across each cell site, such that network resources are shared but no two adjacent

remote units share the same network resources.

[0049] The network resource allocation plan can be implemented by sending

instructions to either the base transceive r stations 108a-d or head-end unit 102 to

partition the available network resources to different remote units according to the

network resource allocation plan. The network resources can be partitioned among

remote units within the same cell or among remote units of different cells.

Additionally, the SON entity 104, base transceive r stations 108a-d, or the head-end

unit 102 can instruct the remote units 106a-p to radiate signals only on specific

network resources in accordance with the network resource allocation plan.



[0050] For example, through an API, the SON entity 104 can instruct

schedule rs for each base transceive r station 108a-d how to partition network

resources among the different remote units 106a-p across the different cells, as well

as among remote units of a given cell. For example, the SON entity 104 may

instruct the scheduler of each base transceive r station 108a-d to use a subset of

available network resources in a given cell or for a group of remote units. The

schedule r and the related physical layer of each base transceive r station 108a-d may

then generate transmit signal frames with only the selected network resources active

and the other network resources inactive. Through a separate API, the SON entity

104 can instruct the head-end unit 102 to route the generated transmit signal frames

to remote units 106a-p according to the network resource allocation plan.

Alte rnatively, transmit signal frames may be generated by head-end unit 102.

Similar to the instructions to the base transceive r stations 108a-d sent by the SON

entity 104, the SON entity 104 can instruct the head-end unit 102 to use a subset of

available network resources for specific remote units in a given cell or groups of

remote units across different cells.

[0051] In another aspect, the network resources being allocated can include

assignments of specific antenna ports of the base transceive r stationsl 08a-d. In this

aspect, when the isolation level between two remote units exceeds the isolation

threshold, the antenna ports among base transceive r stations 108a-d can be

assigned in a co-located MIMO configu ration (e.g., each antenna port of base

transceive r stations 108a-d assigned to the same remote unit). Remote units

receiving MIMO transmissions can have multiple co-located antenna ports for

receiving the transmissions. When the isolation level between the two remote units

is lower than the isolation threshold, the antenna ports among base transceive r



stations 108a-d can be assigned in an interleaved MIMO configu ration (e.g., different

antenna ports can be assigned to different remote units). In an interleaved MIMO

configuration, the receiving remote units can have a single antenna port (Single-

Input Single-Output remote units).

[0052] In another aspect, if a minimum isolation is not met between two

remote units, the SON entity 104 can assign the two remote units to a single cell.

Signals from the cell can be simulcast across the two remote units by configuring the

remote units to radiate copies of the same signals from the cell. For example, FIG. 7

shows an example of remote units 106a-p in the DAS of FIG. 1 whe re the network

resource allocation plan includes cell simulcast schemes. The network environment

shown in FIG. 7 depicts barriers 710a-c that can isolate signals radiated by remote

units 106a-p. For example, signals radiated by remote units 106a-d can be isolated

from signals radiated by remote units 106e-p. Similarly, signals radiated by remote

units 106e-h can be isolated from signals radiated by remote units 106a-d and 106i-

p. Signals radiated by remote units 106i-l can be isolated from signals radiated by

remote units 106a-h and remote units 106m-p. And signals radiated by remote units

106m-p can be isolated from signals radiated by remote units 106a-l.

[0053] Minimum signal isolation may not, however, be present between

remote units in a given area. For example, minimum isolation may not be met

between remote 106a-d. Similarly, minimum isolation may not be met between

remote units 106e-h. Minimum isolation also may not be met between remote units

106i-l. Further, minimum isolation may not be met between remote units 106m-p. In

response, the SON entity 104 can assign a network resource allocation plan where

remote units that do not meet the minimum isolation threshold are assigned to a

single cell. For example, remote units 106a-d can be assigned to internal cell 702,



remote units 106e-h can be assigned to internal cell 704, remote units 106 can be

assigned to internal cell 706, and remote units 106m-p can be assigned to internal

cell 708. Copies of signals from each cell can be radiated by the remote units

assigned to the cell.

[0054] While the present subject matter has been desc ribed in detail with

respect to specific aspects and featu res 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 featu res.

Acco rdingly, it should be understood that the present disclosu re has been presented

for purposes of example rather than limitation, and does not preclude inclusion of

such modifications, variations and/o r additions to the present subject matter as

would be readily apparent to one of ordina ry skill in the art .



Claims

What is claimed is:

1. A method, comprising:

generating a test signal in a downlink band;

radiating, by a first remote unit in a distributed antenna system, the test signal;

receiving, by a second remote unit in the distributed antenna system, the test

signal;

determining an isolation level based on the test signal; and

determining a network resource allocation plan for the first remote unit and the

second remote unit based on the isolation level, the network resource allocation plan

including an allocation of network resources among the first remote unit and the

second remote unit.

2. The method of claim 1, whe rein determining the isolation level includes

measuring a power level of the test signal.

3. The method of claim 1, further comprising:

defining an isolation threshold indicating a minimum isolation level between

the first remote unit and the second remote unit; and

determining whethe r the isolation level exceeds the isolation threshold.

4. The method of claim 3, wherein the network resource allocation plan includes

a default plan when the isolation level exceeds the isolation threshold.



5. The method of claim 3, further comprising implementing the network resource

allocation plan by instructing the first remote unit and the second remote unit to

receive respectively different signals using the same network resources when the

isolation level exceeds the isolation threshold.

6. The method of claim 3, further comprising implementing the network resource

allocation plan by instructing the first remote unit and the second remote unit to

radiate signals using the same network resources when the isolation level exceeds

the isolation threshold.

7. The method of claim 3, further comprising implementing the network resource

allocation plan by instructing the f irst remote unit to radiate signals using a first

subset of the network resources and configuring the second remote unit to radiate

signals using a second subset of the network resources when the isolation level

does not exceed the isolation threshold.

8. The method of claim 7, further comprising: instructing a base transceiver

station to partition the network resources among the first remote unit and the second

remote unit according to the network resource allocation plan.

9. A non-transitory compute r readable medium with program code recorded

thereon, said program code comprising:

program code for defining an isolation threshold indicating a minimum

isolation level between a first remote unit of a distributed antenna system and a

second remote unit of the distributed antenna system; and



prog ram code for determining a network resource allocation plan for the first

remote unit and the second remote unit based on the isolation threshold and an

isolation level provided by the first remote unit, the network resource allocation plan

including an allocation of network resources among the first remote unit and the

second remote unit.

10. The non-transitory computer readable medium of claim 9, wherein the

network resource allocation plan includes a default plan when the isolation level

exceeds the isolation threshold.

11. The non-transitory computer readable medium of claim 9, wherein the first

remote unit and the second remote unit are configured to provide wireless

communication information within a cell site.

12. The non-transitory computer readable medium of claim 11, wherein the

network resource allocation plan includes an allocation of a first subset of network

resources to the first remote unit and a second subset of network resources to the

second remote unit when the isolation level does not exceed the isolation threshold.

13. The non-transitory computer readable medium of claim 9, wherein the

network resource allocation plan includes an allocation of the same network

resources among the first remote unit and the second remote unit when the isolation

level exceeds the isolation threshold.



14. A distributed antenna system, comprising:

a head-end unit;

a first remote unit configured to measure a power level of a test signal

received from a second remote unit and determine an isolation level based on the

power level, the first remote unit and the second remote unit communicatively

coupled to the head-end unit; and

a self-optimizing network entity communicatively coupled to the head-end unit,

the self-optimizing network entity configured to determine a network resource

allocation plan for the first remote unit and the second remote unit based on the

isolation level, the network resource allocation plan including an allocation of network

resources between the first remote unit and the second remote unit,

wherein the distributed antenna system is configured to transport wireless

communication information between a base station and the first remote unit and the

second remote unit, wherein the first remote unit is configured to provide the wireless

communication information within a first cell site, and wherein the second remote unit

is configured to provide the wireless communication information within a second cell

site.

15. The distributed antenna system of claim 14, wherein the self-optimizing

network entity is further configured to define an isolation threshold indicating a

minimum isolation level between the first remote unit and the second remote unit and

determine whethe r the isolation level exceeds the isolation threshold.



16. The distributed antenna system of claim 15, wherein the network resource

allocation plan includes a default plan when the isolation level exceeds the isolation

threshold.

17. The distributed antenna system of claim 15, wherein the first remote unit and

the second remote unit are configured to receive copies of the same signal using the

same network resources when the isolation level exceeds the isolation threshold.

18. The distributed antenna system of claim 15, wherein the first remote unit and

the second remote unit are configured to radiate signals using the same network

resources when the isolation level exceeds the isolation threshold.

19. The distributed antenna system of claim 15, wherein the first remote unit and

the second remote unit are configured to radiate signals using different network

resources when the isolation level does not exceed the isolation threshold.

20. The distributed antenna system of claim 15, wherein the first remote unit and

the second remote unit are configured to radiate copies of a same signal when the

isolation level does not exceed the isolation threshold.
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