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(57) ABSTRACT

Systems for dynamic reallocation of bandwidth and modula-
tion protocols 1s provided. In one embodiment, a radio head
interface module comprises: a transmit builer adapted to
receive a data stream from a signal processing module and
store the data stream as a page of data samples having a page
header; a transmit engine; a digital upconverter, the transmit
engine adapted to transier the page of data samples from the
transmit buifer to the digital upconverter; a configuration
management unit adapted to receive reconfiguration informa-
tion from the signal processing module, the reconfiguration
information including at least one of air interface protocol
parameters and bandwidth allocation information; and a
memory adapted with digital upconverter parameters. The
confliguration management unit 1s accesses the memory to
lookup associated digital upconverter parameters based on
the reconfiguration information. The configuration manage-
ment unit 1s further adapted to output the associated digital
upconverter parameters to the digital up converter.
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1

DYNAMIC REALLOCATION OF
BANDWIDTH AND MODULATION
PROTOCOLS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of application Ser. No.
11/094,947 filed on Mar. 31, 2005 row U.S. Pat. No. 7,640,

019, issued Dec. 29, 2009, entitled “DYNAMIC REALLO-
CATION OF BANDWIDTH AND MODULATION PRO-
TOCOLS” (currently pending) which 1s hereby incorporated
herein by reference.

This application 1s related to the following co-pending
United States patent applications filed on Mar. 31, 2005, all of
which are hereby incorporated herein by reference:

U.S. patent application Ser. No. 11/095,788, filed on Mar.
31, 2005 and entitled “DYNAMIC FREQUENCY HOP-
PING””) and which 1s referred to here as the 672 Application;

U.S. patent application Ser. No. 11/095,628, filed on Mar.
31, 2005 and entitled “DYNAMIC DIGITAL UP AND
DOWN CONVERTERS” and which is referred to here as the
"673 Application;

U.S. patent application Ser. No. 11/095,789, filed on Mar.
31, 2005 and entitled “DYNAMIC RECONFIGURATION
OE‘ RESOURCES THROUGH PAGE HEADERS” and
which 1s referred to here as the "675 Application;

U.S. patent application Ser. No. 11/094,848, filed on Mar.
31, 2005 and entitled “SIGNAL ENHANCEMENT
THROUGH DIVERSITY” and which 1s referred to here as
the 676 Application;

U.S. patent application Ser. No. 11/095,111, filed on Mar.
31, 2005 and entitled “SNMP MANAGEMENT IN A SOFT-
WARE DEFINED RADIO” and which 1s referred to here as
the *677 Application;

U.S. patent application Ser. No. 11/095,112, filed on Mar.
31, 2005 and entitled “TIME STAMP IN THE REVERSE
PATH” and which 1s referred to here as the 678 Application;

U.S. patent application Ser. No. 11/094,949, filed on Mar.
31, 2005 and entitled “BUFFERS HANDLING MULTIPL.
PROTOCOLS” and which 1s referred to here as the 679
Application;

U.S. patent application Ser. No. 11/095,113, filed on Mar.
31, 2005 and entitled “TIME START IN THE FORWARD
PATH” and which 1s referred to here as the 680 Application;

U.S. patent application Ser. No. 11/094,950 filed on Mar.
31, 2005 entitled “LOSS OF PAGE SYNCHRONIZATION”

and which 1s referred to here as the 681 Application;

U.S. patent application Ser. No. 11/094,907, filed on Mar.
31, 2005 and entitled “DYNAMIC READJUSTMENT OF
POWER” and which 1s referred to here as the “685 Applica-
tion;

U.S. patent application Ser. No. 11/095,130, filed on Mar.
31, 2005 and entitled “METHODS AND SYSTEMS FOR
PANDLING UNDERFLOW AND OVERFLOW IN A
SOFTWARE DEFINED RADIO” and which 1s referred to
here as the 686 Application; and

U.S. patent application Ser. No. 11/095,779, filed on Mar.
31, 2005 and entitled “INTEGRATED NETWORK MAN-
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AGEMENT OF A SOFTWARE DEFINED RADIO SYS-
TEM” and which 1s referred to here as the 700 Application.

TECHNICAL FIELD

The following description relates to communication sys-
tems and 1n particular to wireless communication systems.

BACKGROUND

Many changes are taking place in the way wireless com-
munication networks are being deployed. Some of the
changes are being driven by the adoption of new mobile
communications standards. The introduction of software
defined radios to wireless telecommunications has led to the
generation of software and hardware solutions to meet the
new standards. Current mobile communication standards
introduce physical and logical channels and pose new 1ssues
in the transport of mformation within the communication
networks.

A software defined radio (SDR) uses software for the
modulation and demodulation of radio signals. The use of
reprogrammable software allows key radio parameters, such
as Irequency and modulation protocols to be modified with-
out the need to alter the underlying hardware of the system.
Additionally, SDRs allow a single device to support multiple
configurations which previously would have required mul-
tiple hardware devices. One example of a software defined
radio 1s the Vanu Software Radio produced by Vanu, Inc. (See
U.S. Pat. No. 6,654,428).

One problem with current mobile communication stan-
dards 1s the number of distinct modulation standards that may
be 1n use within a geographic region and the ability for wire-
less communication network providers to adapt their network
hardware for the various protocols. Current modulation stan-
dards that a wireless communication network may operate
with includes, but 1s not limited to, Advanced Mobile Phone
System (AMPS), code division multiple access (CDMA),
Wide-band CDMA (WCDMA), time division multiple
access (IDMA), Global System for Mobile communications
(GSM), Cellular Digital Packet Data (CDPD), Enhanced
Data rates for GSM Evolution (EDGE), General Packet
Radio Service (GPRS), Integrated Digital Enhanced Network
(1DEN), and Orthogonal Frequency Division Multiplexing
(OFDM). Purchasing hardware designed to operate with only
a single standard results 1n 1dle resources at times when net-
work demand for that modulation standard 1s low. To avoid
the expenses associated with operating and maintaining hard-
ware dedicated to each standard, there i1s a need 1n the art
today for communications network hardware that 1s modula-
tion standard independent and can be dynamically reconfig-
ured to support modulation standards based on the current
demands on the network and operate with multiple standards
simultaneously.

Another problem 1s that wireless communication transmis-
sions are no longer limited to voice data, but now carry a
spectrum of data from text messaging to real time streaming,
video from the Internet. Communications such as streaming
video require significantly more bandwidth than transmaitting
a text message. However, when a logical channel 1s config-
ured to support wide bandwidth communication data, avail-
able bandwidth 1s wasted when that same channel 1s used to
carry lower bandwidth communications data (e.g. a short text
message). There 1s a need 1n the art today for communication
network hardware which has the ability to dynamaically allo-
cate radio bandwidth based on the type of data being trans-
mitted.
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For the reasons stated above, and for other reasons stated
below that will become apparent to those skilled 1n the art
upon reading and understanding the present specification,
there 1s a need 1n the telecommunications industry for solu-
tions for implementing dynamic protocol reconfiguration and
dynamic bandwidth reallocation for soitware defined radios.

SUMMARY

Embodiments of the present invention address the problem
of frequency coordination of base station components and
mobile devices implementing dynamic protocol reconfigura-
tion and dynamic bandwidth reallocation, as well as other
problems and will be understood by reading and studying the
tollowing specification.

In one embodiment, a radio head interface module com-
prises: a transmit butfer adapted to recerve a data stream from
a signal processing module and store the data stream as a page
of data samples having a page header; a transmit engine; a
digital upconverter, the transmit engine adapted to transier
the page of data samples from the transmait butfer to the digital
upconverter; a configuration management unit adapted to
receive reconfiguration information from the signal process-
ing module, the reconfiguration information including at least
one of air interface protocol parameters and bandwidth allo-
cation information; and a memory adapted with digital
upconverter parameters. The configuration management unit
1s accesses the memory to lookup associated digital upcon-
verter parameters based on the reconfiguration information.
The configuration management unit 1s further adapted to out-
put the associated digital upconverter parameters to the digi-
tal up converter.

DRAWINGS

The present invention 1s more easily understood and fur-
ther advantages and uses thereof more readily apparent, when
considered 1n view ol the description of the preferred embodi-
ments and the following figures in which:

FIGS. 1A, 1B and 1C are illustrations of a communications
system ol one embodiment of the present invention.

FI1G. 2 1s flow chart of one embodiment of dynamic proto-
col configuration of one embodiment of the present invention.

FIG. 3 1s flow chart of dynamic reallocation of bandwidth
of one embodiment of the present invention.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings that form a part hereotf, and in
which 1s shown by way of illustration specific illustrative
embodiments 1n which the invention may be practiced. These
embodiments are described 1n suificient detail to enable those
skilled 1n the art to practice the invention, and 1t 1s to be
understood that other embodiments may be utilized and that
logical, mechanical and electrical changes may be made with-
out departing from the spirit and scope of the present mnven-
tion. The following detailed description 1s, therefore, not to be
taken 1n a limiting sense.

Embodiments of the present imnvention provide methods
and systems to implement a bandwidth allocation and proto-
col selection function for mobile communications systems.

Embodiments of the present invention concern portions of
a cellular telecommunications network that typically com-
prises one or more cellular antennas, a remote unit (also
called a radio head) transmitting and recerving voice and/or
data communications over the cellular antennas, and a base
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station (also commonly called a base transceiver station
(BTS), or a server) that communicates data between the
remote unit and a larger communication network (e.g. the
public switched telephone network, or the Internet).

In some embodiments, communications between a BTS
and a remote unmit take place through two sets of data streams.
Typically, forward logical channels carry data from the BTS
through the radio head to an end user device. Reverse logical
channels carry data from end user devices through the radio
head to the BTS. Each logical channel 1s assigned a radio
frequency (RF) channel and a modulation protocol, which the
communications network uses to wirelessly communicate
data with individual cellular devices. Embodiments of the
present invention provide methods and systems for reconfig-
uring the modulation protocol and signal bandwidth alloca-
tion used by SDR logical channels. Details pertaining to
reconfiguring the radio frequency used by a SDR logical
channel are provided 1n the *672 Application herein incorpo-
rated by reference.

FIG. 1A 1s a block diagram of one embodiment of a com-
munication system shown generally at 100. Communication
system 100 includes one or more subscriber umts 102 (or
mobile devices 102) within a service area of a radio head unit
104. Radio head unit 104 1s coupled to one or more servers
110 (or BTS 110) over one or more transport mediums 111,
and 112. In one embodiment, transport mediums 111 and 112
comprise one or more high speed transport mediums. BTS
110 1s connected to one or more communication networks
120 (e.g. public switched telephone network (PSTN), Inter-
net, a cable network, or the like). In one embodiment, BTS
110 1s connected to one or more communications networks
through a base station controller (BSC) 118. One or more
cellular antennas 160, adapted for receiving cellular signals
from one or more subscriber units 102, are coupled to radio
head unit 104. In one embodiment, network 100 1s a bidirec-
tional network and as shown includes equipment for forward
links (1.e. transmissions on forward logical channels from
communications network 120 to mobile device 102) and
reverse links (1.e. transmissions on reverse logical channels
from mobile device 102 to communications network 120).

In some embodiments, additional reverse links are also
provided that duplicate the reverse logical channels. In some
embodiments, this set of duplicate reverse logical channels
are called diversity channels. It should be understood that
descriptions 1n this specification relating to embodiments of
reverse logical channels also apply to such diversity channels.
Further details pertaining to the advantages and operation of
diversity channels are provided in the *676 Application incor-
porated herein by reference.

BTS 110 includes a call processing software module 114
(or call processing soitware 114) that interfaces with one or
more communication networks 120. In one embodiment, call
processing software module 114 1s comprised of one or more
soltware applications. Call processing software module 114
also includes programming which implements an SDR with
the BTS 110 and radio head unit 104 hardware, digitally
performing wavelorm processing to modulate and demodu-
late radio signals transmitted and received, respectively, from
the cellular antennas 160. In one embodiment, call processing
software module 114 1s a Vanu, Inc., Vanu Software Radio.

In one embodiment, BTS 110 communicates with radio
head unit 104 through radio head interface module 106 (or
radio head iterface 106). In one embodiment, BTS 110 com-
prises a general purpose computer adapted with one or more
cards Tunctioming as radio head interface module 106. Radio
head interface module 106 establishes high speed digital
communication paths for two or more sets of base band data
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stream logical channels and all communication between BTS
110 and radio head unit 104 goes through radio head interface
106. In another embodiment, BTS 110 comprises a special-
1zed computing device that may include, but 1s not limaited to,
a digital signal processor.

Radio head intertace module 106, radio head unit 104, and
call processing soltware module 114, all handle multiple
types of modulation protocols, and 1n different embodiments,
one or more of the logical channels transmit data using a
different modulation protocol than another logical channel. In
one embodiment, radio head interface module 106, radio
head umt 104, and call processing software module 114,

handle modulation protocols for one or more of, but not
limited to, Advanced Mobile Phone System (AMPS), code

division multiple access (CDMA), Wide-band CDMA
(WCDMA), time division multiple access (TDMA), Global
System for Mobile communications (GSM), Cellular Digital
Packet Data (CDPD), Enhanced Data rates for GSM Evolu-
tion (EDGE), General Packet Radio Service (GPRS), Inte-
grated Digital Enhanced Network (1iIDEN), Orthogonal Fre-
quency Division Multiplexing (OFDM), or any other
appropriate modulation protocol. A modulation protocol 1s
commonly also referred to as an air interface standard, a
modulation standard, an air interface protocol, or an air inter-
face modulation protocol. For each logical channel, call pro-
cessing solftware module 114 performs modulation and
demodulation of forward and reverse logical channel voice
and data streams using one or more of the air interface stan-
dard protocols. In one embodiment, the forward and reverse
logical channel data streams carry complex RF data samples
representing voice and data communications. Some modula-

tion protocols operate on multiple bands. For example, the
GSM protocol can be implemented in the 850 MHz, 900

MHz, 1.8 GHz or 1.9 GHz bands. For such modulation pro-
tocols, each logical channel i1s configured to implement one
communications protocol within a specific bandwidth.

In one embodiment, radio head interface module 106 1s
coupled to BTS 110 through an interface device 116. In one
embodiment, interface device 116 1s one of, but not limited to
a PCI-X mterface, an ATCA interface, a PCI Express inter-
face, a Gigabit Ethernet interface, a SCSI interface, a Rocket
I/O interface, a UDP/IP link interface, a TCP/IP link inter-
face, a Serial ATA interface, a Card bus for PCMIA card
interface, a high speed serial interface or a high speed parallel
interface. During initial configuration of communication sys-
tem 100, digital up-converter (DUC) and digital down-con-
verter (DDC) parameters are loaded into radio head interface
106 for one or more of the protocols supported by radio head
unit 104. Such parameters include, but are not limited to, filter
coellicients, NCO frequencies, and sampling rates necessary
to support valid RF channel, signal bandwidth, signal gain,
and protocol configurations. Additional details regarding the
parameters, configuration and operation of DUCs and DDCs
are discussed i the 673 and *677 Applications, incorporated
herein by reference. In one embodiment, the parameters are
stored 1n a table 1n memory 136 1n radio head interface 106.

Embodiments of the present invention enable radio head
interface 106 to dynamically reconfigure a logical channel 1n
order to optimize the use of all available logical channels
given current demands for various supported protocols and
bandwidth allocations.

FIG. 1B 1illustrates one embodiment of a forward logical
channel 130-1 data path. A radio head interface forward logi-
cal channel comprises a transmit builer 128-1, a transmuit
engine 126-1, aDUC 122-1 and atime synchronizer 124-1. In
one embodiment, radio head interface card 106 comprises a
plurality of M forward logical channels 130-1 through 130-M
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cach having transmait buffers 128-1 through 126-M, transmit
engines 126-1 through 126-M, DUCs 122-1 through 122-M
and time synchronizers 124-1 through 124-M.

In one embodiment, radio head interface 106 1s dynami-
cally reconfigured to change modulation protocol for forward
logical channel 130-1. In operation, 1n one embodiment,
transmit buifer 128-1 contains a page of complex RF data
samples (received from call processing software module 114)
waiting for transmission to radio head unit 104. Transmit
engine 126-1 removes a page of complex data samples from
the transmit butler 128-1 and sends the data samples to DUC
122-1. In one embodiment, transmit engine 126-1 holds the
page of complex data samples until time synchronizer 124-1
determines that the current time matches a start time code
embedded within the page. When the two times match, trans-
mit engine 126-1 starts transmitting the page of complex data
samples to DUC 122-1.

In one embodiment, a configuration management unit 132
receives mformation from call processing soitware module
114 to reconfigure logical channel 130-1 for a new modula-
tion protocol. A configuration management unit 132 looks up
associated parameters for the modulation protocol from a
table located 1n amemory unit 136. Through a control channel
134, configuration management unit 132 loads appropriate
filter coetlicients and transfer rate to DUC 122-1. In one
embodiment, DUC 122-1 1s adapted with a buffer memory
that holds the parameters recerved from configuration man-
agement unit 132. In one embodiment, transmit engine 126-1
sends a synchronization signal to DUC 122-1 to load the
parameters from the buffer memory into DUC 122-1’s active
registers. Once the parameters are loaded into the active reg-
isters, logical channel 130-1 begins operation under the
modulation protocol specified by call processing software
114.

In one embodiment, radio head interface 106 1s dynami-
cally reconfigured to change the signal bandwidth allocation
for forward logical channel 130-1. In operation, in one
embodiment, configuration management unit 132 receives
information from call processing software module 114 to
reconfigure the signal bandwidth allocation for logical chan-
nel 130-1. Configuration management unit 132 looks up the
associated parameters for the new signal bandwidth alloca-
tion from the table located 1n memory unit 136. Through
control channel 134 configuration management unit 132
loads the appropniate parameters to DUC 122-1. In one
embodiment, DUC 122-1 1s adapted with a buffer memory
which holds the parameters recerved from configuration man-
agement unit 132. In one embodiment, transmit engine 126-1
sends a synchronization signal to DUC 122-1 to load the
parameters and sampling rates from buifer memory into DUC
122-1 s active registers. Once the parameters are loaded nto
the active registers, logical channel 130-1 1s ready to begin
operation with the new signal bandwidth allocation.

In FIG. 1C, one embodiment of the present invention for a
reverse logical channel 140-1 data path 1s 1llustrated. A radio
head interface 106 reverse logical channel 140-1 comprises a
receiver buller 148-1, a receive engine 146-1, a DDC 142-1
and a time stamper 144-1. In one embodiment, radio head
interface card 106 comprises a plurality of N reverse logical
channels 140-1 through 140-N each having receiver bulilers
148-1 through 148-N, receive engines 146-1 through 146-N,
DDCs 142-1 through 142-N and time stampers 144-1 through
144-N.

In one embodiment, radio head interface 106 1s dynami-
cally reconfigured to change modulation protocol for reverse
logical channel 140-1. In operation, 1n one embodiment,
receive engine 146-1 receiwves complex data samples from
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DDC 142-1 and places them 1nto a recerver butier 148-1. As
receiver buller 148-1 fills, 1t creates a page of complex data
samples. Time stamper 144-1 places, 1n a page header, the
time the first complex data sample was recetved from DDC
142-1. The completed page 1s subsequently received and pro-
cessed by call processing software module 114. In one
embodiment, configuration management unit 132 receives
information from call processing software module 114 to
reconfigure logical channel 140-1 for a new modulation pro-
tocol. A configuration management unit 132 looks up the
associated parameters for the modulation protocol from the
table located in memory unit 136. Through control channel
134 configuration management unit 132 loads the appropriate
parameters to DDC 142-1. In one embodiment, DDC 142-1 1s
adapted with a buffer memory that holds the parameters
received from configuration management unit 132. In one
embodiment, an associated forward logical channel 130-1’s
transmit engine 126-1 sends a synchronization signal to DDC
142-1 to load the parameters from the bulfer memory nto
DDC 142-1’s active registers. Once the parameters are loaded
into the active registers, the logical channel 140-1 1s ready to
begin operation under the new modulation protocol.

In one embodiment, radio head interface 106 1s dynami-
cally reconfigured to change the signal bandwidth allocation
for reverse logical channel 140-1. In operation, 1 one
embodiment, configuration management unit 132 receives
information from call processing software module 114 to
reconfigure the signal bandwidth allocation for logical chan-
nel 140-1. Configuration management unit 132 looks up the
associated parameters for the new signal bandwidth alloca-
tion from the table located 1n memory unit 136. Through
control channel 134 configuration management unit 132
loads the appropriate filter parameters and transfer rate to
DDC 142-1. In one embodiment, DDC 142-1 1s adapted with
a bulfer memory that holds the filter parameters and transfer
rate recerved from configuration management unit 132. In
one embodiment, an associate forward logical channel 130-
1’s transmit engine 126-1 sends a synchronization signal to
DDC 142-1 to load the filter parameters and transier rate from
the buffer memory into DDC 142-1 ’s active registers. Once
the filter parameters and transfer rate are loaded 1nto the active
registers, logical channel 140-1 1s ready to begin operation
within the new signal bandwidth allocation specified by call
processing software module 114.

In one embodiment of the present invention, the base sta-
tion 110 determines the optimal signal bandwidth allocation
for the available logical channels and dynamically recontig-
ures the logical channels to support changing demands for
bandwidth as described 1n the preceding embodiments.

In one embodiment, for each logical channel, information
provided to radio head interface 106 by call processing soft-
ware module 114 to mitiate a protocol or bandwidth change
may include one or more of, but not limited to: a modulation
protocol, a bandwidth allocation, RF channels, and a timing,
trigger designating when to perform the change.

In one embodiment, the timing trigger 1s a designated time
based off of radio head interface 106’s internal time count.
When radio head interface 106’s time count reaches the des-
ignated time, transmit engine 126-1 sends a signal to DUC
122-1 to load the parameters provided by configuration man-
agement unit 132. Whatever data sample 1s contained 1n trans-
mit buifer 128-1 at that time are loaded to DUC 122-1 and
transmitted 1n the new protocol, or within the new bandwidth,
as specified by call processing software module 114. For the
associated reverse logical channel 140-1, when radio head
interface 106°s time count reaches the designated time, trans-
mit engine 126-1 sends a signal to DDC 142-1 to load the
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parameters provided by configuration management unit 132.
Data samples received from radio head unit 104, processed by
DDC 142-1, and received in recerving builer 148-2 will be
processed by call processing software 114 as required by the
new modulation protocol, or within the new signal bandwidth
allocation.

In one embodiment, the timing trigger 1s a designated
trigger data sample that designates when to perform the
change, instead of a designated time. For example, in one
embodiment the designated trigger data sample 1s the 32 bat
hex quadword DDDDDDDDh. Transmit engine 126-1 scans
data pages recetved from transmit bufier 128-1 for a desig-
nated trigger data sample DDDDDDDDh. Upon receipt of
that data sample transmit engine 126-1 sends a signal to DUC
122-1 to load the parameters provided by configuration man-
agement unit 132. Whatever data sample 1s contained in trans-
mit buffer 128-1 at that time will be loaded to DUC 122-1 and
transmitted 1n the new protocol (or within the new signal
bandwidth allocation). For the associated reverse logical
channel 140-1, upon receipt of the designated trigger data
sample transmit engine 126-1 sends a signal to DDC 142-1 to
load the parameters provided by configuration management
unmt 132. Data samples received from radio head unit 104,
processed by DDC 142-1, and received 1n recerving builer
148-2 are processed by call processing software 114 as
required by the new modulation protocol (or within the new
signal bandwidth allocation).

In one embodiment, configuration management unit 132 1s
adapted to know the different modulation protocols supported
by the radio head unit 104 hardware, and the associated valid
ranges ol RF channels and signal bandwidths, based on the
parameter table stored in memory unit 136. In one embodi-
ment, the modulation protocols and the associated valid
ranges of RF channels and signal bandwidths are loaded 1nto
memory unit 136 during the initial configuration of commu-
nications system 100. In some embodiments, when call pro-
cessing software module 114 instructs radio head interface
106 to configure a logical channel for a non-supported pro-
tocol or bandwidth, radio head interface 106 generates an
error condition flag to call processing software module 114.
In one embodiment, when call processing software module
114 instructs radio head interface 106 to change protocol or
bandwidth at an invalid designated time, radio head interface
106 generates an error condition flag to call processing soft-
ware module 114. In one embodiment, radio head interface
106 15 adapted to disregard instructions from call processing
software module 114 that result in the generation of an error
condition flag.

FIG. 2 1s a flow chart of one embodiment of dynamic
protocol configuration, based on the apparatus of FIGS. 1A,
1B and 1C of the present invention, shown generally at200. A
BTS determines the need to change an operating protocol of
a logical channel (210). At step (220), the BTS selects the
logical channel to be reconfigured for a different protocol and
communicates reconfiguration information to a radio head
interface. In one embodiment, reconfiguration information
includes one or more of: the new protocol assignment, an RF
channel assignment, and timing trigger indicating when to
perform the protocol reconfiguration. In one embodiment, the
timing trigger mdicates a designated time based on a radio
head interface internal clock. In one embodiment, the timing
trigger 1s a specific data sample within a page of complex data
samples. Proceeding to step (230), the radio head interface
determines whether the reconfiguration information 1s valid
for the radio head hardware coupled to the radio head inter-
face. In one embodiment, radio head interface further verifies
that the protocol assignment 1s valid. In one embodiment,
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radio head interface further verifies that the RF channel
assignment 1s valid for the protocol being assigned to alogical
channel. In one embodiment, the radio head intertace further
verifies that the timing trigger 1s valid, when the trigger 1s in
the form of a designated time. At (240), a configuration man-
agement unit determines the associated DUC/DDC param-
cters (DUC parameters for forward direction logical channels
and DDC parameters for reverse direction logical channels)
and sampling rate required for newly assigned protocol. In
one embodiment, the configuration management unit loads
the parameters and sampling rate into DUC/DDC buifers. At
(250), when the timing trigger arrives, the DUC/DDC 1s
reconfigured with the new parameters and sampling rate.

FIG. 3 1s a flow chart of one embodiment of dynamic signal
bandwidth allocation, based on the apparatus of FIGS. 1A, 1B
and 1C, shown generally at 300. Starting at step (310), a BTS
determines the need to change the signal bandwidth alloca-
tion for a logical channel. At step (320), the BTS selects the
logical channel to be reconfigured and communicates recon-
figuration information to the radio head interface. In one
embodiment, the reconfiguration information includes one or
more of: a bandwidth and a timing trigger indicating when to
perform the signal bandwidth allocation change. In one
embodiment, the timing trigger mndicates a designated time
based on a radio head interface internal clock. In one embodi-
ment, the timing trigger 1s a specific data sample within a page
of complex data samples. Proceeding to step (330), the radio
head imterface determines whether the reconfiguration infor-
mation 1s valid for the radio head hardware coupled to the
radio head interface. In one embodiment, the radio head inter-
face further verifies that the timing trigger 1s valid. At (340),
a configuration management umt determines the associated
DUC/DDC parameters (DUC parameters for forward direc-
tion logical channels and DDC parameters for reverse direc-
tion logical channels) and sampling rate. In one embodiment,
the configuration management unit loads the parameters and
sampling rate into DUC/DDC butfers. At (350), when the
timing trigger arrives, the DUC/DDC 1s reconfigured with the
new parameters.

In one embodiment information regarding dynamic signal
bandwidth allocation and protocol configuration 1s commu-
nicated from the BT'S to the radio head interface configuration
management unit through a data sample page header. In one
embodiment, call processing software module 114 outputs to
logical channel 130-1"s transmit buffer 128-1 a page of com-
plex RF data samples representing voice and data communi-
cations. Prefixed to the data samples, 1s a page header that 1n
one embodiment includes one or more of, but not limited to,
a start ol page indicator, a protocol assignment code, a signal
bandwidth indicator (BWI), signal bandwidth allocation
parameters, a protocol reconfiguration indicator (PRI), pro-
tocol assignment parameters, RF frequency channel param-
cters, a time start code, and a timing trigger. Further details
concerning the contents of a complex data sample page or
information embedded within a page header are described 1n
the 675 Application herein incorporated by reference.

In one embodiment, transmit engine 126-1 removes the
page header, sending only the complex data samples repre-
senting voice and data communications to DUC 122-1. Trans-
mit engine 126-1 further evaluates the header for indicator
flags. In one embodiment, when transmit engine 126-1 1den-
tifies a PRI tlag, then one or more of, a protocol assignment
code, a RF frequency assignment code, and a timing trigger
are further read from the page header and communicated to
configuration management unit 132. As described previously,
configuration management unit 132 then looks up associated
parameters to reconfigure DUC 122-1. In one embodiment,
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the page header includes reconfiguration information for
associated reverse logical channel 140-1. In that case, trans-
mit engine 126-1 communicates the reconfiguration informa-
tion to configuration management unit 132 that then looks up
associated parameters to reconfigure DDC 142-1.

In one embodiment, when transmit engine 126-1 1dentifies
a BWI flag, then one or more of signal bandwidth allocation
parameters and a timing trigger are further read from the page
header and communicated to configuration management unit
132. As described previously, configuration management unit
132 then looks up associated parameters to reconfigure DUC
122-1. In one embodiment, the page header includes recon-
figuration information for associated reverse logical channel
140-1. In that case, transmit engine 126-1 communicates the
reconfiguration information to configuration management

unit 132 that then looks up associated parameters to recon-
figure DDC 142-1.

Several ways are available to implement the radio head
interface modules, software modules (e.g. call processing
soltware modules), and BTS elements of the current inven-
tion. These 1include, but are not limited to systems such as,
digital computer systems, programmable controllers, digital
signal processors, or field programmable gate arrays. There-
fore other embodiments of the present invention are the pro-
gram 1nstructions resident on computer readable media which
when implemented by such systems, enable the systems to
implement embodiments of the present invention. Computer
readable media include any form of computer memory,
including but not limited to punch cards, magnetic disk or
tape, or any other magnetic data storage system, any optical
data storage system, flash ROM, non-volatile ROM, PROM,
E-PROM or RAM, or any other form of permanent, semi-
permanent, or temporary memory storage system or device.

Although specific embodiments have been 1illustrated and
described herein, 1t will be appreciated by those of ordinary
skill in the art that any arrangement, which 1s calculated to
achieve the same purpose, may be substituted for the specific
embodiment shown. This application 1s intended to cover any
adaptations or variations of the present invention. Therefore,
it 1s manifestly intended that this invention be limited only by
the claims and the equivalents thereof.

What 1s claimed 1s:
1. A communications system, comprising;:
a base station, including:
one or more radio head interface modules; and
a signal processing module, the one or more radio head
interface modules adapted to communicate with the
signal processing module;
wherein the signal processing module performs modu-
lation and demodulation of voice and data streams
using one or more air iterface protocols; and
a radio head unit coupled to the one or more radio head
interface modules over one or more transport medi-
ums;
wherein the radio head unit communicates with one or
more subscriber units using the one or more air inter-
face protocols;
wherein the one or more radio head interface modules
receives reconfiguration information from the signal
processing module, the reconfiguration information
including at least one of air interface protocol param-
eters and bandwidth allocation information:
wherein the one or more radio head interface modules
reconfigures itself for one or more communications
channels, based on the reconfiguration information;
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wherein the one or more radio head interface modules
further comprises:

a transmit butler, the transmit butfer adapted to receive a
data stream from the signal processing module and
store the data stream as a page of data sample;

a transmit engine;

a digital upconverter, the transmit engine adapted to
transier the page of data samples from the transmait
butfer to the digital upconverter:;

a configuration management unit adapted to recetve air
interface protocol configuration information from the
signal processing module;

a memory adapted with digital upconverter parameters;

wherein the configuration management unit is further
adapted to access the memory to lookup digital
upconverter parameters based on the reconfiguration
information; and

wherein the configuration management unit is further
adapted to output the digital upconverter parameters
to the digital up converter.

2. The system of claim 1, wherein the base station further
COMPrises:
one or more interface devices, wherein the one or more
radio head interface modules communicate with the sig-
nal processing module over the one or more interface
devices.
3. The system of claim 2, wherein the one or more intertace

devices includes at least one of a PCI-X 1nterface, an ATCA
interface, a PCI Express interface, a Gigabit Ethernet inter-
face, a SCSI interface, a Rocket I/O interface, a UDP/IP link
interface, a TCP/IP link interface, a Serial ATA interface, a
Card bus for PCMIA card interface, a high speed serial inter-
face and a high speed parallel interface.

4. The system of claim 1, wherein one or more air interface
protocols 1nclude at least one of Global System for Mobile

communications (GSM), Advanced Mobile Phone System
(AMPS), code division multiple access (CDMA), Wide-band

CDMA, time division multiple access (IDMA), Cellular
Digital Packet Data (CDPD), Enhanced Data rates for GSM
Evolution (EDGE), General Packet Radio Service (GPRS),
Integrated Digital Enhanced Network (1IDEN), and Orthogo-
nal Frequency Division Multiplexing (OFDM).

5. The system of claim 1, wherein the signal processing
module communicates one or more pages ol data samples
with the one or more radio head interface modules, each of the
one or more pages of data samples having a page header; and

wherein reconfiguration mnformation 1s contained in the

page header.

6. The system of claim 1, wherein air interface protocol
parameters include at least one of a protocol reconfiguration
indicator, modulation protocol assignment parameters, and a
timing trigger.

7. The system of claim 6, wherein the timing trigger 1s one
ol a designated time and a designated data sample.

8. The system of claam 7, wherein the designated time
correlates to a time count internal to the one or more radio
head interface modules.

9. The system of claim 1, wherein the signal bandwidth
allocation mformation comprises a timing trigger and signal
bandwidth allocation parameters for one or more communi-
cation channels.

10. The system of claim 9, wherein the timing trigger 1s one
of a designated time and a designated data sample.

11. The system of claim 10, wherein the designated time
correlates to a time count internal to the one or more radio
head interface modules.
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12. The system of claim 1, wherein the configuration man-
agement unit 1s further adapted to access the memory to
lookup the associated digital upconverter parameters based
on the reconfiguration information; and

wherein the configuration management unit 1s further
adapted to output the associated parameters to the digital
up converter.

13. The system of claim 1, wherein the one or more radio

head interface modules further comprises:

a receive butter;

a recerve engine; and

a digital downconverter;

the transmit engine adapted to transier a data stream from
the digital downconverter to the recerve bufler, the
receive buller adapted to store the data stream as a page
of data samples, the receive buffer further adapted to
output the page of data samples to the signal processing
module:

the memory further adapted with digital downconverter
parameters;

wherein the configuration management unit 1s further
adapted to access the memory to lookup the digital
downconverter parameters based on the reconfiguration
information; and

wherein the configuration management unit 1s further
adapted to output the digital downconverter parameters
to the digital downconverter.

14. The system of claam 13, wherein the configuration
management unit 1s further adapted to access the memory to
lookup the associated digital downconverter parameters
based on the reconfiguration information; and

wherein the configuration management unit 1s further
adapted to output the associated parameters to the digital
downconverter.

15. The system of claim 1, wherein the transport mediums
are one or more of optical fiber, millimeter wave, coaxial
cable, and Free Space Optics (FSO).

16. A radio head interface module, the module comprising:

a transmait builer, the transmit buffer adapted to receive a
data stream from a signal processing module and store
the data stream as a page of data samples having a page
header:;

a transmit enginge;

a digital upconverter, the transmit engine adapted to trans-
fer the page of data samples from the transmit butler to
the digital upconverter;

a configuration management unit adapted to receive recon-
figuration information from the signal processing mod-
ule, the reconfiguration information 1ncluding at least
one of air interface protocol parameters and bandwidth
allocation information; and

a memory adapted with digital upconverter parameters;

wherein the configuration management unit 1s further
adapted to access the memory to lookup associated digi-
tal upconverter parameters based on the reconfiguration
information;

wherein the configuration management unit 1s further
adapted to output the associated digital upconverter
parameters to the digital up converter.

17. The one or more radio head mterface modules of claim

16, the module further comprising:

a recerve bufter;

a recerve engine; and

a digital downconverter;

the receive engine adapted to transfer a data stream from
the digital downconverter to the receirve buifer, the
receive buller adapted to store the data stream as a page
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of data samples, the receive bufler turther adapted to

output the page of data samples to the signal processing

module;

the memory further adapted with digital downconverter
parameters;

wherein the configuration management unit i1s further
adapted to access the memory to lookup the associated
digital downconverter parameters based on the recon-
figuration information; and

wherein the configuration management unit i1s further
adapted to output the associated digital downconverter
parameters to the digital downconverter.

18. A communications system, COmprising:

one or more radio head interface modules; and

a signal processing module, the one or more radio head
interface modules adapted to communicate with the sig-
nal processing module;

wherein the signal processing module performs modula-
tion and demodulation of voice and data streams using
one ov movre air interface protocols; and

a radio head unit coupled to the one ov more radio head
interface modules over one ov more transport mediums;

wherein the rvadio head unit communicates with one or
movre subscriber units using the one or move air interface
protocols;

wherein the one or more radio head interface modules
receives reconfiguration information from the signal
processing module;

wherein the one or more radio head interface modules
reconfigures itself for one or more communications
channels, based on the veconfiguration information,

wherein the one or more radio head interface modules

Jurther comprises:

a transmit buffer, the transmit buffer adapted to rveceive a
data stream from the signal processing module and
storve the data stream as a page of data sample;

a transmit engine, the transmit engine adapted to trans-
Jer the page of data samples from the transmit buffer to
a digital upconverter,

a configuration management unit adapted to rveceive the
reconfiguration information from the signal process-
ing module;

a memory adapted with digital upconverter parameters;

wherein the configuration management unit is further
adapted to access the memory to lookup digital
upconverter parameters based on the reconfiguration
information; and
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wherein the configuration management unit is further
adapted to output the digital upconverter parameters
to the digital up converter.

19. Aradio head interface module, the module comprising:

a transmit buffer, the transmit buffer adapted to receive a
data stream from a signal processing module and store
the data stream as a page of data samples having a page
header;

a transmit engine;

a digital upconverter, the transmit engine adapted to trans-
fer the page of data samples from the transmit buffer to
the digital upconverter;

a configuration management unit adapted to veceive recon-
figuration information from the signal processing mod-
ule; and

a memory adapted with digital upconverter parameters;

wherein the configuration management unit is further
adapted to access the memory to lookup associated digi-
tal upconverter parameters based on the reconfiguration
information;

wherein the configuration management unit is further
adapted to output the associated digital upconverter
parameters to the digital up converter.

20. A radio head interface module, the module comprising:

a transmit buffer, the transmit buffer adapted to receive a
data stream from a signal processing module and store
the data stream as a page of data samples having a page
header;

a transmit engine, the transmit engine adapted to transfer
the page of data samples from the transmit buffer to a
digital upconverter,

a configuration management unit adapted to veceive recon-
figuration information from the signal processing mod-
ule; and

a memory adapted with digital upconverter parameters,

wherein the configuration management unit is further
adapted to access the memory to lookup associated digi-
tal upconverter parameters based on the reconfiguration
information,

wherein the configuration management unit is further

adapted to output the associated digital upconverter
parameters to the digital up converter.
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