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DYNAMIC READJUSTMENT OF POWER

CROSS Rl:I'EREN('E) 'I'0 REI Al'I:D
A VVI ICA'I'ION S

This application is related to the following co-pending U.S.
potent applications Iilcd on Ilier. 31, 2005, all oi'sluch are
hereby incorporated herc&n by rcl'irence.

I J 8 patent application Ser. No 11/095,788 entitled
"l)YNAMIC I&RI',QIJIIN('Y I IOVVIN(i") and tvhich &s &0

referred to here as the '672 Application;
U.S, patent application Ser. No. 11/095,628 entitled

"DY NAMIC DICSTAL UP AND DOWN CONVERTERS")
dnd &s hich &s reft:rrcd to here as the '673 Application:

U.S. pa&cnt applicdtiou Ser. Nu. 11/095,789 ml&itled
*'DYNAMI('l&('ONI&IGURAI1ON Ol& RI,SOUR(:I'IS
'11113()U(JH PACJII JII&AI)l!R)") and which is referred to
herc;ts thc 675 Apphc;tt&oil;

U.S, patent application Ser. No. 11/094,848 entitled "SICJ-

NAL ENHANCEMENT THROJJCJH DIVERSITY" ) and Io
&slnch & rcfcrrcd to herc as thc '67G Application;

U.S. permit applicdtiou Scr. No. 11/095,111 anti&lcd
"SNMV MANACJIIMJ&N'I'N A SOJCI'WARJ'. DEFINI&D
RAI)IO") and which is referred to here as the '677 Applica-
tlo&'I:

U.S, patent application Ser. No. 11/095,112 entitled
"TIME STAMP IN THE REVERSE PATH") and which &s

rcfcrred to here as the '678 Apphcat&on,
U.S. pa&mlt applicdtiou Ser. Nu. 11/094,949 ml&itled

*'I3I Jl I'I!RS RANI)I ING MIJI:I'IVI I'. VR(yl'0('Ol )") and &0

which is referred to here as the '679 Application;
U 8 patent application Ser. No 11/095,113 entitled

"TIME START IN THE FORWARD PATH**) ond wluch &s

referred to here as the *680 Application:
U.S. permit applicdtiou Scr. No. 11/094,950 anti&lcd ls

'*LOSS OF PAGE SYNCHRONIZATION" ) and wluch is
rei'crrcd to herc as thc '681 Apphcanon,

I J 8 patent application Ser. No 11/094,947 entitled
"l)YNAMIC Rl:AI.I 0('A1'ION Ol'JANI)WID'I II AND
MODULATION PROTOCOLS" ond which is referred to do

here as the 'C&84 Application,
U.S. pB&i:n& BpphcB&lon ScI. NI&. 11/095,150 cnnllcii

"METHODS AND SYSTEIoIS FOR HANDLING UNDER-
FLOW AND OVERFLOW IN A SOFTWARE DEFINED
RADIO") and wh&ch is &eferred to here as the 'C&86 Applica-
110&u Bnd

U.S, patent application Ser. No. 11/095.779 entitled
"INTE(JRATED NETWORK MANAGEMENT OF A
SOFTWARE DEFINED RADIO SYSTEM") and wluch is
rei'crrcd to herc as thc '700 Apphcanon. 0

TECHNICAL FIELD

'Il&e follov ing description relates to communication sys-
tenls and in particular to wireless communication systems

13A('KGROUNI)

Mttn)'hang&a BI'c takulg plact: ul &hc wav &slrclcss conl-
mu&ucanon nct&sorks are bculg deployisk Some of the io
changes are being dnven by the adoption of new n&ob&le

communicat&oils standards. Ihe introduction ot sottv are
defined rad&os to v ireless telecomnnmications hos led to the
genemstion of software and hardware solutions to meet the
new standards ss

A softv are dehned radio (SDR) uses software for the
nlodulation and demodulation of msdio signals 1 he use of

,106 B2

rcprogranuuable sof&ware allows key rad&o parameters, such
as frequency and modulation protocols to be n&odified with-
out the need to alter the underlying hard&vere of the system
Additionally, SDRs allow a single device to support multiple
configurations &vhich previously would have required nnd-
tiple hardware devices. One example of a software defined
radio is the Vanu Soft&& are Ratiio produced by Vami, Inc. (Sce
U.S. Pa&. No. G,654.428).

('urrent mobile conlnn&nication standards Introduce physi-
cal and logical chmulels and pose new issues in the transport
of i&1fomlation &vithin die commu&1&cat&0&1 nenvorks Some
modulation protocols that wireless conmu&nication networks
operate with includes, but is not limited to, Advanced Mobile
Phone System (AMPS), code d&v&sion mul&iplc access
(CDMA). Wulc-baiui CDMA (WCDMA), umc d&visionmul-
tiple access ( 11)MA). (ilobal System for Mob&le communi-
cat&ons ((JSM), ('ellular Diaital Packet Data (('l)VD),
I:&d&Booed l)ata rates for CJSM Iivolution (I:D(JE), (Jenemsl
Packet Radio Service (CJPRS). Integvrated Digital Enhanced
Netv ork (iDEN), and Orthogonal Frequency Division Mul-
t&plcxing (OFDM).

Purclutsing hardware dcs&gncd to operate with only a
single standard results in idle resources at times when net-
work demand ft&r that modulation standard is low I'0 avoid
tile expenses assoc tati'tl &v& th oper I t& ilg,'lild olallrtmn&no Jul i'8-

ware dedicated to each standard. there is a need in the art
today for conununications network hardware that is modula-
t&on s&andard indcpcndcn& and cml be dyntun&cally rtmonlig-
urcd to support module&ion sutndnrds bastxl on thc current
demands on the nenvork and operate with multiple standards
sinlultaneously

Another need generated by the adopt&on of new mobile
conununications standards is ability for conununications net-
v ork lmrdv:are to dynamically adjust the power levels of
radio Irequency transmissions in order to mau»atn acceptable
s&gnal quality as requ&rcd by standards S&gnal power lcvcl
d&IJ Usnncnm &&re rcilU&rt:il boih ln tlrtlcl'0 nun&nllxc ctuchdn-
nel interference and to conserve power

l&or the reasons stated above, and for other reasons stated
belov that will become apparent to those skilled m the art
upon reading and understanding the present specification,
thcrc is a nitxl ln &ht: &clt:conunUU&to&nous ul&IUs&rv for svs-
tcms and methods Ibr dynamically rtx onligurdblc conununi-
c&&&lou nctw tuks which cdn il)'nanucall)'&II Us& conununlca-
tions signal gains

SUMI&CARY

Embodiments of the present invention address the problem
ofadjusting the signal gains ofcommunications signals trans-
m&t&cd tluough conunurucauons act&sorks, as well as other
problems mid will bc understood by reading m&d studying thc
following spccilica&ion.

In one embodiment, a conununicotions system is pre-
sented. The communicatiom system comprises a server,
including onc or morc ratiio head interface modules, a call
processing sofiu are motiule, and a rad&o head u&ut coupiixi to
thc radio head &nterlhcc motiule over onc or morc &ranspurt
mediums 'I'he one or more radio head interface modules
adapted to communicate with the call processmg soft&Care
module. wherein the cali processing software peribrms
modulation and demodulation of vo&ce and data stremns
us&ng one or morc air inierfacc pro&ocols. The rad&o head ulu&

conumuucates wi&h onc or morc subscnbcr un&ts usulg the
ouc or morc a&r intcrfdcc protocols. 11&e radio head interface
nx&dule receives power level adjustment paran&eters from the
cali pmces sing soft tvme module for one or n&ore logical chan-
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nels dnd leconllgurcs thc a&gull) gl&ln ol Onc or nliuc cinunlu-
nications channels based on the power level adjustment
parameters

In yet another embodiment, a method for dynamic signal
ain adjustment for a conununications networl logical cbml-

nel is disclosed. The method comprises receiving signal ain
ad)ustment parlunctcrs indicating a dcsircd signal gain and a
des&gnated tugger event, dctcnnining d&gitdl frequency con-
verter tilter parameters for the desired sional gain, and recon-
figuring a digital frequency converter with the filter paranl- &0

eters upon occurrence of the designated trigger event
In yet another embodiment. a computer-readable medium

having computer-executable instructions for a method for
ily'n;uulc signal gdul Bil)UB&nu:nl for a conlu&UB&cBI&ons ncl-
worl logical channel &s provided. The med&od compnses
receivinn signal gain adjustment parameters indicating a
desired signal gain and a designated triguer event, determin-
ing digital frequency converter filter parameters for the
desired signal gain. and recnnfiguring a digital frequency
converter with the filter parameters upon occurrence of the 10

des lgndtcd nigger cvcnn
In sull another mnboduncnt, another conmlulucanon sys-

tem is provided I'he communication system comprises a
sofnvame module. a radio head interface module, a radio head
unit. a means for embedding channel signal Bain parameters
into a page header of spa e ofa first set of complex RF data
samples, a means for conum&nicating the page of the first set
of complex RF data samples mid page hmder lbom the sofa-

arec

module to the rad&o hmd interface module. a means for
exn'acting thi'hannel s&gnal g'ufl pBI'Bmctcl's fnun thi'age &0

header. a means of comn&unicating a second set of complex
Rl & data samples from the radio head interface module to the
radio head unit„and a means for adjuctin. the signal ga&n of
the second set of complex RF data samples based on the
ch;un&el s&gnal gaul plu dnlclcl s. 3&

DRAWINGS

11&e present invenuon &s morc cas&ly understood mid fur-
ther adv mtages and uses Ihcrcofmore read&ly apparent, when do
considercxl in view of thc dcscnption of the preli rred mnbod&-
nlents and Ihe following hgmes in which

Fl(ig IA, 113 and I('re block diagrams of one embodi-
ment of a conmu&nications system of the present invention

FI(fi 2 is a flow chart of a method Ii&r practicing one d-

enlbodiment of the present invention.
In accordance with common practice. the varimis

described features are not drawn to scale but are drawn to
enlphasize features relevant to the present invention. Refer-
ence clmracters denote like elements throughout Figures and 0

text.

DETAILED DESCRIPTION

In the following detailed description, reference is nlade to
the accotnpanying drawings that foml a part hereof. Bnd in
which is shown by way of illustration specific illustmtive
cmbodimcnts ul wluch Ihc u&vcnnon may bc pracuced. These
cmbodimcnts arc dcscnbed &n suflicmnt dc&ail Io enable those
skilled &n the art to pracncc Ihc invent&on, mid &t Is &0 be io
understood that other embodiments &nay be utilized and that
logical, meehan&cal and electrical changes may be made w&th-

out departing from the spirit and scope of the present inven-
tion. The follov, in detailed description is, therefore. not to be
taken in a limiting sense. si

I inlbodinlents Of the present invention concern portions of
a cellular Ieleconlmun&cat&ons nenvork that typically conl-

poses oni. of a&ore ccllUldr dntcnnBB. B fcmotc iun& (also
called B radio head) transmitting and receiving voice and/or
data conumuucations, and a base a&anon (also commonly
called abase transceiver station (13'I S). ore server) that com-
nlunlcdtcs da&a bc&Ceca Ihc Icfnol 0 unit Bnd d ll&fgcr conuuU-
nication network (e.g the public s&vitched telephone nenvork,
or the Internet). One or more base stations are connected to a
base station controller (13S(') &vhich contmls data communi-
cation flows in one or nlore connected base stations.

In some embodiments. communications between a 13IB
and a remote unit take place throug&htwo sets ofdata stremns.
1'ypically, fo&ward lo ical channels carry data streams from
the BTS throuch the remote unit to the end user device.
Rcvcrsc logical ch uulcls carry data streanw from Ilm cnd user
devices tluough the renu&te unit to the BTS Each of the
logical clmnncls is assigned a radio frcqumlcy (RF) channel
and a n&oduiation protocol, v hich the renlote unit uses to
v irelessly communicate data w&th individual cellular
devices.

FICi IA is a block d&dgrdm ol'onc mnboduncnt ol'a com-
munication systen& shown enerally at 100. ('Omnlunication
system 100 includes one or nlore subscriber units 102 (or
mobile devices 102) within a service area of a md&o head unit
104 Radio head unit 104 is coupled to one or more servers
110 (or BTS 110) over one or more transpolt mcd&urn& 111,
and 112. In onc cmbodunmlt, transport mcdnuns 111 and 112
con&prise onc OI nlolc high speed Ifanspo&I nnxhiuns.

In One embodiment, tmnsport mediums I I I and 112 com-
prise one or more high speed digital data tmnsport mediums.
In one embodiment, transport mediums 111 and 112 com-
pnscs onc or more optical liber data paths. It wmild bc well
understood by onc m Ihe art upon readu&g Ilus spec&licanon
that tmnsmit inediluns 111 and 112 are not lunited to optical
fiber nledia but tint embodiments include any optical or elec-
tncal transport media

BTS 110 Is connixted Io onc or morc conunun&canon Bc&-

works 120 (c.g. pubic switched telcphouc network (PSTN),
Internet. a cable network. or the hkc). Iu onc embodiment,
13 lsg 110 is connected &0 one or more comn&unications net-
works thmugh a base station controller (l3S(') I lg ln one
embodiment. BTS 110 includes a call processin soflware
module 114 (or call processing software 114) that interfaces
bctw ixn a r&xiio head ultcrfaca module 106 and onc or morc
conunulucat&on networks 120. In onc embod&ment, call pro-
cessing sol'twarc module 114 &s comprised of one or morc
software applications In one embodiment, call processing,
software module 114 also includes programming which
implements an S DR with the BTS 110 and radio head unit 104
hardv are. digitally performing waveform processing to
nloduldtc Bnd dcmoduldtc radio s&gnals tmnsnuttixl and
race&ved, rcspcctivcly. from cellular antmu&as 160. In one
embodiment, call processing software module 114 is a & Bnu,
Inc, &/anu Software Radio.

In one embodiment, network 100 is a bidirectional network
and as sho&vn includes equipment for forv ard links (i e. trans-
nnsslons on fofwdrd loglcdl channels f lorn connuUnlcatlons
network 120 to mob&lc dc& ice 102) and rcversc hnks (i.c.
transmissions on reverse logical channels from nlobile device
102 to comnn&nications netv ork 120)

In some embodiments, additional reverse links are also
provxlcd that duphcntc thc rcvcrse log&eel channels In some
embodiments, tlus sct of duplicate rcversc logical channels
are called d&varsity channels. It should bc understood that
descriptions in this specification relating to embodiments of
reverse logical channels also apply to such diversity channels
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Further tictails pertainuig to the advanui cs mid opcrauon of
diversity chaiutel s are pmvided in the '7 Gi Application incor-
porated herein by reference.

Radio head unit 104 consists fundamentally ofan antenna,
a duplcxcr, a multicarncr power mnphlicr and low-noise
amplifier. Radio head unit 104 conununicates with one or
morc subscnbcr units 102 ui a particular coverage area over
fonvard and reverse links provided through radio head unit
104's associated an(cans 160. In the lorward luik. call pro-

1 I i

ctssuig software module 114 genera(ca representations of
iolcc/datit slgtlBls ltlto tlau'I stlcillns that arc transported to
radio head unit 104 via transport mediuins 111 'I'he fonvard
link includes a forward radio frequency (Rli) channel over
ivhich radio head unit 104 transmits the representations of

1

voice/data sigtnals to subscriber unit 102. Subscriber unit 102
trammits back to remote unit 104 over a reverse RF channel.
Radio head unit 104 is rcsponstblc I'or rcceiv mg thc RF signal
from subscnbcr units 102, dtgitizut the RF st~ral and con-
vertin the digitized Rli signaI to a digital representation

2O
signal tiir transmission as a reverse link data stream over one
or more transport mediums 112 to BTS 110. Subscriber unit
102 as used in this application includes, but is not limited to,
ctllular iclcphoucs, pagers, personal digital assistants, wirc-
lcss motimus, and other wtrelcss ternnnals. Subscnbcr unit
102 may be a hund held device, a mobile station or a lixed
station such as in a wireless local loop systein. The radio head
unit 104 communtcates received signals to server 110 fiir
routing to one or more commiuiication networks 120.

In onc mnboduncnt, BTS 110 conmiunicatcs with radio
head unit 104 through radio head inierfacc module 106 (or
radio head interface 106) Radio head interface 106 estab-
lishes high speed digital conununication paths tiir nvo or
more sets of base band (Lsta stream logical channels and all
contnuuiication between BTS 110 and msdio head unit 104 is
goes tltmugvt radio head interface 106. Radio head interface
106 mid radio head unit 104 both handle nuiltiple types of
modulation protocols, and ut dtffi:reiu embodiments. onc or
more of the logical channels transmit data using a different
modulation protocol than another logical channel In one
embodiment. msdio head unit 104, radio head interface mod-
ule 106„and call processing soihvare module 114 handle
modulation protocols for one or more of. but not limited to,
Adv;meed Mobile Phone System (AMPS), code division
multiple access (CDMA), Wide-bimd CDMA (WCDMA),
time division multiple access ('11)MA), (ilobal Systent fiir
Mobile communications ((iSM). Cellular l)igital Packet
l)ata (('DPD), I:nhanced Data rates for (iSM I'.volution
(EDGE). Cieneral Pacl et Radio Service (CiPRS), Integmted
Digital Enhanced Network (iDEN), Ortho onal Frequency so
Division Multiplexing (OFDIvi), or miy other appropriate
modulation protocol. A modulation protocol is commonly
also referred to as an air interface standard, a modulation
standard. an air interface pmtocol. or an air interface modu-
lation pmtocol lior each logical clmnnel. call processing
software module 114 performs modulation and demodulation
offonsard and reverse lo ical channel voice and data streams
OSlllg 013C or tllori: Ol tllC Bll 111(CIIBCC StalltlBIil plo(OCOIS

In one embodiment, radio head interface module 106 ts
coupled to B'I'S 110 thmugh an interface device 116. In one tt!

embodiment. interface device 116 is one of. but not limited to
a PCI-X interface„an ATCA interface. a PCI Express inter-
face. a Gigabit Ethernet uitcrlhcc, a SCSI interface. a Rocket
I/O uitcrfime, a UDP/IP lurk uitcrlhcc, a TCP/IP link inter-
face. a Serial ATA tntcrlhce, a Card bus Ibr PCMIA card ss
interface. a high speed serial interface or a high speed parallel
interface

Duruig initial conliguration of conunumeau on system 100.
digital up-convener (IRJC) and digital down-converter
(l)D(.') filter parmneters and sampling mates are kiaded into
msdio head interface 106 for one or niore of the protocols
supported by radio head unit 104. Such parameters include,
but are not limited to, filter parameters and sampling mates
nimt:ssary to support ialtd RF chmmcl, signal bandwtthh,
signal gaui, and protocol cordigurations. Additional details
regardmg the configuration and opemstion of DU( s and
Dl)('s are discussed in the '(373 Application, incorporated
herein by reference In one embodiment. the parameters are
stored ut a table in memory in msdio head interface 106.

Embodiments of the present invention enable radio head
iuterfact: 106 to adjust thc signal gaut (t.c. thc signal power
level) ofRF signals tra ttsnu I tcxl by radio head u rut 104 and the
signal gain of digitized Rli signals received fmm radio head
unit 104 by msdio head interface 106.

lil(i IB illustrates one embodiment of a fonvard logical
channel 130-1 data path. A msdio head interface forward logi-
cal channel comprises a transntit buffer 128-1. a tmsnsmit
engine 126-1, a DUC 122-1;md a time synchronizer 124-1. In

operation, in onc cmbodmienu transmit bu ffi r 128-1 rcccivcs
a page ofcomplex data saniples from call processing softivare
114 I'ransmit engine 126-1 removes the page of complex
data saniples from the trmismit buffer 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 syncluonizcr 124-1 dctennincs that thc current iimc
matches a start time code embcddcd within tlm page. When
tllC nvo tilileS lilatC11, tl'BllStlili Ctlgi tie 126- I StartS tranSlllittllig
the page of con)plex data samples to I )U('22-1

In one einbodiment. cali processing software 114 modu-
Lstes representations ofvoice/(Lsta Bi~ala for forv ard logical
channel 130-1 to an intermediate (or baseband) frequency to
produce a page of a lirst set of complex RF data simiples.
DUC 122-1 converts thc page of the lirst set of complex RF
data siunples from thc baseband frequency used by call pro-
cessin software 114 into a digital streani of representations
of vmce/data sigttals modulated at a center frequency desig-
nated for the RF channel assigned to logical channel 130-1,
and outputs the di ital stream as a second set of complex RF
data samples. In one cmbodimcnt, thc first set ofcomplex RF
data samples arc I G bit data siunples. In onc mnboduncnt, thc
second sct ol'omplex RF data samples Brc 14 bit data
saniples. I/mbodiments of the present im ention provide tiir
dynaniic readjustnient ofthe signal power level (i.e the signal
gain) of the si nal broadcasted by msdio head unit 104 by
reconfiguring DUC 122-1 with filter pamsmeters that either
iucrcasc ofdccreasc the signal amplitudes of thc complex RF
data samples processed by DUC 122-1 Increased signal
amplitude results in higher power output I'rom 104's RF trans-
nutter while decreased sigttal mnplitudes result in lower
power output

In one embodiment, radio head interface card 106 com-
prises a piurality of M forward logical channels 130-1
tluough 130-M each hai ing transmit buffi:rs 128-1 timtugh
126-M, transnut engines 126-1 tluough 126-M, DUCs 122-1
tluough 122-M and tmie syncluonizers 124-1 tluough 124-
M, each operating as described herein

In one einbodinient. radio head interface lt)6 is dynaini-
cally reconfigured to adjust the signal power level of data
signals transmitted tltiough fonvard logical channel 130-1. In
opCratloll, 311 OllC Clllbotlilili:lit, CollllgurB(toll lllalliigClllCIlt
uiut 132 rccetvcs utfonnation Ibom call processing software
module114to ad)us( thesignalpowcrlevcloflogtcel channel
130-1. ('onfigurati on nianagement unit 132 looks up the a sso-
ctated parameters for the desired sigtta) gain front the table
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locatlxf ul memory 136. Tluough control ch umel 134, con-
fi unltion nlanagement unit 132 loads appropriate tilter cnef-
ficients to DIJ('22-1 In one emlxldiment. DIJ('22-1 Is
adapted v ith a buffer memory which holds the parameters
received from confimiration management unit 132. In one
embodiment. transmit engine 126-1 sends a syncluonization
signal Io DUC 122-1 io load the parimieicrs l?om buffer
memory into DUC 122- 1's active re nstcrs. Once die param-
eters are loaded into the active registers, logical channel
13(J-1 iunp Jibes folward link data samples based on the signal I o

power level specified by call processing sofixvare module
114.

In one embodiment. radin head interface 106 is dynami-
cally reconligurcd Io adlust rcvcrse logical channel 140-1
sigil;11 gilhl for I'cvixsc hnk dani saluplc9. hlclcBsnlg or I

decreasin the signal gem of a reverse logical channel maybe
desired in situations where changes in nenvork hardware (e g.
replacement of a cellular antenna on radio head 104) alter the
overall signal gain of a lo ical channel. In other embodiments
utilizing diversity logical channels, dynamic adjustment of zo

slgnd1 ga1119 lor dssoclBtcil revel so Bnd dlvix91tv loglcBl cllail-
nels allows the two rcvcrsc link dard siremn st~rdl power
levels to be equalized mdependent of diverse network hard-

waree

such as. but not limited to, antennas with different gains.
In I'l(i IC, one enllxldinlent of the present invention for a

reverse logical channel 140-1 data path is illustrated. A radio
head interface 106 reverse logical channel 140-1 comprises a
riven cr buffer 148-1, a rcccive enguie 146-1, mid a DDC
142-1. In one embodunmlt, radio head interface card 106
comprises a plurality of N reverse logical channels 140-1 lo
through 14(J-N each having receiver buffers 148-1 tluough
148-N, receive engines 146-1 thmugh 146-N and l)D('s
142-1 through 142-N. In operation, in one embodiment. sub-
scriber unit 102 modulates representations ofvoice/data sig-
nals into a digital stream ol'o)tresenuittons of voice/data ls
signals (9 third act ofcomplex RF data siunples) modulated at
a ccntcr frequency dcsignatcd lhr Ihe RF clianncl assigned lo
reverse lo ical channel 14(l-l DD('42-1 converts the digi-
tal stream into conlplex Rli data samples modulated at an
intermediate (or baseband) frequency used by call processing do

software 114. Receive engine 146-1 receives the complex RF
data samples from DDC 142-1 and places them uito a receiver
bulfi r 148-1.As recciverbuffi r 148-1 tills, ii creates apa eof
d fourth set ofcomplex RF data samples. In onc emboduuent,
the thirds set of complex Rli data samples are 14 bit sanlples.
ln one embodiment, the filurth set of complex Rii data
samples are l(i bit samples. The completed page is subse-
quently received and processed by call processing software
module 114 Embodiments of thc present mveniion provide
for dynmnic rcadlusuncnt of the signal power level (i.c. the o

signal gaul) of thc complex RF dais signals received by call
pmcessina software 114 by reconfiguring DDC 142-1 v ith
filter parameters that either increase of decrease the signal
anlplitudes of the complex RF data siunples processed by
DD('42-1. In one embodiment. reverse Jogcai cluuulel ss
140-1 is a diversity logical clrdnnel.

In operation, ul onc mnboduuenb configuration manage-
ment uiui 132 rix mvcs infomlation frum call processing soft-
ware module 114 to adjust the reverse link signal gain for
logical channel 140-1 Configunltion management unit 132 io
looks up the associated parameters for the desired si nal ain
front the table located In memory unit 136. Through control
cluulncl 134 conliguration managcmem uiut 132 loads the
appropnatc filter cocfliclcnts Io DDC 142-1. In onc rsnbodi-
mcnt, DDC 142-1 is adapted withe bulli r memory thai holds ss
the parmneters received from configuration management unit
13Z In one embndiment, an associate forward logical chan-

ncl 130-1's trdnsnui engule 126-1 scuds a syncluoiuzatlon
signal to l)l)('42-1 to load the paranleters from the buffer
menlory into Dl)C 142-1's active re isters Once the param-
eters are loaded into the active registers. logical channel
140-1 nnplifies reverse link data samples based on the signal
gain specified by call processing software module 114.

In onc embodiment. conliguration managcmcnt unit 132 is

adapted to know Ihe Iransnutier poller ratings filr each modu-
lation protocol supported by the radio head unit 104 hardlvare
based on the parameter table stored in nlemory unit 136 In
one embodiment. the transnlitter power ratings are loaded
into memory unit 136 during the initial configuration ofcom-
munications system 100. In some embodiments, when cali
processing soflware module 114 instructs radio head inter-
face 106 to adjust thc signal poller Icvcl beyond thc range of
nldio head unit 104's trmlsmitter pnwer rating~. Oldio head
interface 1()6 oenerates an ermr condition flap to call process-
ing softv are module 114 In one embodiment, when call
processing software module 114 instructs radio head inter-
face 106 to adjust the signai power level at an invalid desi-
naicd time. radio head uiicrfacc 106 gmlerdtcs an error cun-
illllon I?dg Io call processing soltwurc module 114. In one
embodinlent, radio head inter face 1()6 Is adapted to disregard
sigaal power level adjustment instnictions fmm call process-
ing sofuvare module 114 that result in the generation of an
error condition flag.

FICi Z is a fklw chart ofone enibodiment ofdynamic siytaf
power lcvcl adlusuncnts, based on the apparatus ofFIGS. 1A.
1B and IC of thc prcscnt invenuon, shown gcncrally a(200. A
B'IS determines the need to adjust the signal power level of a
logical channel (21(J) 'I he ll I'S conlmunicates signal power
ad)ustment parameters to a radio head interface (220). In one
embodiment. Signai poller adjustment parameters include
signal gain parameters and a tinting trigger indicating when to
pcrfilnn thc power les cl adlusuncnt. In one embodiment, Ihe
timing trigger uidicaies d designated time based on a radio
hciul intcrfacc internal cluck. In one cmbodunent, thc tunulg
tug ger is a specific data sample within a page ofcomplex data
smnples. Next. the radio head interface determines lvhether
the signal gain parameters are valid (230). In one embodi-
ment, the radio head interface determines w hether the si nal
gd lit p lldnlCICO'IC Villld fhr Ihi: I ddt o hi ad liard'IC Couplixl
to Ilm radio head inicrfacc. In onc cmboduncnt, Ihe radio head
lull rldCC Illl ihCI 1 Clif lC9 Ihdi lhC tlnllng InggCI IS 9 I ltd, Whi n
the trigger is in the foml of a designated tinle When the signal
gain paranleters are valid, a configuration management unit
determines the required DUC/DDC filter parameters (240)
(DUC filter parameters for forward direction logical chmutels
and DDC lilter parameters Ihr rci arse if rection logical chan-
nels). In one cmbodimcni, Ihc conligurat ion management uiui
loiuls thc filter parnmciers ulto DUC/DDC bulfcrs (245).
When the timing trigger arrives. the J)II(:/I)I)(: is reconfig-
ured to output digital signals v ith the new signal gain (23(J)
In one embodiment, the radio head then be ins transmitting
RF signals at the new signal power level. In one embodiment,
when Ilm signal gaul parameters arc noi valid, the radio head
interface Ignores Ihc signal power level adtustment partun-
ciers sent by Ihc BTS and ul onc embodiment, radio head
interface then sends an ermr nlessage to the JJJ'S (235)

In one embodiment, signal power level adjustment param-
eters are comnuuucated from call processing software mod-
ule 114 to configumstion management unit 132 through a page
hciuler In one emboduncni, call processing software module
114 outputs to logical clumncl 130-1's trmlsmit buffi:r 128-1
a page ol complex data samples rcprcscntlng voice and dais
cmnnlunications. Prefixed to the data samples, is a page
header that in one embodiment includes one or more of, but



VS 7,39)(,106 B2
10

not Iimitcxl to, a signal gain inihcator (SGI), signal gain
parameters. and a tinimg trigger I'urther details concerning
the communication of nudio head interface module signal
poiver adjustnient paranieters thmugh page headers is
described in the '675 Application herein incorporated by
reference.

In one embodiment. transmit engine 126-1 removes the
page header from the page of complex Rli data santples,
sending only the complex RF data samples representing voice
and data communications Io DUC 122-1. Transmit en ine ia
126-1 further evaluates the header iiir indicator flags. In one
cmbodimcnt, wlmn transmit engine 126-1 identilics an SGI
flag. Ihcn one or morc ol, sigiml gain parmnetcrs and a liming
triager are fir/her read from the page header and comnluni-
cated to configuration management unit 132 As descnbed
previously. configuration management unit 132 then looks up
associated filter parameters to reconfigure DUC 122-1. In one
enibodiment, the page header includes signai gain adjustment
parmnetcrs fiiranassociatcdrcvcrsclogical clwiuiel 140-I In
that ense, transmit engine 126-1 conunumcates die signal zo

gain parameters to configuration management unit 132 that
then looks up associated filter parameters to recontigure DI)C
142-1.

Several ways urc available Io implmnent Ihc radio head
interface modules, sol'twarc modules (e.g. call processing
software modules), and li'I'S elements of the current inven-
tion I hese include. but are not limited to systems such as,
di ital computer systems, progmununable controllers, or field
progranuuable gate arrays. Therefore other embodiments of
the present invention are the program instnictions resident on Io

computer readable nuxlia which when implemented by such
systems. enable thc systenw Io implement cmbodnnents of
the present invention ('omputer reaiksble media include any
form ofcomputer memory, including but not limited to punch
cards, magnetic disk or tape or any other inayietic stonsge Ii
system, any optical data storage system. flash ROM. non-
volatile ROM„PROM, E-PROM or RAM, or any other fomi
of pcnnanent, semi-permanent, or iempomry memory stor-
age systmn or dcvicc.

Although specific embodiments have been illustrated and so

described herein, it will be appreciated by those of ordinary
skill in the art that any arrangement. Ivhich is calculated to
acluci c Ihc same purpose. may be substituted for Ihc spccilic
mnbodimcnt shown. Tlus apphcation is uitcndcd to cover any
adaptations or vanations of the present invention. 1 herefore,
it is manifestly intended that this invention be limited only by
the claims and the equivalents thereof.

Pghat is clainied is
1. A CiinllliuillCatloiis Svstclll. COIIlprlslllg.

a server, including:
one or more radio head interface modules; and
a call processing software module. thc onc or more radio

head interface modules adapted to comnnuticate v ith
s.

the call pmcessing software module;
w hcrcin thc call processuig software pcrlorms modula-

tion and demodulation of voice and data streams
using one or iliore air interface protocols; and

a radio head unit coupled to the radio head interface
module over one or more tnunsport inediums;

whcrcin Ihc radio head uiut conunuiucaIes with onc or
more subscriber units using the one or nxire air inter-
face protocols,

wherein the radio head uitcrlhcc module receives power si
level adjustnient paranieters from the call processina
softv are module for one or more logical channels:

whcrcin Ihc radio head interface module rccouiigures
the siyial gain ofone or niore conimunications chan-
nels based on the pov er level ad)ustment parameters

2 The system of claim I, wherein the server further com-
pnses.

one or more interface devices. wherein the one or more
radio head interface niodules conmuinicate with the cali
processing sofiware niodule over the one or more inter-
face devices.

3 'I'he system of claini 2, wherein one or niore interface
devices includes at Ieast one of a P('I/X interface, a Al'('A
interface. a PCI Express interface„a Ciigabit 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 Ibr PCMIA cards interface, a lugh spccd senal
interface and a lugh speed parallel interface.

4 The system of claim I, wherein one or more air interface
protocols include at least one of Cilobal System for Mobile
conunuiucations (GSM), Adi snead Mobile Phone System
(AMPS), code division multiple access (CDMA), Wide-band
CD)rLA, time division multiple access (TDIVLA). Cellular
l)iytal Packet l)ata (('l)PI)), iinhanced Data rates for (i)M
I:volution (ED(ifi), (ieneral Packet Radio )ervice ((ipR)),
Inteyated Digital Enhanced Network (iDEN), and Orthogo-
nal Frequency Division Multiplexing (OFDM).

5 Tlm system ol'claim 1. wherein power level adt ustment
parmneters include at least one of a signal gain indicator,
signal gain parameters. and a timing trigger

6 Thc system of clami 5, whermn thc tnning Ingger is a
ilCSlglliitCd Ilute.

7 I he system of claim 6. v herein the designated time
correlates to a time count internal to the mudio head interface
module.

0 I'he system of claini 7. wherein radio head interface
nxidule further comprises a global positioning system
receiver, wherein the time count internal to the radio head
interface module is syncluonized with an output signal from
the global positioning systeni receiver.

0 'I'he system of claim 0, wherein the call processing
software module is synchronized with an output sto nal from
the global positioning, system receiver

10. Thc systmn ol claim 5. win:rcui Ihc timing trigger is a
ilcslglliltcd dilui sBIIlplc.

11. The system of claim I„ ivherein the call processin
software conununicates one or more pa es of data samples
v iththeoneormoreradioheadinterfacemodules.eachofthe
onc ol luorc pilgcs ol ihlta winlplcs hBvlllg B page hcadcl,

wherein signal gain adjusunent parameters me contained
in the page header.

12. Thc system ofclaim 1. whereui thc trmisport mediums
arc onc or more of Iv istcd pair cable, optical liber, nullimetcr
v ave, coaxial cable, and I'ree Space Optics (IISO)

13. The system of claini I, wherein the radio head interface
module lurther comprises.

a transmit buffer, the transniit buffer adapted to receive a
data streani from the cali pmcessing software module
and store the data stream as a page of data samplesx

a tIIIIISInl1 CllglllC:

a digitai upconverter, wherein the transmit engine is
adapted to transfer the page of data sample~ from the
transmit buffer to the digital upconverter,

a configuration mana ement unit adapted to receive power
level adjustment parameters fmm the call processing,
software module: and

a meniory adapted with digital upconverter filter param-
eters;
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wherein Ihc conliguration mmlagemcnl uml ls further
adapted to access the memory to klokup digital upcon-
verter biter parameters based on the power level adjust-
nlent parameters,

wherein Ihc conliguration mmlagemcnl uml ls further
adapted to output the digital upconvertcr tiller pariun-
eters to the digital upconverter

14. The system of claim 13, wherein the radio head inter-
face nlodule further comprises:

a receive buffer;
a receive engine; and
ii ihglldl downconvcrtcr,
the receive engine adapted to tmsnsfer a data stream fmm

the digital downconverter to the receive buffer. the
recco c buller adapted to store thc ddla stremn as a page
ol'ata samples. thc rimcivc buffi:r fiirther aiLiptcd to
output the page of data samples to the call processing
software nlodule:

the memory further adapted with di ital downconverter
liltcr parameters,

ivherein the configumstion management lulit is hirther
adapted to access the memory to lookntp digital down-
converter filter parameters based on the power level

adjustment pamsmeters;
ivherein the configumstion management lulit is hirther

adapted to output the digital downconvener filter paranl-
eters to the digital dov nconverter.

15. A 1 di!Io hi dd alter face Bio dole, lie Biodii ic conlprl snlg
a transmit buffer. the transmit buffer adapted to receive a

iLstastream from a call processing soihvare module and
store the data stream as a page ofdata samples having a
page hcadcr,
a transmit engine;
a di ital upconverter. the transmit ellgine adapted to

transfer tlm page of dani samples lrom Ihe lransnul
buffer lo Ihc digital upconvcrtcr,

a configuration management unit adapted to receive
power level adjustment parameters from the call pro-
cessing softv are module; and

a memory adapted w ith digital upconverter filter param-
eters;

wherein the configuration maimgement unit is hirther
adapted to access the memory to loot up associated
digital upconverter filter parameters based on the
power level adjustment parameters:

lvherein the configuration management unit is further
aiLspted to output the associated digital upconverter
liltcr parameters to llm digital up convcrlcr.

16. The radio head interface module ofclaim 15, the mod-
ule further comprising:

a receive buffer,
a receive ettgt tie; and
ii ihglldl downconvcrtcr,
the receive engine adapted to tmsnsfer a data stream fmm

Ihe digital downconvcrtcr 10 lhc receive buffi:r, the
rccen c buffer adapted to store Ihe data stream as a page
of data samples. the receive buffer further adapted to
output the page of data samples to the call processiag
software;

20

lhc memory further adapted with digital downconvencr
filter parameters;

wherein the configuration nlanagement unit is further
adapted to access the memory to looloip the associated
digital dov:nconverter filter parameters based on the
power level adjustment parameters; and

whclcnl thc conllgiiliinon nlanBgcnlcnt unll is lurlhcl
adapted to output Ihe associalixl digital downconvcrler
filter parameters to the diuital downconvener.

17. A coiniulifllcatlon systcnl compl'lslllg'
software module:

a radio head interface nlodule:
a radio head lulit;
nlciins for cnlbcilihng chdnnci slgniil giinl pBrdnlctcrs alto

a page header of a page of a lirst set of complex RF data
sanlplcs;

nleans for conlnninicating the page of the first set of com-
plex RF data samples and pane header front the soft Scare

module to the radio head interface module;
means for extractin the channel signal ain parameters

from the page header.
means ofconunumcaung d second sct of complex RF dais

sanlples fmm the radio head interface module to the
nsdio head unit; and

nleans for adjusting the signal gain of the second set of
compiex RF data samples based on the channel siytai
gain parameters.

18. Thc conununicdtion system of claim 17 fiirthcr com-
pnsnlg

nleans of conlmunicating a third set of complex Rli data
samples front the radio head unit to the radio head inter-
face module;

means of communicating a pa e of a forth set of complex
RF data samples from the radio head interface to the
software module: and

means lilr iuljusnng Ihc signal gmn of thc i'orth sct of
complex RF data samples based on the channel signal
gain parameters.

19. A coiniulifllcatlon systcnl compl'lslllg'
soihvare module:

a radio head interface nlodule:
a radio head unit,
nlciins for cnlbcilihng chdnnci slgniil giinl pBrdnlctcrs alto

a page header of a page of a lirst set of complex RF data
sanlplcs;

nleans for conlnninicating the page of the first set of com-
plex RF data samples and page header from the sofiware
module to the radio head interface module;

means filr extracting thc chmmcl signal gain parmnetcrs
from the page header.

means ol'onunuiucatulg a second pugc of complex RF
data sainples fmm the radio head unit to the radio head
interface module;

means of communicating a page of a third set of complex
RF data samples from the radio head interface to the
software module; mid

means filr adlusung the signal gain of thc gourd set of
complex RF data siunples based on thc channel signal
gam parameters.




