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BACKGROUND OF THE INVENTION 1. Field of the Invention The current ' ° "% &F
i nvent i onWRIBFHE t o wirel ess comunications networks. MEE/BHOBLIEY arly,
the present invention relates to a novel and inproved method of nonitoring
the transm ssion quality of wireless comunications 10 channels. 11.
Description of the Related Art Monitoring the transm ssion quality of
comuni cation channels in 15 wirel ess comruni cati ons networks i s necessary

for system operation. Sysiafib6R6k AbNABrRABIRRAMQIFRAREMGaNNOt be mai ntai ned
W t hout accurate real tine transm ssion quality feedback information.

Transm ssion quality is neasured in terns of Bit Error Rate (BER). In
t el ecommuni cation transmi ssions, the bit error rate is the percentage of

bits that 20 have errors t S received in
a transm ssion. The BER |SB&€§¢3“?3'MSQE ﬁt‘@W@lﬁL@ For exanpl e,
a transméssi on mght have a BER of 4% neaning that, out of 100 bits
transmtted, 4 bits were received in error. Presently, there is no ideal

met hod of nonit oki ' nguality in 25 wireless comunications
systens. Known rré’tﬁﬁdﬁé ?ﬁériior?\‘?%ng}llﬂg I nvolve adding information to the

transmtted signdheselfeit fifverBo t@14t89 tHUMNRERS - corRfinSieidniBhbRE.
nonitoring transm ssion quality is acconplished by inserting a known bit

pattern int Mere Pﬁrtaﬂdnﬂyt dhe sprgAent, inyrhtivonpelatesgta e novelc end ednpiaved

pattern wt ual atter transmtted, to calculate the BER 30
Anot her cur F‘é“ﬁF é] g%%“ |t5a1ﬁfé’aﬁﬁ188n€'§’alé¥d‘éé {"@%S‘c’t EoPApinications

transm tiped Rhg@t. Cyclic redundancy checking is a nethod of checki ng for
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II. Description of the Related Art

Monitoring the transmission quality of communication channels in
15 wireless communications networks is necessary for system operation. System
operation and performance cannot be maintained without accurate real time
transmission quality feedback information.
Transmission quality is measured in terms of Bit Error Rate (BER). In
telecommunication transmissions, the bit error rate is the percentage of bits that
20  have errors relative to the total number of bits received in a transmission. The
BER is usually expressed as a percentage. For example, a transmission might
have a BER of 4%, meaning that, out of 100 bits transmitted, 4 bits were
received in error.
Presently, there is no ideal method of monitoring transmission quality in
25 wireless communications systems. Known methods of monitoring involve
adding information to the transmitted signal solely for monitoring purposes.
One such method of monitoring transmission quality is accomplished by
inserting a known bit pattern into the transmitted signal, and comparing the
received bit pattern with the actual pattern transmitted, to calculate the BER.
30  Another current method adds Cyclic Redundancy Code (CRC) to the
transmitted signal. Cyclic redundancy checking is a method of checking for



PCT/ US0013119 3 7 errors in data that has been transmtted on a

comuni.cat ivahgAdshk- A sending device applies a 16-bit or 32-bi (WA
pofynom al to a block of data that is to be transmtted anggggfs{éﬂr%lswst he

resulting CRC to the block. The receiving end applies the sane pol ynom al
to the data and conpares its result with the result 5 appended by the
sender. |f th&TIOREN ggfthat thae beardransmitied o acenvaunicatibosilinker Asenditigy

GRE i 15 ot B IPLARAE bS8 37 SR A PREAL Rk HECk otk HRoGhBR b
errors. ot arrybauee it bR el MR &8 e e e e i g

invention is apphvethesmné pplyeweatialies Heddah afEidmRparRs itslidsilt Wakig$Se result
conmmruni cation transm ssion channel quality w thout using a percentage of

the channe? tRPBeRdgriby thnsenper. dhthe CREs pgeae;, thes Hgtalssdenrrecéined withoubof
nmoni toring inf or mati on. The nethod of the present invention inproves
channel throuST‘nBﬁ‘t and provides a closer neasure of actual BERs by reusing

information al ready._rﬁartlr In8hidsiod RAnnsl; r e t aki ng
advant age of known i forarrat ilon, L}ﬁlg%lggs g. t‘f’)‘?ﬁésﬁﬁgg@o%@g@aﬁ%ﬁé%ﬁﬁs,
the present i pugeatrisomrc@RGrdsits ao tharnsmsasitied glealal tyeduicehotie wtafhii zilpw
channel bandwi, dth for this purpose. Tq nonitor_ the unknown quality of

channel s wi t hBYPUgBPYAIof dhe shanpelgsiddifionally, GRCeanly indirate dhe friesencsr oy
BERs froq@nomcﬁr@f&glmtz‘aﬁﬁi nanerrrg}i Pe H]ﬁ%pr esent invention generates
hg't & KNOWR © §n‘i‘?§l

proxy BERs by processi formation in the sane way the

nonitored channel is processed. WO 01/ 35546 PCTI USOQO 31193 3 BRI EF

DESCRI PTI ON OF THE DRAW NGS _
SUMMARY OF THE INVENTION

The present invention is a novel and improved method of monitoring

15  wireless communication transmission channel quality without using a

percentage of the channel throughput, energy, and time previously used for

insertion of monitoring information. The method of the present invention

improves channel throughput and provides a closer measure of actual BERs by

reusing information already carried in the channel for other purposes. By

20  taking advantage of known information, such as pilot symbols, to calculate

BERs, the present invention can monitor transmission quality without utilizing
channel bandwidth for this purpose.

To monitor the unknown quality of channels without actual error

measures, the present invention forms proxy BERs from known channel

25  information. The present invention generates proxy BERs by processing the

known channel information in the same way the monitored channel is

processed.



The features, obj ects, and advantages of the present invention wll 1betcong::
nore appakgiigy, %gm the detail ed description set forth bel oMeicasprot aken in
conj uncti on W|t the drawings in which like reference characters identify
correspondi ngly throughout and wherein: G 1 is a high level di agram of a
W rel ess comuni cati ons channel am of the reverse |ink

power control sub-channeBRR IH'TE’(E:UERIHBI@M\OET& DIRAVEINGIS appar at us

enpl oyed by the nethod of the present invention to nonitor channel
quality; FIG 4 is a high level flowhart diagram of the nethod of the
present invention for determ ning power control bit polarity; FIG 5 is a
hi gh | evel flowchEre featagesmnekiects, héndhaqhmtag@anft;he Psemlmaﬁnhgnmlﬂmd

of the pres i nvention, 6 is,a k,dia p ed
by the. br esclRCOMEn Gatfe: BrPATEL G oS, FStrd gieoptiplog: st Bt ReR L Ref|
subchannej waibg mﬁ%@ r@qﬂmem%r a%w@eeupwlhﬁ ﬁm@frﬁf&eﬁ&aensﬂaca;rs
different rate. AIL DESCRI PTI ON PREFERRED E

shows a h|ghdbﬁu@#uﬂragmmmmmg@ahmmqgknsandonhmnucat|ons I|nk betmeen Base
Station 100 and Access Term nal 102. Access Ternlnals 102 are 25 al so known
as nobile station& G wiarhighdevel dinarameata wikeless spgrpunEatiens chapnedn 100

and Access Term 102. comyuni cat e, over known Link 104
and Reverse Li nkn'%]&i Ql'ﬁfﬁrﬂlﬁ‘gf%ﬂ ?fr k}%lrfv?’fSSnﬂ("%%\s%mgFléﬁomm?l%% t%jt“anﬂ:i(f:ess
Term nal 102;py&fird-orward Link 104. Access Terminal 102 is the receiver in
the Forward Link 104. Information travels from Access Terminal 102 30 to

Base Stail on 100 Fier3 Revéiagearhioflapp@tatuBaseldyad byprihd @dethedtdidhe predenér in

the Reverse Link 106. WD 01/ 35546 PCTI USOQ' 31193 4 In the |1S2000 system
reverse Li nkinvgBtipgdo monitarshpanekqualifey er se

FIG. 4 is a high level flowchart diagram of the method of the present
invention for determining power control bit polarity;
FIG. 5 is a high level flowchart diagram of the channel quality
15 monitoring method of the present invention.
FIG. 6 is a block diagram of apparatus employed by the present
invention to control the error rate of the power control subchannel while

maintaining the error rate of the traffic channel at a different rate.

20 DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a high level diagram of a wireless communications link

between Base Station 100 and Access Terminal 102. Access Terminals 102 are

25 also known as mobile stations in wireless communications systems. Base

Station 100 and Access Terminal 102 communicate over 2 links known as

Forward Link 104 and Reverse Link 106. Information travels from Base Station

100 to Access Terminal 102 over Forward Link 104. Access Terminal 102 is the

receiver in the Forward Link 104. Information travels from Access Terminal 102

30 to Base Station 100 over Reverse Link 106. Base Station 100 is the receiver in the
Reverse Link 106.



Fundament al Channel, the Reverse Dedicated Control Channel, the reverise« '/
pi | ot chanpel ng t he Reverse Suppl enental Channel. A reverse
cohtrol su -Uclﬁg?f el is punctured into the reverse pil ot ch%‘é?ﬂf%yﬁhsor to
Wal sh 5 channel i zation and PN spreading. Byts are punctured in with a val ue
of +1 or - 1. The power control sub-channel bits provide Access Term nal
102 with a nechanirsithefIS2d0theyslieny BamesdStLank di06188s tdo chyanugis;othed Reveise

in order to achi eve a specified

transmt power on the Forward Link 104, C

recei ved Fr aﬁm‘%f&%?aé %@%?FE}FQ) Reggete Lisdigated {someplnChannalpthe gpyerse
Stati 100 t j.nal <102 what .t desired FER is f t h
Forvard Li nk IS CEREEE ot i HADP sdpifehiGir el A RS Re totBtlgn

the power const.dmthaﬁﬁ{mﬁdgmmea ep@bacihe rbver8LhiNAS 1€ bRy e 8vhisRK
106. Achieving the desired FER on the Forward Li'nk 104 a IO\RIS the wirel ess

communi catd onchaystieation andePNspldadihg. Bits arbpubaseed timtwidna pales of ahdr -
create as little_network interference, as Possi ble to 15 maintain

accept abl e cohmm}ec BPVEEsCiERl FuP-chrensd iirsupeoafle vheess lgrmamal Hwerithand
Stat! on 100 1AFTOVETBORE SRR BBt ST A AR B TRF ftiter Moyt
| ncrease powehodddn tRE FoPHa RSP WL in(orkbr %a&Gstarsgl@Eqisg'ﬂaKei%gé ‘Frame

dependi ng on ether the BER recei ved by Access Termn I's above or

20 bel ow t he EmsiureRataffERydevdlyfoBaseesst Béintinall 002, BiseaStatibhe100atily éccess
enbodi nent, the power control command bits can be a nmultiple-bit command

cont ai ni n§ t hEerminalh02 wihag dhe degegdi FEReistor thp Berward Hink 14y end ghpoviase
trol sub- | .Nnot. tection. It strictl

carri es i nforstanpantdtbaRenet dhal 1M fcbRen, i el ot omangs, -

Forward Link g@4nidk, lit"&%céi%ﬂbﬁfthl@R\Q@érs@%ﬁk%&?%’H@Wﬁ% Fg‘{glésgﬁgﬁﬁgkqnj@%

reverse power contro sub- channel does not carry user

purpose . is fdforpewtrLinkriodalllonds FerwiretbskicolnmOdicatibrs sysaémity e dshiettle of
reverse power control sub-channel is unknown unless sone nonitoring is
performed. THE BaseSEAIon ROWEE il FTRAte aF dittle metiark inteerange, 2epessiielegover

conty of o4 SRy RS AORU oS RHILAS A L LA 310
power and interference with other Access Terminals increase system capacity.
Base Station 100 follows power control commands from Access Terminal
102 to increase power (+1), or decrease power (-1) on the Forward Link 104,
depending on whether the BER received by Access Terminal 102 is above or
20  below the desired rate set by Base Station 100. In an alternative embodiment,
the power control command bits can be a multiple-bit command containing the
amount of power adjustment requested.
The reverse power control sub-channel does not carry ary error
detection. It strictly carries information about the quality of the transmission on
25  the Forward Link 104 in the form of power control commands, or feedback.
The reverse power control sub-channel does not carry user traffic bits. Its
purpose is for power control of Forward Link 104. The quality of the reverse
power control sub-channel is unknown unless some monitoring is performed.
The present invention monitors the quality of the reverse power control sub-
30 channel without inserting monitoring information by using a proxy, or an

extrapolated method, illustrated by the following figures.



WD 01135546 PCTI USOOI 31193 Due to the nature of creating a proxy BERj for: i
unknown channel infornation from known channel information F?sto%l 4)3] ed in

the art wWPOl3i¥ter stand that the nethod of nonitoring qual,P 0483 t he

Reverse Link of the exenplary enbodi nent smy be applied to any wrel ess
communi cation 5 channel. Wrel ess comuni cati on channels are defined as
specified in "PhyDwalto tleyenatSteandacctatiog edpa2@0BESp fenduspestm whannel
Systens" incorporated by reference heregrgprThe_ pr esent L]n ention proviijes

a mechani sm tisforegtions agyoknewps channgly HaheRr RRRcEited | Reths prt wil

"Physi cal L S f 1 " il |
be. under st codHAsRarang LEmEHTRT BTl Bhaltp Gk U MERRFe L 8t
comuni cat i oRge SShRIBr2 BFhBdMEnehP&nBY G5 Bbpliéd 48 Nryo Wit dle@Otorhiirtietdidrd

scope to 1S-2000 CDVA systens but can be applied to other wirel ess
comuni cabi orthasyslt ens. FIG 2 shows a diagram of the reverse |ink power

control sub-channel 15 structure of the exenplary epbodi nept, Eg 1,2
mlliseconds, a PHEelesegpmmrnisatiop ‘(@@GFFSZ@)% ‘&%ﬁlﬁ‘?dgg% ﬁp??gﬁddﬂ ﬁﬁﬁ‘é(sma?
reverse pilot, cha | . e )/ ' | s

pi | ot chgnnell‘afﬁﬁrgggﬂdiﬁ f§¥ ‘{%réagqégngpéags Sﬁg%?fs{g% gﬂv?eg‘?!cc%ﬁ%rr%?%%&eoy

sub- channel 2Q2reddehdtelnt TERGHRSN2BRehtoR proniiednt methanisinue &isgiGRRO00
carrying no information. The reverse power control sub-channel 20 202 is a

repetition ofphysiat taywamerfsowance siafingd ini {Physigpddayern Stagidard for gdmar@eQq

by Access Term nal .102. | Lechn y i ,S.0f Len sured.in.
units of 10hi F%Brf"ﬁ:& §BF%t5‘dmrn%¥%eTso‘f (i{]wglll ?’%%ﬁ%?/gﬁg?ﬁ &{eh%re%&ﬂ Vgﬁtl”‘lf)[qusét e
is 1.2288M ch B%l(l}%eéz%ﬁl?&%'[@’tolo%rpcwﬂc%m%Qﬂbﬂé PR &REOMd) preseRL3. 8
nanoseconds. A P 4 contains 384 Pilot Signal chips 200 and 128 25
Power Cont r olineéitis 0ot limitedeinescopp|tarlf-2800 SdPEhsystams higes breeppligd t he
reverse pilot channel wthin a PCG are transmtted at nomnally the sane

power |evel, tﬁé’é}r‘lfi’rn‘guﬁ}?és C‘P’"I“F’g‘)‘t‘“’éf‘@ﬂ%s! SYSHEIBE: 200 and Power Control chips
202 Nave e S2C D]y LR Mty B e iald R0 Gbibartinatoel be
15  structure of the exemplary embodiment. Each 1.25 milliseconds, a Power
Control Group (PCG) 204 is transmitted on the reverse pilot channel. In every
PCG 204, % of the signal is reverse pilot channel 200 and ' of the signal is
reverse power control sub-channel 202. The pilot channel 200 is a constant +1
value signal, carrying no information. The reverse power control sub-channel
20 202 is a repetition of the forward power control bit command, +1 or -1,
generated by Access Terminal 102. In CDMA technology, time is often
measured in units of chip. In spread rate 1 of the I5-2000 system, the CDMA
chip rate is 1.2288M chips per second, 1 chip = 1/(1.2288M chips per second) =
813.8 nanoseconds. A PCG 204 contains 384 Pilot Signal chips 200 and 128
25 Power Control chips 202.
In the exemplary embodiment, all chips sent on the reverse pilot channel
within a PCG are transmitted at nominally the same power level, meaning the
Pilot Signal chips 200 and Power Control chips 202 have the same amplitude with
a total duration ratio of 3:1. It will be understood by one skilled in the art that the
30  present invention can be extended to cases where other relationships between the
pilot symbols and the power control bits exists. The present invention exploits

these known channel characteristics. By monitoring the known pilot channel



30 present invention can be extended to cases where other relationshilps™ 7
between th I1ot synbols and the power control bits exists. The present

i nventi on Sﬁ{bﬁsﬁsg t hese known channel characteristics. ByPFbNSPUSiIRY t he
known pilot channel WO 01/35546 PCTfUSOO 3}193 6 signal, the present

I nvention generates a proxy BER which will be simlar to the actual BER of

t he unknown i sighel, rtheiporesérnt mhmﬁmgéﬁaamwegr@@nBERl whithr well BBReilaf RS the
present invention, provides a way to nonitor BER of channels that 5 have

sone known chastyat HER( 9k dhe sindmonen pnfasmatipmbén sther repierset polveanedstrol sub-
W t hout the uge rgt{elCRC bits or any other insertion of known bit patterns
into the bit Streamitself. By | ooking at the side information produced

fromthe knoun Chahach@ki! inentdtProttade v % HEARBPBER AP RERERNHE

determned indirectly for the un ntfor mat’ on, suc e revers

power cont ol havd semexiampie dfarattbestidenomehi af ofilGt kpmbols ilot channels,
communi cati ons, channpel s are&il ot synbols. Pilot synbols are treated the
sane as pi| ot Wéthanhdhe usepECRE bite s 2ay dither mwesioradf kewp kit patabrudinte ihe

f th . . t invention.t i t h |
ol 1oy PPt b S e B IS 8P B0L ol e lignd oAyt s dBS known
comuni cat i onchaayEleeREics, Fieh ad FheAPilstY Matie S DRMBERGRALAL erttﬂﬁ'tea]i ihﬂ%rﬁe‘éhg%?'
- e

and the power control channels fromthe conbined received signa hi ps
are separ at edthegmknowrhiefproatiobesudhoisathe mevarse powed controbr der to gener at e

artifici bit errQrs on the pilqgt channel = to use as a_ proxy for the BER
on the pgwer contr ﬁf‘f‘@plﬁc& Og%hgﬂgwf‘héﬂtﬁ%“@ﬂ it feDMA er @& 2IgAEPNS
only through &heapy sheasitory | érv]m ' . i

quality. Antenna 300 is a t?gﬂ)g%cltg?&t at c%h%%%eggﬂ%%%fe& %Tllr%et%ﬂglﬁ%‘f/
fields into (alteFHat Brahoowsr & elidgradCobranvexienpREp mbodiaeit W Bt §PParatus

intercepts RF energy _and delivers ACto electronic_ equipnent. The received
anal og si gnal eTRRIBIES byathecRFRseBt dnegntictode maditps channebavaliyedand test the

baseband anal}?&'félirg%e BY thgeph}%?caﬁ qgf(l_rvgf Ctjn%re g:lsjsl %(gr%rmgrlu%gg&tls ?é?fgt'ems. The
15  apparatus shown separates the pilot channel and the power control channels
from the combined received signal. The chips are separated so that they can be
coherently summed, in order to generate artificial bit errors on the pilot channel
to use as a proxy for the BER on the power control bits. FIG. 3 shows the path of
the received signal only through the hardware used by the invention to monitor
20  signal quality.

Antenna 300 is a transducer that converts RF (radio-frequency) fields into
(alternating current) AC or vice-versa. A receive antenna intercepts RF energy
and delivers AC to electronic equipment. The received analog signal reaches
antenna element 300, and is downconverted to a baseband analog signal by the

25 receive demodulator element 302.

After downconversion 302, the reverse power control sub-channel can be
separated from the other channels in the signal.

The received signal is broken down into its In Phase () and Quadrature
{(Q) components by multiplier 3042 and 304b respectively, producing a stream

30  of complex numbers.
De-spreader elements 306 multiply out the pseudorandom (PN)

sequences, or separate out the chips. PN sequences are pseudorandom



After downconversion 302, the reverse power control sub-channel can ke . . .
separated fromthe other channels in the signal. The receil;/celgU 'ogggg is
broken doW®8#f#6its I n Phase (1) and Quadrature (Q conponénts Dby

mul tiplier 304a and 304b respectively, preducing a stream 30 of conplex
nunbers. De-spreader elenents 306 nmultiply out the pseudorandom ( PN)
sequences, onusdpes asel muvirtehss chirpsuniPAlisesjiresepasata sebagdrats sgnadmnibe
01/ 35546 PCT/ US00/ 31193 7 nunbers used in wreless conmunicatiops to
separat e subBese Blationsiegpixess. i erpaeadnys S06irioryRe o diangr & samplesrfher s

306 produce the. |  and f.th i.ginal. signal  wifh akl of th
chanhel s i n OHEA EraS T GhaF s Rels b it APl SRRpL I Cofladl oo
and reverse power TNl Olse SHRSCORIRHRI ﬁcﬁre&rﬁ%@@r%rﬂ%l §ul0Ohhive] are

original signal by multipli'ers 308 and sunmers Mul tipliers 308

separate 3 hes\;/evigadﬁneuduai fronanhelridinansighal dgndnuttepliers O8I ahy suminerpBId.ng

it wth the | sh code for the channel, al so known as renoving the Y%Ish
y

cover. A \Wal Mulbplers 30%separateofenarivdyabehannelefronh the Fambéged signa

[ ti . t h iy | t; {
conbi ne. “or HtaYEEHvLE e WAk Toag o Wi Renfr” R KPS BiRbE g the | o
separated chaniel SOUET i WRalsTNEoReRATH efithBRARLeqiirizes LRI Svisbdsched

312 to a power control bit vector sumer el erent 314 during the 1/4 of the
1.25 m |l i secomehiBGGtionsao spparavel chdratels.he reverse power control

sub-channel signal is present. The qutput 15 of the r control bit
vector stmer el eRBmmerglemenis,glg %‘gﬁrg'ééy ﬁBWg’lmef&fr#ﬁﬁgs GPERRIRE PEMPeffye
separated chgnngl. _chi I8 SW | et er  summer

el enent 316 f:;l}{r%"d&l alﬁggt F?@FLES%WCE%S’ }éﬁe{c}{éggr% ggﬁétm%%ﬂ%ﬁ%é%tgéﬂdgeduri ng the 3/4
of the 1.25 nilli yReeagarRd tHdimepehipardainis sWiclieeVEIS® Ppipbetercbanodbit20

signal is present. The output of the pilot filter summer_elenent_314 is a

sliding w ndewos smumhepielestergh3tihduriwg e Whot khe louatlisereng e et or

reference period that the reverse power control sub-channel signal is present. The output

15 of the power control bit vector summer element 314 is the received power
control bit vector.

The separated channel chip stream is switched 312 to a pilot filter
summer element 316 and an artificial bit vector summer element 318 during the
3/4 of the 1.25 millisecond PCG time period that the reverse pilot channel

20 signal is present. The output of the pilot filter summer element 314 is a sliding
window sum of pilot channel chips which produces the pilot filter reference
vector. The artificial bit vector summer element 314 is novel to the present
invention. The output of the artificial control bit vector summer element 314 is
an extracted segment of the pilot filter reference vector that represents an

25  artificial power control bit vector.

The present invention projects the power control bit vector onto the pilot
filter reference vector to determine power control bit polarity. Similarly, the
artificial power control bit vector is projected onto the pilot filter reference
vector to create a proxy BER for the unknown power control bits.

30 The power control bits (+1/-1) are taken out of the waveform of the

reverse power control sub-channel by summing all the chips within the

duration of that PCB coherently (adding vectors or complex number as a



vector. The artificial bit vector summer el enment 314 is novel to the ;- : -
present invention. The output of the artificial control bit vector sumrer’ =
el ement 3WOPEISSHn extracted segnent of the pilot filter r@C&ABA¥E%%ct or
that represents an 25 artificial power c@ntrol bit vector. The present
I nvention projects the power control bit vector onto the pilot filter

reference vegimplekosideiratisinie The\wilot ehRhASl sihil BOAIEH bt oSIHE Waldfirmt bie
artificial power control bit vector is projected onto the pilot filter

reference ViégtEverse power econtpy sup-dErRufebrbyt heherekHywumpomieg albimbe ahipsi ts.
30 The power_ control. +1/-1). ar n out of t eform of  the

reverse pomwltggh?r%VQ‘i%E%Jéﬂﬁlﬁﬁ I“I‘B‘ilg'%]%gﬁlf?ﬁn@ AP & \%‘ls/"eﬁﬁ fnditfé?éent
duration of §%%%1§'8§5§98{¥? fagggﬁagl%g?%&%or conpl ex nunber as a WO

01/ 35546 PCT/ US conpl ex summati o he pilot channel signal is

taken out5 of the Brveding rthefvectdie ¢reueids én RBwEFoleREH ShmeMdticinarnak Hiot
coherently summing all the chips wthin a given duration of tinme sel ected

to optim ze ¢wanebrbinsndle poeseat fineertinn extrapatdtes andndirents meashrease ritactt
and sl ow fading. 5 By usi t he vectors, created.in the coherent mat i on
of the pil o?the%ﬁ‘éﬂ{n@xe 8Hith,p oM C}S’Pg@éﬁba & C:B‘rfaél?fjf EBG’I‘%ﬁSB_Ee‘fiH‘rFﬁ Yrect
measur enent Phe mieBRo@ bF S%triB618iBA if HELMRWEH tRO R . Whi ch cannot be
nmeasured directly- The nmethod of extrapolation is detaitfed in the follow ng
figures. FIG 4 iBlG 4iigh highelevél foeivhatt diaggimnobthd heethed hddhefprebent

present _ 10 invention for determ ning power control bit polarity. The power
control ¥ t snvaplon 4pp sgtermining, power \goatrol iy palasityr ahRevpewed . contre! bits

' ' h ' - the hits, | in th
ot ved o1 oS A BEEL ok iE PR Ty ok thaimitiek i, e Rl Suut Rl iyl "

i ncorrect poahargdlyrigf (4her rerel wedbROWeloisé e tthelreRiiVed BRSAU TR BASROMRS
control bits are transmtted without error 15 detection inforndtion, the
recei ver carfigegeivRnéw flipdihe BEROT peleet the ingormst pdlerityr of dhe aeceiwerh gpovkerow

R T T A T S BT I
15 detection information, the receiver cannot know their BER. In other words, the
receiver cannot know the frequency with which it selects the incorrect polarity.
The method of power control bit polarity determination is presented to
illustrate the unknown information for which the present invention provides a
proxy BER
20 Bit polarity determination begins in block 400, by coherently summing
the pilot channel chips to create a reference vector of +1 valued chips, the
known value of the pilot signal. The vector is the sum of many pilot channel
chips. The more pilot channel chips that are summed, the larger the pilot
channel vector becomes, to the extent that the channel remains stationary.
25 Random noise components of the samples cancel each other out, while the pilot
vector gets larger in the same direction. A stable +1 valued reference vector
with a high signal to noise ratio (5/N) is produced, against which the polarity
of the power control bit can be judged by the receiver.
In block 402, all the power control chips of the PCG for the given power

30  control bit are coherently summed to create a PCB vector.



illustrate the unknown information for which the present invention priovides

a proxy BERAQsfit polarity determ nation begins in bl ockpéffsooly193
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exani ni ng t hs sioge then Phalegrers: theorecgvred peweaneentrok bit iedetegimined Fpéerive
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monitoring method of the present invention.

15 In the exemplary embodiment of the present invention, artificial bit
errors are generated on the pilot channel, and the BER of the artificial bits is
used as a proxy BER for the power control sub-channel BER. The proxy BER
can be used because the error rate of both channels is statistically the same.

In block 500, a pilot channel reference vector is created in the same

20  manner used to determine power control bit polarity (block 400 of Figure 4).
The present invention uses the property that the pilot channel is always of the
same polarity, it doesn’t carry signal, and it is constant. Because it is constant, a
segment (a duration of time) of the vector can be extracted to represent an
artificial bit. One skilled in the art will understand that using the known

25  property of a channel can be extended to any pilot channel or pilot symbol with
a known pattern.

In block 502, chips are extracted from the pilot channel vector to form 2
segrﬁent of the vector. The chips of the extracted pilot channel vector segment
are coherently added to form a complex number (vector) to represent the

30 artificial power control bit, also known as a feedback bit. The segment is used
as if it were the power control bit. Because the power control bit is transmitted

in a similar way to the pilot on the reverse link, a segment of the pilot vector



errors are generated on the pilot channel, and the BER of the artificjal, .
bits is used as_a proxy BER for the power control sub-channel BER. The-
proxy BER “OH'¥¥used because the error rate of both channfKU3edi31193
statistically the sane. In block 500, a pijgot channel reference vector is
created in the sanme 20 manner used to determ ne power control bit polarity
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can be extracted and treated as a test signal (or artificial bit), to test
whet her the quedted ity deterounirg:the palarivy of tbermrtfitial bity.. BBoauss irialkrionvia
smal | segpent, of PCG vector is transmtied jn the sgne direction as the
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pil ot channel chips were not transmtted as such. A proxy BER for_the
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pol ari ty 16esutdtishiaslipequividéntiindaas theldhineatdisd statibti€csleiuring the % of the
time the power control bit is present as during the % of the time the pilot is
present. The present invention uses this method of testing a known signal that
has the same S/N ratio as an unknown signal to extrapolate a BER for the
unknown information.

20 The artificially created power control bits of the present invention can be
monitored in parallel with demodulating the power control bits on the reverse
link to create a real time proxy BER.

The proxy BER of the present invention is used by the wireless
communications system to maintain transmission quality, fix transmission

25  quality at a specific level, ensure individual channels have individual quality
levels, and test the physical layer of the system.

 In block 504, the inner product of the pilot vector and the artificial bit
vectors is taken. The inner product projects the artificial power control bit
vector on to the pilot channel vector. The inner product result yields a signed

30  result indicating the polarity.

The polarity of the artificial power control bit is determined in block 506
by examining the sign of the inner {or dot) product. If the sign is positive or the



determ ned how often this incorrect result was calculated. This calculation
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pol ari Ty, THEVBGRSF bt FELD AR e BCBOMAE GBR FOPTHCE. 108t Brd i n
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'S channel characterized by Average Guassian White Noise (AWGN). In an

15 AWGN channel, the channel characteristics do not change over time. Actual
noise seen from vector to vector is independent, and the S/N ratio is high.
Summing more samples creates a more stable reference vector.

However, if the channel is time variant, or fades over time, the reference
pilot vector changes by becoming longer and shorter at different angles. In this

20 case, summing over too long a duration may result in the vectors canceling each
other out.

In fading channels where a long summing duration does not produce a
more stable reference, the present invention calibrates the summing duration of
the pilot reference vector.

25 The present invention creates calibration tables by categorizing channel
types in a test environment, and sending known information patterns to
receivers in each category such as slow fading, fast fading, no fading (AWGN)
etc., and comparing the proxy BER with the true BER, which can be determined
from the known patterns available to the tester. The receiver classifies the

30 channel environment by examining such information as variations in the pilot

signal and the number of locked receiver fingers. The receiver uses the



calcul ated fromthe BER of the artificial bits, and calibrated for the = ™
channel  cRyyAgkeii stics of the pilot channel fromwhich th 5031193
extracted. 10 TEe present invention calibrates the proxy BE%ljt-fggconpensate
for changi ng channel conditions by adjustl2ng the | ength, or sunmation
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over time. Actual noise seen fromvector to vector is independent, and the
S/Nratio is _high, = Sunm ng nore sanples creates a nore stable reference
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25 The presgnt | hVent i on crelé‘?'g‘g? Gal i brat i oﬁO-PQ%“F’es by ca égé’ﬁ??". ng channpel
types in a test environment, and Sendlng Known Tnformation patterns to
receivers in each category such as slow fading, fast fading, no fading
(AWGN) ebc., and Thenpedeiver ey prsexsheBEDIwi (dr fihe tharmeBERassificationsamndbe
determined fromthe known patterns available to the tester. The receiver

classifies tKerBOieRaMTell B3y MKAERPrOFeRsIANiCHSAgicatiens PREOI AV YHEEaS Of

The recel ver Tokactioh s PaRtns e Bl b dhpbs CAEh R AR aRe
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of the exenplary enbodi nent could be shown as: Proxy BERL X 10 exP -1l X 10
exp -1 to - 3roRditiprsy fhe cpreectiogs are then put back into the proxy BER calculations.

10 Channel 5/N ratios differ on the Forward Link 104 from the Reverse

Link 106. The BER extrapolation method of the present invention can be
applied to Forward link channels as well as Reverse Link Channels by adding
the extra step of adjusting for the unknown power ratios on the Forward Link
channels.
15 On the Forward Link, the power control bits are not punctured into the
Forward Link power control sub-channel at the same power level as the pilot.
The Forward Link pilot power level is much stronger than the power control
bits. The ratio of the power between power control bits and the forward pilot
channel in unknown by the receiver. The forward pilot channel power is
20 usually at a fixed percentage of the cell power (approximately 20%). The
forward power control sub-channel power level is also tied to the forward
fundamental, or host channel. The present invention selects shorter summing
durations for the pilot reference window on the Forward Link which produce
the same level of energy as the power control bits when creating vectors for
25  proxy BERs on the Forward Link.
To extract the right amount of chips from the pilot reference to make the
energy the same on both channel samples, the present invention uses methods

of looking at the received S/N ratio of pilot channel and power control channel
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In addition, the power control bit vector, the pilot reference vector and

15  the artificial bit vector are provided to control processor 604. Control processor
604 computes the bit error rate of the power control subchannel as described
above. Control processor 604 computes error rates for both the traffic channel
and the power control subchannel.

In the exemplary embodiment, base station 100 transmits a message

20  requesting access terminal 102 to increase or decrease the transmission energy
difference between the transmission energy of the pilot channel and the traffic
channel. This operation can alternatively be performed by independently
controlling the transmission energies of the pilot channel and the traffic
channel.

25 In the exemplary embodiment, message generator 606 generates a
general up/down comumand to control the transmission energy of access
terminal 102 in general and in addition generates a message indicative of
changes to the energy relationship between the transmission energy of the pilot
channei and the traffic channel.

30 The messages are provided to modulator 608 and are modulated for

transmission. The modulated symbols are provided to transmitter 610 which
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determining S/N ratios by conputation. Relatively accurate calibration: = ¢*
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channel . 25 In the exenplary enbodi nent, nessage generator 606 generates a
general up/d tcorrlmanddt.q control the transm ssion energy of access
ternminal 1021 N gehétaf9dfid in addition generates a message indicative of
changes to the energy relationship between the transm ssion energy of the
pil ot channel and the traffic channel. 30 The nessages are provided to
nodul at or 608 and are nodul ated for transm ssion. The nodul ated synbol s
are provided to transmtter 610 which



WO 01/ 35546 PCT/USOQ/ 31193 14 up converts anplifies and filters the . .,
symbol s for transm ssion through antenna 612. The previous description of
the preferred enbodinments is provided to enable any person skilled in the
art to make or use the present inventifg. The 5 various nodifications to

t hese enbodinments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other

enbodi ments wi t hout the use of the Q@ﬂgﬂﬁsve faculty. Thus, the present
invention is not intended to be |lim 0 the enbodi ments shown herein but
is to be accorded the wi dest scope consistent with the principles and
novel 10 features_ disclosed herein. What aimed is: 15 . CLAIMS 1. A
met hod fdr modt trBFthed) i Phén‘éfuwgy‘thqltﬁlﬂ@hé\ﬁ/n“WiﬁPWn’é@WnPﬁ iR i verlsss

conmuni cap)) 1&“@1@@8{ aﬂ“—?ﬁknr eceiving the information containing

bot h known 1 n OI’ITB.tIO information bits, wherein the
unknown i nf or nedeivang lthet mfammtxpn nohtairadg ibotht hmomndwﬁnrmzitmhobimaaﬂcbnnlbim
creating, oxy bit error rate fromknown ch neI i nf ormati,on d using
e pr osgriplatian, Bis, Hburtfo e SRoO HCH Gt A BUSHAEY B e Bk nown
channel L AhiRHR: bits. 2. The nethod of Caim1 wherein no information
is inserted into thée transmtted signal of the wrel ess communications
channel for quedahng(arpmuythnremg rga fpos ksowiBchanhel infermetdorofandl ai m 1 furt her

ener ot e Sai o "SR BTE B FEPr dl 65 ORTR fstst itk Sy o PR s o

gener at i RPamRl glf@,{ﬁdtlhh%;tgl bits conprises: summing transmtted chips of
known i nformation; and
2. The method of Claim 1 wherein no information is inserted into the transmitted

signal of the wireless communications channel for quality monitoring purposes.

3. The method of Claim 1 further comprising;
creating artificial bits from known channel information to generate said proxy bit

error rate.

4, The method of Claim 3 wherein said generating said artificial bits comprises:
summing transmitted chips of known information; and
projecting said artificial bit onto a known reference vector to create said proxy bit

error rate.

S, The method of Claim 1 wherein said generating said proxy bit error rate comprises:

calibrating said bit error rate for channel characteristics.

6. The method of Claim 1 wherein said bit error rate is used for information quality

monitoring purposes.

7. The method of Claim 1 wherein said bit error rate is used for physical layer testing

purposes.

"’1|



projecting said artificial bit onto a known reference vector to crehté ‘said
proxy bit error rate. 5. The nmethod of Claiml| wherein said generating
said proxy bit error rate conprises: «calibrating said bit error rate for
channel characteristics. 6. The nethod,of Claim1l wherein said bit error
rate is used for information quality nitoring purposes. 7. The nethod of
Claiml wherein said bit error rate is used for physical |ayer testing
purposes.g 16 &.T. t } r e i Is rafte. i sed
for mai ntgéi ni %e @?gﬁgmggg:l%ﬁl c?ug}lhlgﬁ/n. ‘é’gﬁ ﬁjﬁge rrQtrr)gt 8% I%fug% g{)[mn?"\%ﬁg?lg] n

sai d bit tensmissibaigealitg. used for fixing transm ssion quality at a specific
| evel . 10. The method of Claim1l wherein said bit error rate is used for
provi di ng individual channel transm ssion quality |evels.

9. The method of Claim 1 wherein said bit error rate is used for fixing transmission

quality at a specific level.

10.  The method of Claim 1 wherein said bit error rate is used for providing individual

channel transmission quality levels.



