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WD 01/ 35546 PCT/ USOQ 31193 1 METHOD FOR MONrr ORI NG TRANSM SSI ON QUALI TY
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The current
i nvent ivomora8saé es to wi rel ess conmuni cations networks. ROTASpMIEXul arly, ,
the present invention relates to a nov and i nproved nmethod of nonitoring
the transm ssion quality of wireless comrunications 10 channels. 11.
Description of the Related Art Monitoring the transm ssion quality of 5
~ communi cation channels in 15 wrel ess conmmunications networks is necessary
for system operation. S¢sheRroRRERADRMAG TRAGNESIORHURGEE cannot be
mai nt ai ned wit hout accurate real tinme transm ssion quality feedback
I nformati on. Transmi ssion quality is nmeasured in terns of Bit Error Rate
(BER). In_ telecommunication transm ssions, the bit error rate is the
percentage of bits that . : EWV | nunber of
bits received in a trans%ggﬁgqgﬂg%{b?spfgﬁa y%rgg;lgégd as a
percent age. For exanple, a transm ssion mght have a BER of 4% neaning
that, "out of 100 bits transmtted, 4 bits were received in error.
Presently, thef ;bR BPildREd edtfd10d Oof nonitoring transm ssion quality in
25 wirel ess conmuni cations systens. Known nethods of nonitoring involve
‘addi ng i nf or meThencu@enh énverationn feltds stogmateless ebsnrhanications atetwgrks.

pur poses._ One such _nethod of nonitoring transm ssion quality is '
acconpl i siwe ppartiqudasly, e Prepeiin Ipyentinn delates te id invel rand smpreyedi gnal |

and conpay] ' |t LI Wt D pF!(iﬁ S
transm t%&%%%?a cogﬁgiﬁéﬁ ﬁgéglr:%%%%s r?otqﬁfglrﬁ}gg)rf?g?#?éﬁ%t%o 51"%1 s?t Vel ic
Redunancshaze@dts.(CRC) to the transmitted signal. Cyclic redundancy
checking is a nethod of checking for ---------- --

II. Description of the Related Art

_ Monitoring the transmission ciuality 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 accbmplished by

ingerting 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 Reduridancy Code (CRC) to the

transmitted signal. Cyclic redundancy checking is a method of checking for



WO 01/ 35546 PCT/US00/31193 2 errors in data that has been transmtted on
a comuiwaaudssas | ink. A sending device applies a 16-bi tPGHUSPI/SEL?
‘polynom al to a block of data that is to,be transmtted and appends the
resulting CRC to the block. The receivi n% end applies the sanme pol ynom al

to the dat arafd ifi GERAHER hdsShde@Stthhsititidd bhe EatinieatiBRERAR] DYerding

-sender. If the CRCs agree, the data has been received without error. Any
transm ssi devipeahppliesranlé-biti org32abih polyritmial ddds blodwof Wata that isstaydeor

o oo brapeattedosm bppendeSharessivig: CRC % ke Hadon 1B pec i gtg eBd ©
’ 1 dapy | :
Tnvent | o ABPLeh ie PERR Boliorpidlorthe ok Hh clnitard s WYY il eatliocent

conmmuni gat ia@?ehaeaw' theiseAden afftae CRE@Y hfiee\ it \@ath Hisib@ngecdiPéd vitlaga Of
t he channel "throughput, energy, and time previously used for insertion of

noni t ori ng errdgror mat i on. The net hod of the present invention inproves
channel throughput and provi des a.cl oser, neasur e, of, act.ual b eusi ng
information alr e‘gﬂ){/_té%ﬂ ’é&?anPg]éthﬁ%?mE‘?r’?%rmﬁm "%ﬂ%o’éﬁgﬁw%ﬁi’ftaki ng
advant age Gy Aol EREMBIGOR HCABrRika! AP etiuck® G2l GUEAL SHloRERS,

t he present invention can nmonitor transm ssion~quality wthout utilizing
channel banHyéwiiltputost thei chaphehoYedditionatlyj ORCd balyuindicate thePresencefof
channel s wi_t hout "actual error nmneasures, the present invention forns proxy
BERS f ifm Kievhenemaet a toe mepsareefitha BERie present invention generat es

proxy BERs by processing the known channel information in the sane way the
noni tored channel is processed. WO 01/35546 PCT/USQQ 31193 3 BRI EF

DESCRI PTI ON OF THE DRAW NGSGUMMARY 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, objects, and advantages of the present invention will becone
nore apparepisssd@m t he detailed description set forth bel porwsens1iss t aken
in conjunction with the drawings in which |ike reference characters

i dentify correspondi ngly throughout and #herein: FIG 1 is a hi gh | evel -
diagramof a wireless c | I agram of the
reverse |ink power contﬁmmﬁggwﬁwﬁpuﬁ&élﬁﬁlgé a di agram
of apparatus enpl oyed by the nmethod of the present invention to nonitor
channel quality, FI G 4 is a high level flowhart diagram of the nethod of

t he present nv, term_ni.n er co bit ar i Fl. 5
Is a high IeveI f‘i?%v@ S’dgﬁﬁfetimagfl %ﬁg r?zgﬁ'ﬁe‘i’ft ﬁ%l?rteﬁe ?‘f?ﬁf"i{% ﬁ
met hod of th&ohie st hpyLidht FomMiHe dét;ﬁ}%dad@é&gﬁdﬁ e %&beeamam{eﬂs .
enpl oyed by the present™" invention to control error rate of the power
cont r ol 5subekem nial comyhnbhon nwitht thenidegwirigs ém rwhichatike ofeféedence réhiataaters

channel at d| fferent 20 DETAI LED DESCRI PTI ON OF PREFERRED
ENMBODI MENTS4E 1n ghantiangl whersinof a wirel ess

P 'Fl%ébg%éﬁﬁ%%%?é%ﬁf‘aﬁ%éﬁ el Bl el
communi cati ons spIgd.epsis BagReorathabf QRe 1idefddd HAKC BSvel CEALRR sdéhannel
comruni cate over 2 |inks knO\%n Forward Link 104 and Reverse Link 106.

| nf or mat i orstiuciwxd; s fr om Base St atlon 100 to Access Term nal 102 over
Forward Link 10 cess.Termn 102 is th eiyer in the Forward Link
104. | d%rmatio GA |asd1@saeﬁm @mr#@ﬁﬁﬂﬂﬁp}'g@ ydhempethodo sggmrswrﬁoo |
over Rever 4 O is the receiver in the Reverse

Li nk 106. %ﬁvéﬁ@%cgg‘féﬁg’ﬁ}“'" ) %g'

FIG. 4 is a high level flowchart d1agram 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.

CNT O



In the 1S2000 system reverse Link 106 has 4 channels; the Reverse
Fundanewmtab1/58s4snnel , t he Reverse Dedi cated Control Chann@®@CI/Usee3118¥er se
pil ot channel, and the Reverse Suppl enenfal Channel. A reverse power _
control sub-channel is punctured into the reverse pilot channel, prior to

Wal sh 5 channel iz afh.0f5n06 A?rélg)%ﬂg%g%rﬁghne. tg??r}@aspgn&{ 6. | the"RkbeReval ue

-of +1 or - 1. The power con u a S provide Access Term nal

102 wi.t h aFundaehwmitalmChannel)rthe dRegersa sPedicatedo Cohbidl tChagmelp the rdoersei n
transmt power on the Forward Link 104, in_order to achieve a specified

recei ved Fpietchangljand the Reyemsebupplements] Chepash AdevensaIponoer copdeal
Station 100 tells Access 10 Term nal 102 what the,desired FER i [, 1he
Porven d L A hannel i instursdl SRS £6¢ reVe8s s GRRDED BT o Wihongn
t he powgr PR ' | with 8rLi nk
106. Ac ie\e/?ﬂ%ﬁﬂ%g{%em regNF I%egn ne Qélé%rré ?%&El?é\dliﬁim a%:&g&sﬁe?ﬁﬁwrrel ess
comuni cat ionThesdwer conttek sab-dhiahheEbith priovidd dseest Terminagdal2r witind

create as little network interference, as possible to 15 maintain .
accept abl e meshanism 0fi commangding Basrcstation 1M tagohupeos doDAN tianERitand

St ati on 10O BRI SE KT B REREIL L P V& SBRORES APrrd S5
. ts ST .
depondi ng ore ey (FERPBRRF FOCARRAE Termpalclly: Macetiaiof] g0 s Bcess

20 bel p@v t Merm@sdlriod whiethzedesinedBFBR iSter fheFoiéhrd| Kinkrioa] 4rd nhén, VBase
enbodi nent, the power control conmand bits can be a multiple-bit comand

cont ai ni ngStation dRPumainhinsotlat leviel shrewugh rthgupewer . conwel r earamandsovear
trol - | d t . det ect i Lt LGt

carr os | nfesiiRtkan ematR hieaterey Lank 1 ACHieSTs e stesn BuR optthe

F d Li [ COF f h

overse potorvars ik 04 hERY the NPEless CSInEAUniCARSR R terltp/ 1€ d3Mre o 1€

- pur pose i s th@bagwyRationgpiwer, adld Ereatwnadlitdaketiddek Hherfepenketas possibie to
reverse_power control sub-channel is unknown unless sonme mopnitoring is
per f or Ked. Mafptaipracseptablecemmunicabions oqualitie Regiuced aje vhdaseveipgenpower

g‘r’g;;o' Of”%H%Per%?\%”l%‘?érfé’?e}@é’%tﬂ Bt 2k A {2 P Al W AL QL PREA LR SRS N9 2

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 any 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.



extrapol ated nethod, illustrated by the following figures. WO 01135546
PCT/ USO0/vgéhPass4p Due to the nature of creating a proxy Bhigrgeodivesown

channel informati on from known channel information, one skilled in the art-

will understand that the nethod of nonit®ring quality used on the Reverse
Link of the exenpl ar nmbodi nent .may _be applied tgo..a w rel ess

conmuni cati on Sﬁ‘ﬁgntﬁeﬁ‘e Watere of E%ﬁﬁﬂﬁi ganW ¢ %%Fs“%ﬁé"%f Fhpanel s
speci fied i nnfdphatiordlrorhokRowa! dRsknél iforhdfBA0 YheSPKtRd RPRRE" AP will
Systens"” incorporated by reference herein. The present 1 nvention provides
a nmechani smurderstand tBaPth@imettind of mlorlitoriarg gealityr nmedcen thed Reeerse Link of =
"Physi cal Layer Standard for., cdnma2000 10 Spyread Spectrum Systens". It wll
be tnder st odHe EHERRIRY priodimen yaay il??naPELﬁ"gd-Ga?rW VEERIesS SeTEnIBiCatioR
comuni cgtigggﬁﬁé(lsterrs and that the present invention is not limted in
scope to | S- CDVA systens but can be applied to other wreless

comuni cati ons sy¥irelds chifeuricafionschandeRodrendéfindd 8s sprdfied ihi THhyRRWET
control sub-channel 15 structure of the exenplary enbodi nent. Each 1.25

m | | i seconddayer FderdardCéon redma3000pSypread) Spedtrum Systesns”t iredrparated by

ilot,. ch | .. | PCG 204, 3/ of,th [ | i i | ot
Channel 200 TEfFEFTE RN, nTRE FshsntiGvention Providss meshomem bk s aed
202. The pi mgﬁﬁsﬁﬁw g@%rin%n@e %ﬁib@ﬁguﬂgysmh Yay8t Sdar 4 FbF ¥iRGD00

i nf or mati on. e reverse power contro hanne a repetition
of the 10rwSptegubSpectnomtSysterhst. Htowmithbe undérstood that thenereséredinirgnfiondss

Term nal 102. In CDMA technology, tinme is often neasured in units of chi p._'

In spread r&gu8ally pnlicablesto oeties yeammunigations)pystems pang,: @af sthe  present

hanbsetonds SRR 5GP Liieed it <533 1o FS 208 FUMAEEPths he bt applied
Power Cont r @b ofHeir peireiess cdmn{ihﬁcﬂ@{mly@femgnbodi ment, all chips sent on the

reverse pilot channel wthin a PCG are transmtted at nomnally the sane
power |evel, neafil@g 2 Bkows a diagram of the reverse link power control sub-channel .

15 structure of the exemplary embodiment. Each 1.25 milliseconds, a Power
Control Group (PCG).204 is transmitted on the reverse piIot 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 IS-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



Pil ot Signal chips 200 and Power Control chips 202 have the sanme anplitude
with aweobgdssggiration ratio of 3:1. It will be underst oetTysoonasskil | ed
in the art that the 30 present invention can be extended to cases where

ot her rel ati onships between the pil ot s@rrbol s and the power control bits

exi sts. The. pr t_ipv Lon.. ' ' | . .

Char i er 1 SiEPel PR preBdRby ARG ReRblatcs h HERSy BR WAGER MRl e gimilar tp,the
PCT/ USOO' 33431 BERI @Ndhe wrlérdWe SefdrrhaEm tin0 thed @806k efowep @fitrddESiI ch
wll be simlar to the. actual BER of the unknown infornmation in the

reverse powhanmelntrol sub- channel. The present invention provides a way to

noni t or BER of annel s that 5 have .sone known char.acteri,stics, suc S

Tt Cymbol o orTha Pisdnt, Benton ProviAna WHG s SBHARHEER, o4 Snrals thdld
i nsertign n ' t Lt t [t [S) Ligeht .« | | at
t he si dg i%ggma |82k{6?§§u%§£dﬁ? trelgirgnh(taﬁegﬁcn%\%ﬁ pg%gr%léél?sﬁ c%l?ytsﬁg aéslg’t he

pi | ot chanmgthoitieBisR cfTROdidadredny oebriinstrtioatdfkiiown biteattere Gittd the
i nformation, such as the reverse power control. 10 An exanpl e of other

known i nf obHestreamiitseip\NBy dovkingi ataheoride infamasion pradygedofrony thsoksown | ot

nbol . th 0L | Fl G h .4, di f
o exenpl afyHE RSB rethe PUBh sPant BIRHSS s by defermiRE et AR o1
to noni t or tkdARRRbWAUAFSiatiG) Guble ab thdfevep&d pOWERBGHIr6]. the physical layer

of wirel ess conmuni cations systens. The 15 apparatus shown separates the
pi | ot &Bannel awth tdxangulecof ather dnosvmanimédeméatiom inhCIoNI caadmueded ticad

order to oEeRats i bilet Srabols; UGt PPRboltReE-Rd dhe SHERASPICY ShERE RS o
proxy for the B t ' t t he
recei ved signal on'? %lﬂﬁgg%ﬁg{aﬁg&ﬁaéﬁﬁkﬁggeﬁs%gbgﬁnﬁ%\r@éré}ﬁgga#gpa%ﬂ“}st or

20 signal engloyed Hynthefireséft irfredtivhatts duesitod REAanAEINYAALE, Rind test the
(radi o-frequency) fields'into (alternating current) ACor vice-versa. A

recei ve anpenfoamiance rafethes pRysisaklayer of wireless communications systems. 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 (I) and Quadrature
(Q) components by multiplier 304a 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



and delivers ACto electronic equipnent. The received anal og signal reaches

antenna @¢ePRks300, and is downconverted to a baseband apgr@gomiigeal by
the 25 recelve denodul ator el enent 302. After downconversion 302, the
reverse power control sub-channel can be7 separated fromthe other channels

In the si gn%It].@b'léggH%e gtihvwglqlq;?spisgnal is.cglrh%ggzagoma' nt SIF’%Eﬁégsﬂph ggephl‘g and
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mul tiply ou e pseudorandom ( sequenc or separat e out 't

PN sequencesrigirtal sipgiall ovictngld of Yie Eldnitels!in fhe brighll sigdd 3tillcombiheds used in
W rel ess communi cat1ons to separate subscribers signals in the Base
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e 5 Spasniggind o St 0 el el 00 SN S0l by
conbi ned si gndtipying tsvithrthyiWalshtcodetfbr tiechaminel) atsadiendwn ab remolving ehe

al so known as renoving the Wil sh cover. A Walsh code is an orthogonal
sequence us¥plshh caverl eds Walshntede 48 i an orikpgosphrseguencemsed sin Wirdlgssrer

el enents 310 coher.ent |y .conmbin r_add as conpl ex nunbers, the chips or
sanpl es of_%‘?ﬁﬁﬁr@}mf}ir‘]‘_l?%et‘?s%ss’@%ﬁa ejﬁ'nel s over tine. The separated
channelychi p stregmnhér a@h{eﬁ?&gl(ﬁé&é@nﬂr%\ﬁ%in&%ﬁ A& aBicomplBR rRfmBSesITer
el ement 314 during the 1/ of the 1.25 mflisecond PCG'tine 'period that the

reverse powhe ddps onsamplescif hips, of thynseparatedrobapnels oVeetime put 15 of the
power control bit vector sunmer ﬁ:l ement 314 is_the. recei ved power %l%rol
i“tot :

bit vector. The Thpasraratedoehatmel chip $ream dupwitshed 12 IRa PoYRT ODyr
filter  SUNYRESLGHRRL: 2@l b 9 of'the 55 HiIBidIBRE FEERAe 318

during the
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



3/4 of the 1.25 millisecond PCGtine period that the reverse pilot channel

20 si gnglo dipsdgesent. The output of the pilot filter sunpernsbgsmes 314 is
a sliding "wWndow sum of pilot channel chips which produces the pil ot
filter reference vector. The artificiaP bit vector summer elenent 314 is

novel to the present j.nventd on.. The output of, e artificial control, bit
Vector suffErbIer enemmatds| the Bilot o Bignal dnnkertous of s vayeiprines
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the pil ot withirt @gived dueation vf tihve sélectddtteroptimizeother reference Forbdiffepehtar i ty.
SSmlarly, the  artjficial power contyol bjt vector is projected onto the
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t bits. T L _bits (il - . t
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wi thin t he:haﬂﬂéla&higg% gge gi’@'énf’%éiﬂﬂﬁ‘{ eRirhpolatéidhn GndRBEOeaSiren Tt 6K

nunber as a WO 01/ CTI US00/ 31193 8 conpl ex sunmation). The pil ot
channel ' sitha&rrdrsateatr the powet cohtrohahasimal which dahoot be eneasupedhdirectyit r ol

b-ch b h ' ||t hi i t hi, ' durati f
Cime. sol oCRERRsD ol FEpaIREOR & drtefled i bpe ERloingr B Rannel condi (| ons
h f ast I ' | ; '
ohor ont cummatiSh 41 PRACAFye! RniRAANRRt 6! S AR 40 HitSens

extr agol atifgertion foi detirminagupewenicoatrol biepelarity. r'Hie powerh@ntldsits
control channel which cannot be neasured directly. The nethod of
ext r apol atareyajuediat &1 pedlwhemtheynredvansgnitiegl - Bee receiyer musgt detpimging evel

LouEnat Sl Be TEDP B, Bl MRk S50 bR AR Gk oy o e
at +1 or récoibOr td TRY tRehit &Nkt A inddRrdce PUINBfy BY$he 48EQTED Powéhe
polarity (+1 or -1) of the bits. Noise in the'recei'ved signal nmay cause the
recei ver toonfrol pbit.heBedause othespbwer ¢drdrolnbiss ravet traobmiited withote ersarei ved
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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 (S/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.



15 detection information, the receiver cannot know their BER |n other

words, tgyoffissd Ver cannot know the frequency w th whi chpggnselfigsss t he
i ncorrect po]I ar ' '
is presented to illustrate the unknown i%formation for which the present

i nvention provides r BER 20 Bi olarity det I nat i begi [
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chi ps t hat ' aé@osUTHe thndriprodatofssulthdeldsladignadhaalne indieating thepohiity. t o the -

extent that the channel remains stationary. 25 Random noise conponents of

t he sanpl es canc&heepelarity rfr theupowehidoatral bipiis sleterminedr iy dleck 40¢dy i n
the sane. directian. stabl e .+1, val yed ref er enc tor. with g.high,signal
Lo ot oo r aPraTraRgythe Siehy Bh e JSr ASD RIACEIRL N TISOHERILE POSHVE Pl Hibvier
control bit, caR ; 'lgy@ t | ; :

control chi %sglgflgt?%des CG o?s’tt g%ﬁg‘%{y OweéfQo%gﬁglgh#(ﬁetﬁr%\ﬁgrﬁgt co eE'entIy
sumed to coehi &ligniieRt witdi thie. kndbrd 31 JefeténdeClTH theGBishtsgativelor the angled 04,

the inner product of the two vectors, is taken. The i nner produgt projects
the power cirinpes than 94 degrgesothe receivedpower eontrpldrit #%ﬂeﬁemg \f,%@eal,l,.

i nner produ esul b Vi i I lendicating the polarity. The

pol arity of 8{ ﬁé"“%‘%\/\%‘r‘* aé%h?‘fe&%%iﬁguﬁgo@ﬁfﬁf%%é‘gﬁgn bl ock 406 by 5

exam nify the siPhe BER, e fk‘ét;[l@hcfr%itﬂ%hicﬁrtﬁégﬁbeeshffaﬂé‘\dué itg hoise, @bt Ve
or the angle is |less 90 degrees, the received power control bit is

det er ni ned bekhewniby the receiver wjthmrttheiqualitthednitering methgd pbthepresent he -
signis negativg or the angle is nore than 90 degrees, the received power
control bi t™V48Permined to be -1, or against the alignment of the known

oL erence, ORGSR ol ST mbAhi Wil o reckrinia baute (°
met hod of t enpioeignhetliod/eithegpresent 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 a
segment 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

Ity. The method of power control bit polarity determ nation-

The



FIG 5 is a high level flowhart diagramof the channel quality nonitoring
nmet hod wfo 6183s48r esent i nvention. 15 In the exenpl ary enb®@IKES0/33P3 t he
present invention, artificial bit errogqs are generated on the pil ot
channel , and the BER of the artificial ts is used as a proxy BER for the

power CO“té 8%l 2ERed 3% Fpé%ﬁg’ﬁ@r a‘iﬂﬂcﬂaﬁbi{?% t@ﬁ%Hé&leIrm‘e error

‘rate of bot annes I's statistica I'n" bl'ock 500, a pil
channel reﬁ@laﬁmptsmémr(ﬂ)sommarledt(h)the sane 20 manner used to

determ ne power_control bit polarity (bl ock 400 of Figure 4). _.The present
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power contro nown as a segment 1 s used i f

it were thgepdeby dutérminitg tthe Btatigeof e REVRIaICHIN. rcﬂecmste itds tldt\@mm tted
' i m to the pilot on the reverse |link, a segnment of the pilot

inasimlar wa
vect orlOnD @mﬁs&ga@ thmpcd;sow o the artificigd bibds é&undctoe‘ae a'rld the ggsll ibds a

al | wh |
(53 or Tonsplet” (tne) <L Botdiidy) refulh b3 bepll $tEled 45 = BRY Sty dhRaRHE
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However, since it has finite duration 5 there mght be enough noise during
that dur at thenmeastite pf i the Bitsemror gateakanthey artifitiel :begnwhtcht s getisticalbywy

vector, or _arti |C|al ower co This artificjal represent
the power PHVRISPEHID t 9e?‘FtFﬁ]ow ‘P\tgﬂf‘%vlé‘i“é’ér fangole ’ef?mel h%@{s e not
transmg t e, ASHSHG quivRERK YeBiRe tRE siiie rRANRkaGRR &8k RidririAtheR® 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 fransmission

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



created by determning the polarity of the artificial bits. Because it is
known 10wd@lasedgen the polarity of the artificial bit is peppdednife -
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bit error. It can be deternined how oftldn this incorrect result was
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mai nt ai n t r ansnilasblackq868.i the pnoxyt BERsmfstheorpovw gontril wt@tclmrsqséasf ic

the physi carcrglen e e’ BER 61 Ine HEriBE ilss e Simiel froltieo i ne
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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



5 the knowmn +1 pilot vector. A -1 polarity of the artificial bit is

i ncorreso By3sseef i nition. In block 508, the proxy BER of RQTAUSN0BEI93cont r ol
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reference, the present invention calibrates the summ ng duration of the
pilot reference_vector, 25 The pre engasqi nv nthon r eat fgs calétjﬁbration abl es
by categori zi ng TBRaFRTEIVET: Ji¥s ush the; fahle oy B nehiannel (asSiiemtiogs il
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12 calibration 1 e~ accor ding annel ation. For exanpl e,
a 10 Channel S/N ratios differ on the Forward Link 104 from the Reverse

11%

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 contro! 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



calibration table of the exenplary enbodi nent could be shown as: Proxy BER
1 X 10 expo01/3d54¢&K 10 exp -1 to -3 1 X 10 exp -3 to -5 No ¥@aussoe/31109 1%

0. 002% - 0. 001% SI ow Fade +0.005% +0. 004% +0. 003% Fast Fade +0.007% +0: 008%
+0. 009% 5 The receiver may use the tabl el¥or fine channel classifications
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Forward Link 104 fr.omthe. Reverse i nk. 106. The ,BRER extrapal ati on t hod
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as Reversgse gtgﬂgn@@mﬁla&ﬁgkggﬂitﬂgg()%%g{%@ step of adjusting for the

unknown power ratios on t or war annels. 15 On the Forward Link,

the power contr oFIQhi 6 sillesitates) thelngiparsttisi forocdriteollihgr theer drrok ndato @fethe
control sub-channel at the sane g_ower level as the pilot., The Forward Link
pi | ot powerPeWeRrontzolaubchanne) while mpintainagbaerrargaty of thedraffic clrarnelat i o

nknown' by 2 CHEEER B TTEETRY Herhes® 78 R dRmaRidE e AR iy o
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control sub-channel power level is also tied to the forward fundamental,
or hostlOchanaffic. Wakeh seqeeane (Wike il ithe exeinpldry erhbodimerstyifing dgmodadatedons

for the pilot reference wndow on the Forward Lin i ch produce_ the same
evel of  erfFolagTe Wéoysﬁsg_rt%ﬁw%q r%r%g%wrpl*@fte(' </ement €02 gyhichs
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the pilot reférence to make T he energy the sanme on %0 hannel “sanpl es,

t he presentrekiily oh thedORTSEeckes Psidded fto kontcbhfratesddrasonecei ved S/ N rati o of:

pi |l ot channel and power control channel WO 01/ 35546 PCT/US00/ 31193
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 command 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
channel 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



13 sanpl es, neasuring the anplitude difference between channel sanples and
determ wag1/5358 r at i os by conputation. Rel atively accur atRCTBSGBIHEEI on
‘corrections can be generated fromthes onput ati ons. The present invention
al so uses information about S/ N ratios ntai ned i n nessages fromthe Base

5 station | . r ' j he
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while mai ngl@. ning the error . rate of the traffic channel at a different
rate. The PN despread data is provided to traffic denmpdul ator 600, which
denpdul at es t helhe ppeviays diasariptioncfothgapredernpd rerabodissrnts dsipredided ta af fi ¢

Wal sh sequen W). In the exenpl ary, enbodi nent , ..t he denpdul at.ed nbol s
are. pr ovi deteie Y giperin SHlleh i ae Fl K BRRe SRy o s B eRo s eReon THE

det er mgnesy WhsiNgiodiREatiHEPRHHRsE oM ehtySFifl E@Eé&%ﬁij AppaieRt ¥6§%hoddre
result of the CRC check I1's provided to control processor 4. In addition,
t he power skili¢d arh the arty antiothe gédrerjn pritcipidsedefirned herdinrmaydbe diplidieto

artificial bit vectgor are provided to control processor 604. Control
processor Otbenembpstiments witheut the uge of fae inyentive faswity- Elgmsf the BIAsERENNel

as descri - 04 ¢ rar . th
The traf f1veRaRR nobRbidea B BERRTREY RO HBbERGRE FoviThe R By B0
enbodi nentto basgcotdéd Ghe 10dést agtoipet SorsisteRt agith €@ peiegslbd NehdeoReb
termnal 102 to increase or decreaSe the transm ssion energy difference
bet wedl® t hfeaturamdificlosedheseisy gy of the pilot channel and the traffic
channel . This operation can alternatively be perfornmed by independently
controlling the transm ssion energies of the pilot channel and the traffic
channel . 2aiHapid 8inke® P! ary enbodi ment, nessage generator 606 generates a
general up/down conmand to control the transm ssion energy of access
termnal 102 in general and in addition generates a nessage indicative of
changes to the energy relationship between the transm ssion energy of the
pil ot channel and the traffic channel.



30 The nmessages are provided to nodul ator 608 and are nodul ated for

transm sy@pusste nodul ated synbol s are provided to transecriuseo/figs whi ch
WO 01/ 35546 PCT/ US00/ 31193 14 up converts anplifies and filters the

synmbol s for transnission through antennd® 612. The previous description of
the preferred enbodi nents is provided tglmgle any person skilled in the
art to nmake or use the present invention. 5 various nodifications to -
t hese enbodinents will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other enbodi nents
w t hout the use of the inventive faculty. Thus, the present invention is
not intended to be limted to the enbodi nents shown _herein but i.s to be
accorded the wi dedd meiiod f;z;ngios\ef@ﬁmg/ﬁ}%qv tYpP?r\’é'!kﬁ‘Pé‘g‘ grmaien mgy

features disclosed h [: e i |.Qj .15, 5546 PCT/ USOQ 31193 .
15 C:I_A?I\/B“ilgel%\gﬁéqrﬂ‘g{ﬁ §¢t13n%ﬁcf}\a%\$tﬁ§8’{r{fg—%aﬁtgﬁ%’§eg%6ﬁnknown information in
a 2 wreless CQﬂéatmgfe@pkwbﬁ@m&hte f6APkhGWAGhahRelShépsnation;andat i ng a
proxy bit error rate Trom Known channel information; and 4 applying the
proxy bit error applyingdhe proxyhitenconrate tnenknewnshanpel infermatiotbd of O ai m
1 wherein no information is inserted into the 2 transmtted signal for
quality nonitoring purposes. 3. The nethod of aim1 further conprising

the step of. 2 oreatifg AbiHdd &f @laifl 1 ShetQR AT RSEAIRNR) inkéthed FRbitRe to -
generate said proxy bit error rate. 4. The nethod of Claim3 wherein said

step of 2genmsittgd Sigrl f@r qualithimonitolingpurpowes. ses the steps of: summing
transmtted chips of known information; and

3. The method of Claim 1 further comprising the step of:
2 creating artificial bits from known channel] information to

generate said proxy bit error rate.

4, The method of Claim 3 wherein said step of generating said
2  artificial bits comprises the steps of:
summing transmitted chips of known information; and
4 wherein said artificial bit is projected onto a known reference

vector to create said proxy bit error rate.

5. The method of Claim 1 wherein said step of generating said proxy

2  bit error rate comprises the step of:

calibrating said bit error rate for channel characteristics.

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

2  information quality monitoring purposes.

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

2  physical layer testing purposes.

gy



4 wherein said artificial bit is projected onto a known reference vector

to creatwooaisgsspr oxy bit error rate. 5. The nethod of C apor/Uisewsitsi n said
step of generating said proxy 2 bit error rate conprises the step of:
calibrating said bit error rate for chakfel characteristics. 6. The nethod

f daiml wh . Ld bi . . g . it
moni taring pur pises. ¢ RelL R BN trdnaiRES il bit,barlf AE WBBLE,
is usedzfolgnaligtl_aml\%ﬁgitgﬁ{sdﬁgﬁgﬁ%mgng purposes. 111111111111121(12 1 1 1 |

I T I B WD 01/ 35546 PCT/US00/31193 16 8. The nmethod of daim1l
wherein said bit error rate is used for 2 maintaining transm ssion

quality. 9. The_neth of ajm. 1 wherein said bif.,error rate.is used for
2 fixing transnYssio L%‘IEF%C&A&{ aPeriW %repévsg}ci bifperrpp Fat. i3, fige ff%ﬁ aim

1 wherejn g3l j [ ¥3) 2 providing individual channel
trans m'eissi ?)ln %gﬁ?rgfsﬁeyecﬁxgélﬂy,aaﬁ@%ﬁﬁcﬁﬁ?l] [/,

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

2  providing individual channel transmission quality levels.



