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communication system 1s disclosed in U.S. Patent No. 4901,307 entitled
“SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM

25 USING SATELLITE OR TERRESTRIAL REPEATERS”, assigned to the
assignee of the present invention and incorporated by reference herein. The
use of CDMA techniques in a multiple access communication system is
further disclosed in U.S. Patent No. 5,103,459, entitled “SYSTEM AND
METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA

30 CELLULAR TELEPHONE SYSTEM”, assigned to the assignee of the present
invention and incorporated by reference herein.

CDMA by its inherent nature of being a wideband signal offers a form
of frequency diversity by spreading the signal energy over a wide bandwidth.
Therefore, frequency selective fading affects only a small part of the CDMA

35 signal bandwidth. Space or path diversity is obtained by providing multiple
signal paths through simultaneous links from a mobile user through two or
more cell-sites. Furthermore, path diversity may be obtained by exploiting
the multipath environment through spread spectrum processing by
allowing a signal arriving with different propagation delays to be received

40 and processed separately. Examples of path diversity are illustrated in U.S.
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Patent No. 5,101,501 entitled "METHOD AND SYSTEM FOR PROVI DI NG A SOFT
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A method for providing faster power control is described in
copending U.S Patent Application Serial No. 08/374,444, filed March 29, 1996,

25 entitled “METHOD AND APPARATUS FOR THE FORMATTING OF
DATA FOR TRANSMISSION”, assigned to the assignee of the present
invention and incorporated by reference herein. In this method, the mobile
station sends a bit every Reverse Traffic Channel frame indicating the
quality of the previous Forward Traffic Channel frame. The bit is a ‘0’ if the

30 frame were received without error; the bit is a ‘1’ if the frame was received
in error. Since these bits are encoded and interleaved, they are received
error free. Due to the frame quality indicator on every frame, the mobile
station will be able to discard power control bits which are likely to be in

_ error.

35 These methods of providing power control, however, are limited to
feeding back at most one significant bit of information per frame of data
received. The fading conditions may require significantly faster feedback of
information.
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The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
20 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
Figure 1 is an illustration of the present invention in a typical mobile
telephone environment;
Figure 2 is a block diagram of the power control system of the present
25 invention;
Figure 3 is a flowchart illustrating the first embodiment for
determining a quality metric in the present invention; and
Figure 4 is a is a flowchart illustrating the second embodiment for
determining a quality metric in the present invention.

30
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
35 Referring to FIG. 1, system controller 10 receives data from and

provides data to public switch telephone network (PSTN) (not shown) and
to other base stations (not shown). Base stations 12 and 14 receive data from
and provide data to system controller 10. Base station 12 transmits data to
mobile station 18, referred to as forward link transmissions, on signal
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25 quality of the transmissions, mobile station 18 transmits a signal back to base
station 12 on signal path 26 indicating the quality of the signals received. If
mobile station 18 is in soft handoff this signal will also be received by base
station 14.
In the exemplary embodiment, data is transmitted in 20 ms frames
30 and indications of the quality of received frames are sent 16 times for each
received frame or once every 1.25 ms. The present invention is equally
applicable to continuous transmission systems and systems using different
frame lengths and rates for providing the signal quality indication.
The optimal measure of signal quality for controlling the transmit
35 power of a remote base station is the signal to noise ratio on the traffic
channel (Traffic Ep/Nt). In the exemplary embodiment, the signal quality

measurement system measures the per finger values of (Traffic Eb(f)/Nt(f))
and then generates a overall (Traffic Ep/Nt), in accordance with the
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conbi ni ng wei ghts of the diversity recelver as described by equation (1)

bel ow. Traffig Eb / Nt=, [err] (1) 5
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finger (f) and Nt(f) is Eazn ﬁ{}erence experienced by the signhal on
finger (f). 10 When opt I ning occurs, the overall traffic
Eb/Nt is_the sum of the p finger val ues of Eb(f)/Nt(f). Therefore an
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[err]or¥¥) is If the present mventmn is determining the quality of the received
finger of signal path 22 transmitted from base station 12 to mobile station 18,
then Nt(f) would include the interference caused by transmissions from base

station 14 on signal path 24 and multipath interference by signal path 20.
In the exemplary embodiment of the present invention, the
20 interference to the traffic channel signal on finger (f) is calculated by
measuring the total in band energy and subtracting out the non-interfering

energy provided on the same path in accordance with equation (3) below.

Nt(f)=Io-Ior(f), (3

where Io is the total energy received within the frequency band and for(f) is
the total power of the signal that originated from base station 14 (including
transmissions to other users) on a single path on which finger (f) is locked.
Because in CDMA the signals transmitted on a single path are orthogonal to

30 one another the value lor(f) is a measure of the non-interfering power
which does not contribute to the degradation of the received signal.
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uni tl ess. rac I‘on"Signal is
generatléd by nmessage generator (MSG GEN) 57 In the exenpl ary

enbodi nment , theP@lot % Li BHotEc nessage is provided to encoder @3 and
combi ned V\nthforwa Ink trdbkic 25 data. In an alternative enbodi nent,
the pilot fraction nessage is provided separately as signaling data on
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transmitted by base station 12. Thus, Pilot Fraction is unitless.

Referring to FIG. 2, the pilot fraction signal is generated by message
generator (MSG GEN) 57. In the exemplary embodiment, the pilot fraction
message is provided to encoder 55 and combined with forward link traffic

25 data. In an alternative embodiment, the pilot fraction message is provided
separately as signaling data on the traffic channel or on a separate signaling
channel such as the sync channel. Encoder 55 combines the pilot fraction
message with forward link data. The encoded symbols are then provided to
modulator 53 which modulates the data for transmission. In the exemplary

30 embodiment, modulator 53 is a code division multiple access (CDMA)
modulator as described in detail in the aforementioned U.S. Patent Nos.
4,901,307 and 5,103,459. In the exemplary embodiment, the pilot fraction
message is modulated onto the traffic channel. It is envisioned, however,
that because this value is the same regardless of the mobile station to which

35 communications are being transmitted that the information could be
provided on a common channel that is being monitored by all mobile
stations in communication with base station 18.
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25 the received signal and provides it to PN despreader 80. In the exemplary
embodiment, the received signal is a quadrature phase shift keyed (QPSK)
signal with I and Q components. It should be noted that the present
invention is equally applicable to other signal transformations, such as
binary phase shift keyed (BPSK) modulation.

30 The despread pilot signal is provided to filter 86 which removes noise
from the pilot symbols. The filtered symbols are provided to squaring
means (12+Q2) 88 which squares and sums the despread signal amplitude of
the pilot signal on the I channel and Q channels. The squared values
provide an estimate of the energy of a chip on the pilot channel (Pilot Ec) to

35 power control processor 100.

Power control processor 100 computes an estimate of the total amount
of non-interfering energy (Tor(f)) arriving on finger (f) from equation (5)
below.



fromthe pilot synbols. The filtered synbols are provided to squaring
nmeans (l[err]+Q err]) 88 which squares and suns the despread signal
anpl i tude of the pilot signal on the |I channel and Q channels. The
squar ed vMQi#813951 provi de an estinate of, the energy of a RHFPUSK/ISHE pi | ot
channel (Pilot Ec) to 35 power control ocessor 100. Power :

control processor of the total anount
non-interfering éﬂé{?gy%[ggrr )%?grlgﬁv?ng on finger (f) from engi i on
(5) bel ow. WO 98/ 13951

PCT/ US97/ 16Rdeiver 78 (in bl ck 108 ) meas d id 8 indicative r(f)
= Pilot Fr actloleerr (m o ot Hires and provides asxg(na mdica I‘-ﬁec%fl \t/lé? 78

(in bl ock 1UB)baﬁ=€1a§%ﬁr8¥ %GO%VSMR!%%&OSJQ%I It shauld: b@é‘fo-’dtW@t becauge band
energy t§ Cesteiviir 78 Bfiealty iddided nHhiuiiatiesy aaﬁtceelnbMAdugcm plfieP (not

(ot 78&%%%*»’5353'&%%%&“?%‘4 RPa e R aLpHiachel tha Teabere

t he recei veoperatioraper ati on. In bl ock 110, control processor 100
conmputes a valuegfo e f| f
mp 1 ObidcR 118 éo%tﬁfl 1%98595{)? fé}ﬁgﬁte%y (fx) m? f) =

denoted Nt (f), in accordan
lo - [err] ou'(teyference experienced by flnger (f), denoted Nt(f), 6in accorda;ﬂcetWStiat ter

Met hod 31h rr%uatmn (6) Beldwsecond exenpl ary enbodi ment of the present
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i n accor danstatioht 18 &nst iprovided beitkwwhe pilot fraction, but rather estimates the
non interfering noise (Nt(f)) by compiling information based on the energy
of the variations in the energy of the received pilot signal.

20 In block 152, the estimated noise on finger (f) is computed by power
control processor 100. In general, the estimate of Nt(f) is made by observing
the stream of pilot symbols. One way of forming an estimate of Nt(f) is
shown in FIG. 2 using squaring means 82 and 88 and filters 84 and 86. In the
exemplary embodiment, filters 84 and 86 are simple averaging filters and

25 Nit(f) is determined in accordance with equation (7) below:

[x, (x)+xQ(x>]-——(2 Xr(l)) ——-(qu(n)

i=1 i=1

Nt(f)=11
(f)= N1 ,

7)

where N is the number of samples accumulated to provide the statistics. In
30 the exemplary embodiment, N is 24.

After having computed the noise on the traffic channel in block 112,
mobile station 18 measures the symbol energy of the received traffic channel
symbols. The PN despread signal from despreader 80 is provided to Walsh

35 despreader 90, which despreads the received traffic channel signal in
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20 One possible solution to the variable rate problem is for power control
processor 100 to estimate the bit rate Rb of the variable rate transmission.
One possible method for estimating the bit rate of the transmission is for
mobile station 18 to make an estimate of the rate of the current frame based
on statistics and the history of received frames. An exemplary embodiment

25 method is to assume the frame of the current frame is the same as the
previous frame.

As described in Telecommunication Industry Association’s Interim

Standard TIA/EIA [5-95-A Mobile OStation-Base Station Compatibility
Standard for Dual-Mode Wideband Spread Spectrum Cellular System, the

30 forward link transmission power varies proportionally to the rate. In a
second exemplary embodiment, power control processor 100 estimates the
rate of the signal from the received traffic symbol energy Es. In an improved
embodiment, power control processor 100 uses the relative traffic symbol
energy (Traffic Es) to pilot chip energy (Pilot Ec) to estimate the rate, this

35 prevents incorrect estimates of the rate caused by propagation path changes
such as fading since the pilot energy fades at the same rate as the traffic
channel.
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dedi cat ed power confrol channe e encoded
i ncl udes t hEORBREchaBRekol bit is then provi ded to nDduIator 72 whi ch

modul ates the daThef encddedh patket Which Nincludes the power control bit is then
provided to modulator 72 which modulates the data for transmission. In

25 the exemplary embodiment, modulator 72 is a spread spectrum modulator
as described in detail in the aforementioned U.S. Patent Nos. 4,901,307 and
5,103,459. The modulated signal is provided to transmitter (TMTR) 70
which upconverts and amplifies the signal and transmits the signal through
duplexer 68 and antenna 66.

30 The transmitted signal is received by antenna 50 of base station 12 and
provided to receiver 52. Receiver 52 down converts and amplifies the signal
and provides the signal to demodulator 54. In the exemplary embodiment,
demodulator 54 demodulates the received signal in accordance with a spread
spectrum format as described in detail in aforementioned patent Nos.

35 4,901,307 and 5,103,459. The demodulated frame is then provided to decoder
56, which in the exemplary embodiment separates the power control
message from the traffic message and decodes the two messages separately.
The decoded traffic message is provided to PSTN or other base stations as
described previously.
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| oop power control system: i & CDMA 2 communication system a nethod.for
gener at i nf¥@e&ad9scont rol conmands con%rising t he steps 8CT/USI7/16977
measuring an i nband energy val ue; 1 conputing a non interfering
energy value; 6 subtracting sggﬂégﬂxérnerfering energy val ue from-
sai d i nband energy val ue to provi erference noise value; 8
nmeasuring a bit energy of a received signal; and conputing a

Si gnal _ éo _n?i se rati o Jnn @C@wsdagqgop;rt ﬁoﬁ@j{ﬂ dgﬂ&?ngegﬁaggll% n?ihsepmAue
and sai it enerqy. .. 2. met hod .0 aim rther

Conpr si o CRBVBEBNCANion systsmap ethod fot Eengiatig ABIEE cpatic) catands

pr edet er ni ne@niprisingche steps of: 3. The nethod of Claim1 wherein the
step of cpnputin Q Is er i y val ue conprises the steps of:
measuring a pil o?ngﬁ%ﬁ%ﬁagn%%%}? éané(;'%x%q{lg’ scaling said pilot channel
energy in accor dacmpuiing aanen |ipterfering iepargy valug;ue to provi de said a non

interferigig ener %b‘fﬂcﬁﬁg said non interféring eH%? bt e £1%m Shitl AbANUEA

conprising the step of ,[€celvin 2 said p action value froma not e
comuni cat i Jidu@&QRIOVide an Interierence NOMR VABI%iod of Claim 1 wherein said

step of rgasuri ngneasuting & biPeRAPyRf & BEGRIVEESighlB arideps of :

measuring a synbol ener value, .and. 4 .. . scal ing sai d synmbol. energy
val ue i n accor dar?génwtl’ﬁgg Sd&?% fo.faisg fag accorgancegwdt_eh sai%‘rfg‘?ﬁ’iaf?meof
Cl ai m 5 Uhemwise value atdpaidfbiteasrgy.ng said bit 2 energy conprises the '
steps of determ ning said data rate val ue. 7. The net hod of
Claim5 wherein said step of nmeasuring said bit 2 energy conprises the
steps of receivi®y saikhelalgthed e of afGlaim dminrtherpcemprnisingmthei stepi of

device. 2 comparing said signal to noise ratio with a predetermined threshold.

3. The method of Claim 1 wherein the step of computing a non
2 interfering energy value comprises the steps of:
measuring a pilot channel energy; and
4 scaling said pilot channel energy in accordance with a pilot fraction
value to provide said a non interfering energy value.

4. The method of claim 3 further comprising the step of receiving
2 said pilot fraction value from a remote communications device.

5. The method of Claim 1 wherein said step of measuring said bit
2 energy comprises the steps of:

measuring a symbol energy value; and
4 scaling said symbol energy value in accordance with a data rate value.

6. The method of Claim 5 wherein said step of measuring said bit
2 energy comprises the steps of determining said data rate value.

7. The method of Claim 5 wherein said step of measuring said bit
2 energy comprises the steps of receiving said data rate value from a remote
communication device.
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8. In a cl osed l“\‘g &m \“|ro| system in a CDMA 2 communication

system d '8 power control conmands ksi,Ng t he
steps o @@5&3 accumnul at i ng a pretgeternned integer %cﬁgerh%% sanpl es

of a denodul at ed signal; conputing a noise value for said
.denpdul ated si&nal Im ac@@%cboc’p pRAwer seertrat csiystem ednsaapiG@IMA 8

measur Qngc@m%ﬁm%&ﬁbﬂ)’s}éléuﬁ 3 fhedRED Aok Gend ﬂgx?%#owéméomml commaf@§Puting

a signal to nojse ratio for, said denmodul-ated In 10 accordance with
'sai d noi sEPHRISEG Hhe $8PY Afenpdul ated signal and said bit energy for

sai d dgnodul at gebushahiting a predetermifled irftegeneiidbeel (1) asathplsf gf ter

conprisin p..of ;.2 conbining at | east one additional signal to
noi se rat 38“‘95\“’%?& %ﬁg?l one addi ti onal denodul ated signal .

10. The net hocoropuing mrbisthoadie fonisaid demoduladed signal m mocordaficeal ue

for said :%Qnr?ﬁl ses the steps of: summi ng the
squar es o?ﬁsy%ol anp |?{%ie sslél d accumul at ed 4 S){ﬂb0| s top provide a
summed8ener gy maa@mgabltenergjsmaé demodylased jandles of said

3ccu(rjrul ated syghg fiting®a signal téCIH@fsbnEhtﬁ”férsbﬁmoﬁeﬁfﬁ&hlﬁwab%%ﬂp 4 tudes;
VI dl

g t he ua I d sum I d s | it,udes rovi de
a nor i‘éﬁ?ré \gl F%@ noise val %’uﬁ‘ﬁn&?mﬁar‘r’g IaF‘ e?j“gcﬁ} re
val ue fromagydossai«bdemnehggteal(hlgnilue and di vi ding the result by (N1) to
provi de said noi se.
9. The method of Claim 8 further comprising the step of
2 combining at least one additional signal to noise ratio for at least one

additional demodulated signal.

10.  The method of Claim 1 wherein said step of computing a noise
2 value for said demodulated signal comprises the steps of:

summing the squares of symbol amplitudes of said accumulated
4 symbols top provide a summed energy value;

summing the symbol amplitudes of said accumulated symbols;
6 squaring said sum of said symbol amplitudes;

dividing the square of said sum of said symbol amplitudes by N to
8 provide a normalized square value;

subtracting said normalized square value from said summed energy

10 value and dividing the result by (N-1) to provide said noise.



