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A remote receiver tuned to a carrier frequency is required to receive

20 and demodulate signals transmitted from a corresponding transmitter at the
same carrier frequency. The remote receiver recovers the baseband signal
from the modulated carrier. The baseband signal may be directly presented
to a user or may be further processed prior to being presented to the user.

Portable wireless communication devices incorporating both a

25 transmitter and receiver are used to provide two-way communications.
Examples of portable wireless communication devices, commonly termed
mobile units, are wireless telephones. Wireless phones may form a part of a
wireless communication  system such as those defined in
Telecommunications Industry Association (TIA)/ Electronics Industries

30 Association (EIA) IS-95-B, MOBILE STATION-BASE STATION
COMPATIBILITY STANDARD FOR DUAL-MODE SPREAD SPECTRUM
SYSTEMS and American National Standards Institute (ANSI) J-STD-008,
PERSONAL STATION-BASE STATION COMPATIBILITY
REQUIREMENTS FOR 1.8 TO 20 GHZ CODE DIVISION MULTIPLE

35 ACCESS (CDMA) PERSONAL COMMUNICATIONS SYSTEMS. Wireless
phones used in the two aforementioned systems must conform,
respectively, to the standards TIA/EIA 15-98-B, RECOMMENDED
MINIMUM PERFORMANCE STANDARDS FOR DUAL-MODE SPREAD
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The signal incident at the receiver is composed of the fast fading

signal superimposed on the slow fading signal. As a result, a moving radio

35 receiver may experience tremendous variations in received signal strength.
Additionally, a moving receiver experiences a frequency shift in the
received signal. One contributor to a frequency shift is the doppler shift that



25 cal cul ate the nunber of tines the instantaneous envel ope val ues cross a
| evel crossing threshold, and a | ook up table that naps a | evel crossing

nunber tev@oyheaity estimate. The velocity estimator mayp@/E0i6Q" porate
a FIFO for storing a predeterm ned nunber of instantaneous envel ope val ues.
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signal over_ a predeterm ned nber of ips. The, | eyel ¢rossing counter may
i ncor por at@URSS RefEerE SHT! &E‘é%%l o 5“@%%@‘?&5”@&% ﬁ‘r\% e rﬂzfohb%r ating
a hi gh | eweteivir esladive tantheatrhnsmiiterel t hreshol d. The high | evel threshold

Mot R var adiore 1 rEEP) RREh RS RiTte pMond SpRPET $ 350 "
pr edet er ni%e@rviHSIE-008 com@udcgtion| sySBNRCTEXPeSERCES - 2ighal 4ad&s bwidw one
hal f the rf%u,;;égﬁggpé}g% WRifts [€a \fa{lﬁg@ }gésxft‘%‘h Flﬁﬁ?,t gﬁ@ﬁ?{\ﬂ'\eﬁltpa%' cul ar

enbodi ment . T} C estimator ne e a nor zPng multiplier to
gener at e .dNABHABRFGCLEETy HIGPEPBRALAS || YAPYs nigChniduen st soatrensatenios the val ue

by a 5 norgmplitiddahdFt@uenkd @iREatRIFROGH fRNincohifigR@rml | zi ng factor may be
2/ (runni ng alug). en g? nor{)nilizin muJ tiplier is used, the |evel
crossi ng count eI\FIIOﬂ? ST, JNBRE L ﬁ’?ﬁ@ﬂ 1%\?&391%% ‘flﬁP@gthgH’?.thgﬁl £41

DESCRI PTI @d Adve dDRAME MashilOrebhiy drdaisutresy] edlge axftiss, veloditad Wbt éges, of t he
presenp i vefr{igf% vg ltbe%%ﬁ@ré&ﬁ@e PPAY .@%Mcfe?%%th i\?& il ed. .descr.] pti on
set fort hrli)nt-ﬂ oW \%ﬁenf aken i nh conj J??C‘?I 0§1 i“th th]éseglr1 ﬁ@é“‘f:ﬂo&m’éﬂ i ke

r ef er ence prisdtion ideterminationfalgerithms pohdditipnallyh the gebndtyanfl thh enadbite 15
FIG 1is [ f ' j [ j | ock
FIG 4 is 2 Vv 1L EEMANGYi agr am

of level hietwileatysof Bk Hdbilebrecsivr Msoek tith apmame tHatarvaheehy sesthemnt i on

i npl egentatiaon; FI 7.is a bl g\&lk ﬂi aetgran?). f a vel QCite% e]%i mat,i on

i npl ertent EFOErF ke gneasuiemeny, ehibs mebile argrry lerilariesAs et hod; and
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estimati on nmet hod. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FI G
1 shows a bl ock diagramof a w reless conmunicati on system 30 where the

mobi | e receiver i npl enen®MNARY, OF (THE INYENTION ess tel ephone system

is provided only as an exenpl ary enbodi nent. Mobile ' receiver velocity
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wi rel €ss tel ephonefsystemor even a W reless communi cation s
be appar erfstifeatenchawing| adsiphak peoegssonfthat extracts one multipath from a

received signal, a signal scaler and multiplier for scaling the received signal

will

by a scale factor that is the inverse of any AGC gain, an instantaneous
envelope calculator, a running RMS calculator, a level crossing counter to

25 calculate the number of times the instantaneous envelope values cross a
level crossing threshold, and a look up table that maps a level crossing
number to a velocity estimate. The velocity estimator may also incorporate
a FIFO for storing a predetermined number of instantaneous envelope
values. :

30 When the velocity estimator is implemented within a CDMA
wireless communication device, the received signal is a composite CDMA
signal and a single multipath can be obtained by despreading and
accumulating a pilot signal over a predetermined number of chips.

The level crossing counter may incorporate hysteresis into the level

35 crossing counting by incorporating a high level threshold and a low level
threshold. = The high level threshold may be generated as a first
predetermined level, M, dB above one half the running RMS value. The
low level threshold may be generated as a second predetermined value, N,



35 receiver design that velocity estimation as disclosed herein may be

i npl emented in nobile radio receivers. A nobile phone 110 operating in a
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LNA 2 gain. Thus, the LNA 220 is chosen to provide a mninmal noise figure
in the recei ve bdDETAILERPESYRIFTIOGN €k NMHdE PREFERRED

EMBODIMENTS

FIG 1 shows a block diagram of a wireless communication system

30 where the mobile receiver implements velocity estimation. A wireless

telephone system is provided only as an exemplary embodiment. Mobile

receiver velocity estimation as disclosed herein is not limited to

implementation in a wireless telephone system or even a wireless

communication system. It will be apparent to one skilled in the art of

35 receiver design that velocity estimation as disclosed herein may be
implemented in mobile radio receivers.

A mobile phone 110 operating in a wireless communication system,

such as an I5-95 or J-STD-008 system, uses radio waves to communicate with
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| Q sanple bitwi dths on commercial Application Specific Integrated GCrcuits
(ASICs) are typically limted to 4 - 6 bits, due to a desire to mnimze

ext er nal wah iSeg168t @ path hardware, and power consunpti on.pdhgsea@ddioop is
used to capture the large dynamic range with a small ADC bitw dth. The AGC
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crossing 25 nunber represents the velocity estimte. An alternative
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conpri si nghigh threshold and a low threshold. A signal’s amplitude is not considered
to cross the threshold level unless it starts below the lower hysteresis
25  threshold (set N dB lower than threshold level) and then crosses the upper
hysteresis threshold (set M dB higher than threshold level), or vice versa.
The threshold level that results in a maximum number of level crossings is
one half of the RMS signal power. However, the actual threshold used is
not a design limitation and can be chosen to be any level relative to the
30 RMS level. In an exemplary implementation, M and N are set to 3. The
values of M and N need not be the same and may not be depending on the
predetermined threshold level. Therefore, when hysteresis is implemented,
small changes in the measurement of the signal’s amplitude that are less
than (N+M) dB do not get counted in the level crossing rate computation.
35 The level hysteresis algorithm can be expressed by the following
pseudocode, where s(n) is the symbol amplitude at time n, Ty is the high
hysteresis threshold level, and Ty is the low hysteresis threshold level.



2 a signal processor that extracts one nultipath froma received signal; a
signal sealer that generates a scale factor that is the inverse of an 4 AGC

gain; a gYélRhissr that scales the extracted nultipaath bpctbsmeshe
factor; G an 1nstantaneous envel ope cal cul ator that cal cul ates an

i nst ant aneous _ envel ope value of the extracted nultipath; 8 a running RVS
cal cul ator that calculates a running RVS val ue using a plurality of
i nst ant aneous envel ope values; 10 a |evl® crossing counter that calcul ates
a nunber of |evel crossings, wherein the nunber of |evel crossings is the
nunber of tinmes the 12 instantaneous envel ope val ue crosses a | evel
crossing threshglg engy phed fromthe running RVS val ue. 2. The velocity
esti mator of Cla|n1 fur ing a,l pok up 2 table that naps the
nunber of |evel crossingst tg”§96§¥%§ 2= QX?nate. 3. The velocity estimator
., of daim1l wherein the rek@mﬂédosmgg@buhﬁ&+&$ a conposite CDMVA signal. 4.
The velocity estimator of}CIain13 wherein the signal processor 2 extracts a
rnultipath by despreadi ng’ and accunul ating a pilot signal fromthe
conposi te CDMA signal ovethrasiwléddagrni;ned nunber of chips. 5. The velocity

estimtor of C therygonprising a FIFO 2 that stores a
predet er m ned ng'ﬁ%#{#{)l nst: S\t aneous enveI ﬁpe val ues equal to the

plurality of RMS val ues usfe@'“ieé eldtag =1t he runni ng RVS value.. 6. The

vel ocity estimtor of C alé’{ielcy\@ﬁiﬁ%(lohheerh%\ja crossing 2 counter

i nmpl eng;ts hysteresis in counting the |evel crossing by using an upper

| evel ossing threshold and a | ower | evel crossing threshold 4 generated
fromthe running RVS val uéhresMdldBl4@~0;GL- 453 18 PCT/ US02/ 0~991 7. The
velocity estimator of Claim6 wherein the upper level 2 crossing threshold
is calculated as a first predeterm ned nunber of dB, M above the |evel
crossing threshold. 8. The velocity estimator of Claim7 wherein the | ower

llevel 2 crossing ﬁhS%ﬁBwsdaﬂ Sstiatd! batiedsi alalrﬁéﬁ@'ﬁ(ﬂulﬁflﬁﬁﬁt%mﬂv‘é@dlﬂimer
of dB, N, belowt

SOl TS M T
RVE val ue. ghgh abhtha¥ &dhesint Vine AIGIRIOr béweber, nacmtmamm Efoandty aoése3. 11.
Avelocity cgg{ﬁonr%n?rreggﬂp1n a nglsy estimate of the multipath signal. The high
hysteresis threshold is denoted Ty 510 and the lower hysteresis threshold is
denoted T, 520. The predetermined threshold level occurs at a power level
20  in between the high and low hysteresis thresholds and is not shown in FIG.
5. The operation of the pseudocode provided above results in a level
crossing count only at those points denoted by the X.
A first embodiment of a velocity estimator 600 is shown in FIG. 6.
The velocity estimator 600 is shown for a receiver that utilizes quadrature
25 signals, such as a CDMA wireless telephone. ~However, the use of
quadrature signals is not required for operation of the velocity estimator 600.
In the first embodiment, the velocity estimator 600 is implemented
within a CDMA wireless phone, such as one that operates within the
communication systems defined in IS-95 or J-STD-008. Sampled in phase
30 602 and quadrature 604 signals are provided to a signal processor 610 that
performs PN despreading and accumulation of a pilot signal over a
predetermined period of N chips. The signal processor 610 operates as a
multipath extractor. The signal processor 610 may be a microprocessor,
digital signal processor, ASIC, or any combination of signal processor capable
35 of performing the function. The signal processor 610 may be capable of
performing the function as a stand alone unit or may perform the function
in conjunction with memory and by using instructions saved in memory.



2 a signal processor that extracts one multipath froma received signal; a
signal scaler that generates a scale factor that is the inverse of an 4 AGC

gain; a ¢ dddehiser that scales the extracted nultipath byrdimescoade factor;
6 an instantaneous envel ope cal cul ator that cal cul ates an instantaneous
envel ope val ue of the extracted nultipaat cal cul ates a running RVMS val ue
using a plurality of instantaneous envel.ope values; 10 a normali zing
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15 removed. The scaled signals are coupled to a low pass filter 630. The output

of the low pass filter is coupled to a power calculation stage 640 that
calculates the square root of the signal energy, denoted s(n), by taking the
square root of the sum of the squares of the scaled in phase and quadrature
pilot symbols.

20 The calculated value, s(n), is coupled to a running RMS calculator
650. The running RMS calculator 650 calculates a running RMS value using
a predetermined number of consecutive values of s(n). The calculated
running RMS value is coupled to a threshold computation stage 652. The
threshold computation stage 652 uses the predetermined hysteresis values,

25 M and N, to calculate the upper and lower level crossing thresholds. The
calculated upper and lower threshold values are coupled to a level crossing
counter 660.

The calculated values, s(n) are also coupled to a First In First Out

(FIFO) buffer 642. The depth of the FIFO is determined to correspond with

30 the number of symbols used in the running RMS calculation. The symbols
output from the FIFO 642 are coupled to the level crossing counter 660. The
level crossing counter 660 counts the number of level crossing using the
calculated upper and lower thresholds to implement hysteresis in the
counting.

35 The output of the level crossing counter. 660 is coupled to a look up
table 670 that maps the number of level crossings in a given period of time
to an estimated velocity. The velocity estimate is output directly from the




in phase signal conponent and a quadrature signal conponent. 18. The nethod
of Claim 13 wherein the nunber of crossings is 2 calculated using a high

level crQwsidpiidireshold and a low | evel crossing threshopchusheusiin the
hi gh | evel crossing threshold is a first 4 predeterm ned nunber, M dB
greater than one half the running RMS value and the | ow | evel crossing
threshold is a second predeterm ned 6 nunber, N, dB bel ow one half the
runni ng RVS val ue and wherein a | evel ckossing occurs when the
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crossing. The stages up to the calculation of the square root of the signal

15 energy, s(n), remain the same in the two embodiments. In the second
embodiment, the signal s(n) is coupled to a running RMS calculation 650
and to a FIFO 642 as in the first embodiment. However, in the second
embodiment, the output of the running RMS calculation 650 is coupled to a
normalizing factor stage 752. The normalizing factor stage 752 calculates 2/x

20 where x represents the output of the running RMS calculation stage 650.
The value 2/x represents a normalizing factor. The output of the
normalizing factor stage 752 is coupled to an input of a normalizing
multiplier 744.

The output of the FIFO 642 is coupled to another input of the

25 normalizing multiplier 744. The output of the normalizing multiplier 744
is the FIFO 642 output normalized by the one-half the running RMS value.
The multiplier 744 output is coupled to a level crossing counter 660. The
Jevel crossing counter 660 is the same as used in the first embodiment.
However, rather than using varying hysteresis thresholds, the level crossing

30 counter 660 is able to use constant hysteresis thresholds. The level crossing
counter 660 is able to use constant hysteresis thresholds because the input
signal is normalized by a value proportional to the running RMS value.
The output of the level crossing counter 660 is again coupled to a look up
table 670 to determine the velocity estimate. Here again, the

35 implementation of the look up table 670 is optional. The level crossing
count may be used directly by a subsequent stage or a velocity estimate may
be calculated from the level crossing count.
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time T%l/lS is per%rmggl in one finger of a multi-finger rake receiver.
From the extracted multipath, the instantaneous envelope signal value is
calculated 806. In a CDMA phone, the instantaneous value is found by
summing the squares of the in phase and quadrature components of the
10  integrated pilot signal. A running RMS value is calculated 808 from a
predetermined number of instantaneous envelope values. Next, level
crossing thresholds are calculated using the calculated running RMS value
810. An upper level crossing threshold is calculated by adding a
predetermined upper hysteresis value to the calculated running RMS value.
15  Similarly, a lower level crossing threshold is calculated by subtracting a
predetermined lower hysteresis value from the calculated running RMS
value.

Once the level crossing thresholds have been calculated, the number
of level crossings is counted 812. A counting method incorporating
20 hysteresis may be used to eliminate contributions due to noise. In one
embodiment, the accumulated level crossing number is then mapped to a
velocity estimate using a predetermined look up table 814. Alternatively,
the accumulated level crossing number itself represents a velocity estimate.
A look up table is not required where the accumulated level crossing

25 number represents the velocity estimate.
An alternative velocity estimation embodiment is shown in FIG. 9.
The routine starts by receiving input signals 902. The routine next proceeds
to block 904 where one multipath is extracted from the received signal. The
routine next calculates an instantaneous envelope value of the one
30 multipath 906. The routine calculates a running RMS value using a
plurality of the instantaneous envelope values 908. The routine next
calculates a scaling factor that is equal to 2/(running RMS value) 910. The
routine next scales each of the instantaneous envelope values with the scale
factor 912. These normalized values are then used to count the number of
35 level crossings 914. The number of level crossings is then mapped to a
velocity estimate in a look up table 916. Here, the implementation of the
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Those skllled in the art recognize the interchangeability of hardware and
software under these circumstances, and how best to implement the
described functionality for each particular application.
The previous description of embodiments is provided to enable any
15 person skilled in the art to make or use the present invention. The various
modifications to these embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein rhay be applied to other
embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein
20 but is to be accorded the widest scope consistent with the principles and

novel features disclosed herein.
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| A Lepm@tor comprising:

a signal processor that extracts one multipath from a received signal;

a signal scaler that generates a scale factor that is the inverse of an
AGC gain;

a multiplier that scales the extracted multipath by the scale factor;

an instantaneous envelope calculator that calculates an instantaneous
envelope value of the extracted multipath;

a running RMS calculator that calculates a running RMS value using
a plurality of instantaneous envelope values;

a level crossing counter that calculates a number of level crossings,
wherein the number of level crossings is the number of times the
instantaneous envelope value crosses a level crossing threshold generated
from the running RMS value.

2. The velocity estimator of Claim 1 further comprising a look up
table that maps the number of level crossings to a velocity estimate.

3. The velocity estimator of Claim 1 wherein the received signal
is a composite CDMA signal.

4. The velocity estimator of Claim 3 wherein the signal processor
extracts a multipath by despreading and accumulating a pilot signal from the
composite CDMA signal over a predetermined number of chips.

5. The velocity estimator of Claim 1 further comprising a FIFO
that stores a predetermined number of instantaneous envelope values equal
to the plurality of RMS values used to calculate the running RMS value..

6. The velocity estimator of Claim 1 wherein the level crossing
counter implements hysteresis in counting the level crossing by using an
upper level crossing threshold and a lower level crossing threshold
generated from the running RMS value
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10.  The velocity estimator of Claim 9 wherein M and N are 3.

11. A velocity estimator comprising:
2 a signal processor that extracts one multipath from a received signal;
a signal scaler that generates a scale factor that is the inverse of an
4 AGC gain;
a multiplier that scales the extracted multipath by the scale factor;
6 an instantaneous envelope calculator that calculates an instantaneous
envelope value of the extracted multipath;
8 a running RMS calculator that calculates a running RMS value using
a plurality of instantaneous envelope values;
10 a normalizing multiplier that generates a normalized RMS value by
multiplying the instantaneous envelope values by a normalizing factor
12 generated from the running RMS value;
a level crossing counter that calculates a number of level crossings,
14 wherein the number of level crossings is the number of times the
instantaneous envelope value crosses a predetermined level crossing
16  threshold; and
a look up table that maps the number of level crossings to a velocity
18  estimate.

12.  The velocity estimator of Claim 11 wherein the normalizing
2 factor is 2/(running RMS value).

13. A method of velocity estimation comprising:
2 receiving composite input signals;
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14. The method of Claim 13 further comprising mapping the
2 number of crossings to a velocity estimate.

. 15.  The method of Claim 12 wherein the composite input signals
2 are CDMA signals.

16. The method of Claim 15 wherein extracting the single
2 multipath signals is performed by PN despreading and accumulating a pilot
signal over a predetermined number of chips.

17.  The method of Claim 16 wherein the instantaneous envelope
2 value is calculated by taking the square root of the sum of the squares of an
in phase signal component and a quadrature signal component.

18.  The method of Claim 13 wherein the number of crossings is

2 calculated using a high level crossing threshold and a low level crossing

threshold, wherein the high level crossing threshold is a first

4 predetermined number, M, dB greater than one half the running RMS

value and the low level crossing threshold is a second predetermined

6 number, N, dB below one half the running RMS value and wherein a level

crossing occurs when the instantaneous envelope values indicate the

8 instantaneous envelope values over time cross both the high level crossing
threshold and the low level crossing threshold.



