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spread spectrum (DSSS) and orthogonal frequency division multiplex (OFDM) PHYSs.

RSSI s clearly not useable by network management for handoff or load balancing.
RSSI from one station does not relate to RSSI from any other station. In high
interference environments, RSSI is not an adequate indicator of desired signal quality,

since it indicates the sum of:

[0006] desired signal + noise + interference powers.
- [0007] SUMMARY
[0008] In accordance with a first aspect of the present invention, there is

- . provided a method comprising: measuring a received radio



convergence protocol (PLCP) preanble over an entire
received frane; and determning an N bit received
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messasing aeresrid radio frequency power in a selected channel for an antenna over

a physical layer convergence protocol {PLCP) preamble over an entire frame; and
means for determining an RCPI, for determining an N bit received channel power

indicator parameter from the measured received radio frequency power.
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[0012] Figure 3 shows RCPI and PSNI in relation to SNR
in the denodulator. [0013] Figure 4 is a graph

showi ng PSNI val ue versus BER [00141 Figure 5is a

di agram of a first PLOP. [0015] Figure 6 is a diagram

of a second PLOP. [0016] Figure 7 is a diagramof a
third PLOP. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODMWYERIAS823(80017] A recei ved channel power i psinfadoDorsso

" (RCPI') disclosed herein provides a quantized,

obj ective input power nmeasure (S+N+l), wherein Sis
the signal power, Nis the noise power, and | is the
interference power. A perceived signal to noise

i ndi cator (PSNI) provides a value which is a neasure
of the perceived, postprocessing

si gnal noi se- pl Lc..rl t|o in
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conparl®ifl e r%weﬂeseblwle@m@fssgmwmngxm
[ obserpan a&ddaidgl th Ihdf REsed! invaitpanel s/ rates and anmong

al | t ween, al st atjons. [00181 Fiqure 1 is
a bl oﬁ afagr%ﬁ?‘ﬂ?sg* e fliageat exgales g RCPI and
PSNI Mmmmtﬁ.he present i nvention. The system 11

13, anaF o, g R hovh ot R BRNP s ot fo B0

nodul demodulatere front end 12, an anal og- di gi t al

convendms) 13, W,;gf AR I“SL@SQR nd
”aCk'[&gd oop gle E 1‘or‘|;rf'1h£1gl sect on . Al'so
shown an 031'5"5?1 gebadrtPRCBNd a frame check
nodul €015, Th&msmmagrm&ahmmcmcom ng signal

in a aI|t 82308
PCT/ U 20 4/ oo?égi%ﬁsho H'r‘ *‘E. The RCPI
according to the present |nvent|on measur es t ot al
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Thi's I[O%l?} A recei
ived channel power indicator (RCPI) disclosed herein
- provides a quantized, objective input power measure (S+N+I), wherein § is the
signal power, N is the noise power, and 1 is the interference power. A
_perceived signal to noise indicator (PSNI) provides a value which is a measure
of the perceived, post-processing signal-to-noise-plus-interference (S/IN+I))
ratio in the demodulator. ‘The PSN I provides a quantized, comparative
measure of received signal quality fobserved S/(N+I)] for all channels/rates
and among all PHYs and between all stations.
[0018) Figure 1 is a block diagram of a system 11 employing RCPI and
PSNI according to the present invention. The system 11 includes a front end
12, an analog-digital converter 18, and a PHY specific demodulator and
tracking loops module 14. The front end 12, an analog-digital converter 13,
and a PHY specific demodulator and tracking loops module 14 form an AGC
section 15. Also shown is an optional FEC decoder 17 and a frame check
module 18. The system 11 resolves an incoming signal in a plurality of stages,
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the total RP power, neasured as RF S/ (N+l) for each

AP. The output of the front end 12, represented at B,
is BB S/(N+l) for each AP, where BB is a power

constant used by the AGC 15. The out put of the

denodul ator and tracking |oops 14, which al so
corresponds to the output of the FEC decoder 17, is

the b{?{?{ g)('"{ rate (BER) for each data rate from each

put of the frame check nodul e 18PFEURH007640

frarre error rate (FER) for each data rate from each

AP, Th PSNI asyres observed S/ (Ntl) within a
dem)dLﬁ ABPAS e acraniing ta Fhereseal inyessiomER at

out putm&sm(e@ﬁ:iﬂ]racﬁoﬂmeﬂcymmﬁeﬁﬁaﬁxﬁmdéﬂﬁ 21. Thisis
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t he dlffer nt stations 31-3 nmeasur enent s at

Fi gur do9PB 1% grhidgleg serrqsponds FPE*QS avieet 9Bk FRQ daseder §7, igthe it
to deierrite GBEHER: aﬁch[ﬁa(al'_rhﬂ:lﬂ‘cﬁl dakk APN@h& bi@pdt of tife frame

measu ectlv t.he di.fferent
Cart e HochldGe SR s HOLER aleTrmalle & i ot ol Sl
meas urfdheie FENI NW@@M@QS/(HSBW ﬂ?embdmumrlbat i on

| TP b b Sasniéael 8 S ilak Q{1 1 0N Lo stati on,
and the SJ (N+1) msasuremsnt cann used
conpardPvel y HErHER A 2B are diaerams showing expgipleg ERCFT and

del | v@mﬂmgﬁah%n I Tehdht stAEicas AL, Eﬁaﬂw&mb

out puty | I dea ca t be
maasurecl-:i’o Jfrgs oRd fom efsm%ﬁééﬁﬁﬁwﬁrﬁabuwﬂog %B%ﬂ?%ﬁ?
rreasumsméﬂttbebmeg@ewfmf%ﬂmsmtlpasdﬂl—ﬂlSyThe
Sever alealitBlEadat mLes,t,m 3 L PR

FFdts are cogga?a onl}/ at the sane frame qg%tztgausg
dat a fgtepning iFigRal iRmepsuedpt tigpgamegubjective
r el at iSHIR ﬁ:ﬂthSNB’erdﬁt stmms amdmwugn an Sécafatd SO t h

ot er ParRsRR 3 AR apSylal oo m AbneiileR SupBppaons

conne ey wifelpfrom Eation to station, and the SAN+1) measurement cannot be
used comparatively between stations 81-33 to evaluate delivered signal
quality. Accurate FER measurement at output E is an ideal quality measure,
but cannot be measured frame by frame. FER can only be accurately
measured over a large number of frames, typically several hundred to several
thousand frames. Also, FERs are comparable only at the same frame size and
data rate. -
10020} Figure 3 shows RCPI and PSNI in relation to SNR in the
demodulator. Starting with Boltzman’s constant, a thermal input noise level
and interference power at input appear at the antenna connector input (21,
Figure 1). The received channel power level is that signal, minus ¢hannel
impairments, receive amp noise, demodulator loss, FEC decoder loss, and a
combination of a theoretical SNR for required reception and operating margin.
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. I nput

Figure 1). The received channel power |evel is that
signal, mnus channel inpairnents, receive anp noi se,
denodul ator | oss, FEC decoder |oss, and a conbination
of a theoretical SNR for required reception and
operating margin. -3 WD 2004/082308 PCTI US2004/ 007640
The I evel at the antenna connector input is either the

I nput wehidinsates0 or the input anal og SNIR depepgi&deorsso
on whether interference power at input is included.

The signal after channel inpairnments, receive anp

noi se, nmmqmm@ﬂm&@m,ﬁﬁ&mmw}m%ﬁmm
observed digit SNI R which'is the PS

dermod PR &PE“’%%IPP degendine pn whether interferegee pogprat input is
conbi riedudedi mmm@mpﬂ&w wibe,
receptaemadul%r fo&eaﬁ'i&cfd%&dmgsu' i ée%eﬁ%%g%ﬁhgf b,ég

operat|n N, Is the recelve anne
desi r dd gﬁ ¢¢%ﬂmﬂe“m-1@#5¥m§naﬁhsiﬂmmhﬂmg r, Pbish comatiined

ver susmaEdhb tﬁe@%&l SKRSoi YRR ar?.%ﬁﬁm
Mhlp% i S p?g%g§§ﬁﬁtmgge0| ied 1n a

rranner‘g‘égpﬂ?ﬁ%‘s B OPRRYNE RFIn iR % hfiFieerivs chiapngl Romer lew)

bit uniesigsded val ue, nDnotonlcaIIy increasing with

f
onboa DUAP ol 15 SAG moeted 2R Blok vithtaERyg
measurl@22} he tThepresentieNentioh measores inrubpower REPEathichdsl
chann@m&a@%ﬁa@a&hh&ﬁ:@@hﬂ&% L&l b aﬁ%ﬁﬁtﬁ&)

Fi gur ncludes power fromthe deS|red si gna
noi se%tﬁi’ﬁ‘g}‘%t “ﬁX?F"“'m aneeeaging siensl slaepgthy

dBm aﬁﬂomuﬁeaeqemm;mwﬂomﬁklmﬁmw@amm diEto RieRkure

B e 36 féedty e GRfin Byl RRHS R bR R, R aftenna

acr os senneetonie fseeBigured) guod includes meeﬁ‘bmtthﬁ desivest dgyl, noise

speci foh® thtki¥erddeb] HoP viIh&s &P #uﬁ bof & cl,.ng%&&%aﬁ

used whereyer RSSI [ s specified ove

Rep TRl paiie BOPlmaRe b > L HEPblepaampen spmr AsEe 4

a fr aniBmowiti 2 tyitsperAdBIRCRIREcuki® 84/~ $dB across the defined range,
equivalent to accuracy specified by TGH for the RPI histogram. RCPI may be
used wherever RSSI is specified. The above makes the RCPI value highly
desirable and breadly applicable as a frame quality measurement useful for
all PHYs and STAs. It is noted that the use of the RCPI provides ease of
implementation with modern manufacturers and paves the way for advanced
antenna designs.
[6023] The RCPI value is a measure of the received RF power in the
selected channel, measured at the antenna connector A. This parameter is a
measure by the PHY sublayer of the received RF power in the channel
measured over the PLCP preamble and over the entire received frame, RCPI
isa monotomcal],y increasing, loganth::mc function of the received power level
defined in dBm. The allowed values for the RCPI parameter are an eight (8)
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all PHYs and STAs. It is noted that the use of the
RCPI provi des ease of inplenentation with nodern
manuf acturers and paves the way for advanced antenna
designs. [0023] The RCPI value is a neasure of the
received RF power in the selected channel, neasured
at the antenna connector A This paraneter is a
measume Jounse PHY subl ayer of the recei ved Rpcpa¥afinorssn
in the channel neasured over the PLOP preanble an
over the entire received frame. RCPI is a

nonot omﬁaaaﬁm elnBAR b 0 enboRihAi2b (dAEdan | WHE faftte@ halkbe
recei ved cfeaﬁ eveI 359 ned in dBm The all owed

val ues™Fd ‘gﬁt@‘g"‘ére an eight (8) -4 WO
2004/ 082308 Pa&sPﬁﬁdd@dIleEh: bit value in the range

fromO throughy Zg.gwérdegggr%dﬁ W th indicated val ues
B a

rounded to the nearest as follows: 0: Power
<-110 dBm 1: PoRever=-1900dBmdBm 2: Power = -109.0
dBm 220: Power > -0 dBm 221-255: reserved 100241
Accuracy for each neasurenent is +/- SdB. The
measur enent assunes a receiver noise equival ent
bandw dth of 22 M. (0025] The perceived signal to

noi se plus i ntﬁroffvpenge &ﬁ NI) indicator is a

denodul at or speci processi ng estimation of
observed S/ ( N2t %MWWPER Al digital

denodybegspr s %ﬁmfagyaﬁl‘éd'&ﬂ nleeéapén&m +9 %ﬁpsm&%uement

processi ng to denodyl ate recei ved Many

i nt er f&} ﬁﬁ‘a‘ﬁ’t"a'fwseeﬁ@t’?lﬁ%a%ﬁv@ %mﬂonal to
per ceil0t2dl S/ ( NEHe)percSivadsignahtijiloRs plub Elteifkeencd (ESNT) mbichfor

keyings § Ee%@dula%mdpogp&%ces&n } BB %E) Ie\é%ﬂN-fI) and

BER/FER. All digital demodulators use tracking loops and complex post-
processing to demodulate received symbols. Many internal demodulator
metrics are proportional to perceived SAIN-+I). Some examples include:

phase shift keying (PSK): baseband phase jitter and received
error vector magnitude (EVM)

DSSS: spreading code correlation quality

OFDM: frequency tracking and channel tracking stability
[0026] Pemodulator internal metrics are available on a frame-by-frame
basis. Demedulator metrics proportional to S/N+I) are available at all data
rates. Demodulator internal metrics may be calibrated with respect to actual
FER performance to accurately indicate perceived or observed S/QN+I) in a
controlled environment with additive white Gaussian noise (AWGN). Such
demodulator internal metrics provide fast estimations of 8/(N+1) in both
interference environments and interference-free (noise only) environments. In
one potential implementation of IEE 802.11, called Task Group K of 802.11
(TGK), it is not necessary to specify which demodulator metrics to use, but it
is only necessary to specify how the quantized PSNI indicator relates to
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~error vector magni tude (EVM DSSS:. spreadi ng code
correlation quality OFDM frequency tracking and

channel tracking stability (0026] Denodul ator

internal netrics are avail able on a frame-by-frane

basis. Denodul ator netrics proportional to SAN#I) are
avai | f%gé at all data rates. Denodul ator internal

nmetric Mm & calibrated with respect to. act lmesﬁEﬁbomu
performance to accurately indicate perceived or

observ S/( E ina controlled environnent with

addi t i uBerieaample, K oA/ Gibify tBatcfor STAs which comply

demodu Iw@thtsoz 11K, STAShafRbpbds REPPLPPERB il %ﬁ}a@{*ﬁ&&@%@%

of Sl ( f |n both interference envir

i nt er f BT on LT, Rt RRagersnt ontity (RME) sawheel wariaklecoulsiapecify
pot ent Fhelusé efsheRBSTtfeld: a)ToRCPIFE (EQRNT tperéeiell 825 Koise
G oup Kaks ‘é‘g%"‘%"dﬁﬁw Q it is not necessary to .

I C

spemfé denpdurator netrics to use, but it is
only nB8&dsar yopﬁyp@&mdﬁybmnthéthqpméntzﬁdnﬂﬁ‘iheasures

o
P ety ST B o s
may speciay Thar mepe Iigrpasing with inopeasing S(NaD2PINIs
STAs rﬂaganﬂepmuymalto(pmﬁamhmnmﬁaymm&ﬁmcﬁ}%mn

[ { tit
( Sy "ertoonod sy AR S s el 1 epudass mmtp o EER
RSS| ~ fROBY4 2 fast ppigh toraPanchby® indimmto Sl aflfitiona ipviath 16 gGaize
t il Jndqaz 0 27
p?efng:rfg&sc%n‘oggﬁda%hh?@t he pltagéent |nven°f‘—"“2)ﬂ7q#z‘lées}ﬁﬁlg§n
out put S|I§ﬁ% %etl"ﬁ"?'”réd%fﬂ&uﬁEﬂmfs PSNI rézsge spans the

speci flpweat 82 ﬂB@omﬁbfthaﬂp@atgigtmﬁetomeﬁ') e \@%-WRE §\I
N+ PSNI

MoNot QataGalek ¥roh! g Wi th increasing Sl(
sca ?ed to perceived S/ (N+l) which

is Iaq arlthmca

rel at 'é_ 28 r ectlby Pﬁgﬂ Eizatop & f measareefthe hefoGibd, poktPricessing

o e sy e ot i 95 o .

2ddi t ] 0?1‘5 Vﬁéﬂeﬁfog m@r are an exght (8) bit value in the range
from 0 through 255 (declmal} This parameter is a measure by the PHY
sublayer of the perceived signal quality observed after RF downconversion to
baseband, and is derived from internal digital signal precessing metries of the
demodulator used to receive the current frame. PSNI is measured over the
PLCP preamble and over the entire received frame. PSNI is intended to be
used in a relative manner, and it is a monotonically increasing, logarithmic
function of the observed S/(N+I). PSNI accuracy and range are specified in
additive white Gaussian noise (AWGN) at given FERs for each data rate as

depicted in Table 1.
{0029} Theoretical FEC coding gain assumed in FER caleulations is
given by:

R=1/2, 5.4dB gain
R =2/3,4.7dB gain
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and scal e the indicator slope and the range of val ues.
Accuracy of the PSNI in AW is specified to be

+/-1dB for all FER points. PSNI range spans the | ower

32 dB portion of the operating range of S/(Ntl) to

cover high FERs at data rates from1 to 54 Mops.

[00281 The PSNI indicator is a nmeasure of the

per cei VERPOMIEBE. pr ocessi ng PCT/US2004/007640
signal -to-noi se-plus-interference (SI(N+l)) ratio in

t he denodul ator. The allowed values for the PSN

par aneter are aR=e3lgl4t4dB%)mbit value in the range

fromO topgguah %iﬁ—gréﬁlﬁgl% This aneter is a
maasuretg%]st he P Ayer ¢ zle‘f?’g ‘““??e’i“\?’é@ Hrrapasure
qual i t yF dee&wmudn%ememm rabgsRPapRen

et G m“‘aw"‘%"ﬁtmmﬂt%’“%?ﬁ R, P o

metrics t he dul at or _use
current ?513 "ﬁ@ﬁ\ﬁ? ofulgtion (RN} adjusémerpts @ped to offset BER
preanbl@r@ﬁdrecaademtthcbméhmeme received frame. PSNI is

“intend b [ t dit
oot oreed 1 i RS sofl oy ol o i, bt et PR e o

observ E%P%%F({qli Bit em@mmdﬁmd oA ﬂgﬁfo:ﬁfaed error correction
speci fl(BEC)dadxngdgﬂdtaWa%h%Hatr&e%‘f&%' RD‘%PG&&

gi ven R ac data rate as
[ 00291 % é’%ﬁtgﬁ‘i r?&l"daw%vmsmaamuwmhanmg

- cal cul whmbm&ho@ambmgrdamvéd&su& lev&®. Note that

2/ 3, 4GSR 4/ 082308 P / 41007640 R
= 3/ 4, é{ 4dB gal n %ﬁ%ﬁ%@% ﬁ tgﬁgti\ gf |9gte rate pogsille
i ndi cat‘@élewtﬂa@glapwepteblqﬁsam@) PSNI. Wien PSNI

exceedgogsBe hi W%;ﬁgmggg@ W%%S@I? e of

?'e‘rggpt 358 el ol tor b st Troceseang, observed BYNo (OBbNG) opacl o 4.4dB,
for binaxy phase shift keying (BPSK) at 1Mbit/s data rate. Eight units (steps)
per dB is selected to provide a 32 dB range in an eight-bit PSNI value. For 1
Mbit/s BPSK operation, PSNI = 8* [OEbNo - 4.44B]. In general, for ail other
Flata rates and modulations:

[0034] PSNI = 8*[OEbNo - 4.4d8 + DRMgx - CFyl. Equation (1)
[0035) where DRMx is an S/N adjustment unique for each data
rate/demodulation combination. DRM values are calculated in Table 1. CFy is
a hardware-specific factor used to account for implementation variances in
each FEC decoder in the station. CFy = CGtheo - CGact = actual FEC decoder
loss, for each decoder at each specified FER point. CGtheo Tepresents
theoretical coding gain and CGact represents actual coding gain. CGtheo
values are listed in Table 1. When no FEC decoder is used, CFy = 0. Equation
1is the foundation of the PSNI measurement.

[0036) Analyzing PSNI in relation to input signal to noise plus
interference ratio (ISNIR) as follows:




[0031] The data rate/nodul ati on (DRM adjustnents used
to offset BER curves are as depicted in Table 2.

[ 0032] Table 3 shows the val ues obtained for Eb/ No,
BER, and FER for a PSNI = 101. Bit error rates (BERs)
vary based on the forward error correction (FEC)

codi ng used at each data rate. FERs vary based on BER
and PPt h. Note that for any station, PEMis2eaebres0
vary only as a‘result of changing channel conditions
or changi ng received desired signal power |evel. Note

t hat {oaa'n ef f iISNFeaCy N, whére®bal ¢ 65, N-LR6* RIBW mSREBH) Bnd
at th est data rate possible while maintaining

an acc t e PER (QS). [0033] Analyzing PSN in

rel at il 310 of@asved Eb/No, a PSNI value of zero is
sel ected for a_post ces observed Eb/ No ( OEbNo)
equal 19459 4dE§b€‘ E;F)‘i'@ H%E%WWi ng Hargign (2)
at Mtts data rate. uni (steps) per dBis

sel ect®0} o p%@?@@Pﬁ-EQN@B%Wl n an ei ght HquatR@NBa)
Xalélgg][odzmr 1 FMPDRES MRTKAPREH & 99MHZSNI = 8*[OEbNo -

modul é?““%‘nsge%g‘g*sﬁbl%os{\fﬁﬂ & e 2 iﬁtgei Hation (8b)

CFy] . [®48iat i oﬂingm)aral[OOSG] vvhere DP. I\/I>< is an S(N

2gjrrg|3tr[g&ﬁingnums ues ar e% tﬁ?ﬁé‘%ﬁ&f’gﬁﬁ%ioﬁqﬁﬁfm

is aar d\Nare-speC|f| c factor used to account for

i npl e[mm}ati ou‘ha,gaibj,e@nces in each FEC decoder in the
actual FEC decoder

Isz)gtsl ﬂ?’é?l eacﬁ gi gggr %ﬁ'%ac@lmgbem fied PER p&apgtion (5a)

CG hetP0tdpresemd s theoretical coding gain and CGact
r epr e§Ras acmho-%mﬂ+%£g gﬁg‘gxg val ues are .. n.(5b)

listed in Table en no i S used,
0. Eqif#¥lon Emplpying EqhaifenihtiiecPSI = tBhIQEBthl- 4.4dB + DRMgx -

neasucmﬁﬁidlmﬂe%ﬂﬁ&fo%wb)%' wa'%“#(osﬁm%%&ﬁ”b -44dB
0P BB oRy andbSi £ PLHS st s STohs . S dian! © U

- as foI

[0050] ISNIR = OSNIR + TML + CI, Equation {(6)
[0051] where TML is the modem implementation loss and CI is the sum of
all channel impairments, we have

[0052] PSNI = 8¥{(ISNIR-TML-CI} + 9.0dB - CFyl Equation (7)
{0053]) Analyzing PSNI in relation to BER/FER, PSNI is a direct
measure of observed SNIR considering all channel impairments and
implementation losses measured at the demodulator. PSNI is specified with
xespect to output FER, which considers all implementation losses including
any FEC decoder implementation loss. Each station measures PSNI using a
correction factor CFy to account for the actual coding gain (CGact) of each
FEC decoder. Any station measuring PSNI on a frame using FEC will use
CFy so that the reported PSNI from all stations is normalized and assumes a
theoretical coding gain. '



7 WO 2004/ 082308 PCf/US2004/ 007640 [0037) SNR = C/
N, where Eb = C* Th, N = No * NBW (noise BW and
DR=1/Tb. [00381 Thus, [0039] SNR= Bb/lb = Eb*DR
=EbNo* DR/ NBW Equati on (2) No*NBW No*NBW [ 00401 I n db:
SNR = EbNo + DR - NEW Equation (3a) [00411 For DR =1
Mtts and NBW= 22 AIM [0042] SNR = EbNo + 60dB -

73. AdRyozoiadiees- 13. 4dB Equation (3b) [0043] |
general , [0044] SNR = EbNo - 13.4dB DR\, wi t FCTRgoso0rsto

fromTable 1. Equation (4) [0045] Therefore, [00461

EbNo =joBlR + 18pdd ' 004 d
(00481 CEBNo = N?Sﬁhﬂ+51§.§2§%“ﬁ%’6&ﬁﬁéﬁ%’a%?.°3% (‘%‘b‘?gm‘s)
[ 0049710831 oyi Reportefl BRNIgAlue may bensedigrytimatgOFidiusg BER/FER
4 4] AQODBMhoroitlg oA @iiad aitiung for CEDN0, PSN

and PSNIP2L g+ [ CRY %Q’@%WB*—‘"’%#@#E‘“& nce [OOS(ﬂq%F@N@
= OSNI 051 TV Bor@hta rifiga without sa@IEC deBE, DENNG fxeusEMrith She
e TOSIREAPALBING o e ke Chod el MR rmc

all channel inpalrments, we have

8* [ (| SHrakery QEDRY Js usedywigh e theopstica ERGErrutvR)for RYOB3 1

dA_n al y tzasﬁgaﬁm. INb]!;é Bhedre Q’Bg‘l geliﬁié%ﬁﬁa %ﬁgﬂlméc%e? only for

channct"ERp SFPHRR et dR of Ganse impsitments o dedrade OB:No i
the same way as AWGN, PSNI should be an adequate estimator of BER in all

channel conditions.

[0058] PHY-RXSTART.indication (physical Iayer-receive start
indication) -
[0059] This is an indication by the PHY to the Iocal medium access
control (MAC) entity that the PLCP has received a valid start frame delimiter
(SFD) and PLCP Header. The primitive provides the following parameter:
PHY-RXSTART.indication (REVECTOR): '
[0060] The RXVECTOR represents a list of parameters that the PHY
provides the local MAC entity upon receipt of a valid PLCP Header or upon
receipt, of the last PSDU data bit in the received frame. This vector contains
both MAC and MAC management parameters. This primitive is generated by
the local PHY entity to the MAC sublayer when the PHY has successfully
validated the PLOP header error check (HEG) cyclic redundancy code (CRC) at
the start of a new PLCP protocol data unit (PPDU). The effect of receipt of

~ this primitive by the MAC is unspecified.

{0061) PHY-RXEND.indication '

[0062] This primitive is an indication by the PHY to the local MAC

entity that the MPDU currently being received is complete. The primitive
- provides the following parameters: PHY-RXEND.indication (RXERROR,

9



®

i mpl ement ation | osses neasured at the denodul ator.

PSNI is specified with respect to output PER, which
considers all inplenentation |osses including any FEC
decoder inplenmentation |oss. Each station neasures

PSNI using a correction factor CFy to account for the
actual coding gain (C&ct) of each FEC decoder. Any

st at i wo 2e@easei ng PSNI on a frame using FEC Wipkdmsbssinoress
CFy so that the reported PSNI fromall stations iIs
normal i zed and assunes a theoretlcal coding gain. -8

V\DC(ZSS a?ﬁ e de ode Iosgm[ gr]o?%ﬁ}ﬁ?%egﬁgeo
[0055]% "g ‘?Pémﬁ{a‘G %t“?i’sgagm st, or
t oest |lﬁ3tm@bdbaa.d35&hbéi-lafe:¢@@§)dxﬁm anéﬁthélgLCP’s

1 o ARG RA R Wi s T it

Wit homﬁFDa'iﬁ'hq:@ & Besenbes @Wme&erue@dnw ibn"eatzmé thoge error

theor%ﬂmmPSK EbNo curve to estimate BER For data
rat es h an E 0 , OEbNo is used with the
t heor df468h é&'%gmﬁb%%r Be s grede fadicate that neerpas opsppyed

" Note ﬂhﬁgtﬂeeedéﬁhlbm&ﬁiﬂh@%ﬂlﬁ.p to DERis speC| fied

onl f he t effect

|n”pgu rments i $ (%@%gra e CEBRES r?s?d%ﬁ%&gaz?r@av\%?f%f?at

AWGN, oftbpireceived PRDYavanir egrbequat e estimator of BER in

al | nel ion
qdvRR W%Q%Lﬁgééhs cat.ﬁﬂ %gmgq@

(physi cal | ayer-receive start hi s

i s anTieARioR FQ‘?H“W‘%%"W%%“@H MBU&lmwmq;maaM
cont r ab furi¥eEproestiing yf thO MPDU N Bb GRobgBshegCei ved a

vo G AL g il e e

PHY- Rx<aptian of theiineming PRI W BEHEDRYoried date rate was detected.
[0067] The RXVECTOR represents a list of parameters that the PHY
provides the local MAC entity upon receipt of a valid PLCP Header or upon
receipt of the last PSDU data bit in the received frame. This vector confains
both MAC and MAC menagement parameters. This primitive is generated by
the PHY for the local MAC entity to indicate that the receive state machine
has completed a reception with or without errors. The effect of receipt of this

- primitive by the MAC is unspecified.
[0068} Receive PLCP
[0069} A first embodiment of a receive PLCP is shown in Figure 5. In

order to receive data, PHY-TXSTART .request is disabled so that the PHY
entity is in the receive state. Further, through station management via the
Physical Layer Management Entity (PLME), the PHY is set to the appropriate
channel and the Clear Channel Assessment (CCA) method is chosen. Other
_reoeive parameters such as RSSI, RCP], signal quality (SQ), and indicated

-10-



[ 0060] The RXVECTOR represents a |ist of paraneters
that the PHY provides the local MAC entity upon

recei pt of a valid PLOP Header or upon receipt of the
| ast PSDU data bit in the received frame. This vector
contains both MAC and MAC managenent parameters. This
primtive is generated by the local PHY entity to the
MAC s when the PHY has successfully validated

t he PW&’% error check (EEC) cyclic redurf§&g3pos/oTsdo
code (CRC) at the start of a new PLOP protocol .data
unit (PP . The effect_o ecejpt of this primtive,
by thedegfﬁgfﬂm@ém%af'ﬂﬁw agspfp point (PHY-SAF), shown in
R) CENDI'aheld.cati on [0062] This primtive is an

I ndi caty by 1 0,t I L VA ntJ. t hat

the. NP ey o U FeEllvibg alotfanlifin by, afBidrieto iioctes
pri m t £G4 mofe,dhq physicalfayef wedivmi- prergmdetertipe (FRMD_ED) is

PHY- RXGMBlell Rkt el BRI feRef edRleRthe BIP THRESHOATIAAR08

PCT/ US04/, 007640 IR fhe FXERAOR. par arrgt er

can ¢ (?ﬁ%y Wﬁ%ﬁ%&s} ffoabledpibes apdedoc iy established.
NOEr r oThesé-amnditiond axk abddd indcate kiiityds the MAC via

Unsup | . af _er ndi ti.ons m .
occur a t%?‘ﬁ?%'g%@w Sé"énglecfgéﬁg?gﬁg Eﬁuaeghf?rne@e’iﬁéemﬁm
det ect &) areer cadnjadksior ty comech regerition oftbe P drazmed ThGPMD

Then QpMaAIn S Shd Ghaly (MR STRAEEMDER I kbl to
val ue ‘i‘@a{}ggﬁag#aﬁqm*’é“%fe prseiothe MACe ur r ed

duri nglobtig r ecafierPHY-OCA Sslidate it 13€udd] {BR PHYOAEH] begins

F t Mi. o} At i ' .S, i ndi cat i
he Fonhitl ofhe Sillde ¥AMDA GRS e BALIA! S Bk e
[ 0065] detaster; @RE-36 proceppipg is\jnitisted prd the@I.CPJEER 802 21 SIGNAL,

that CEE@241)SERVASSRID INNEIH £48s 4:0 SQEAT e RIS frame

data ULl LoD rob)lS ks ing Fiho R 16TCh chock fails, the
PHY receiver returns to the RX IDLE state. Should the status of CCA return
to the IDLE state during reception prior to completion of the full PLCP
'prdcessing, the PHY receiver returns to the RX IDLE state.
[0072] If the PLCP Header reception is successful (and the SIGNAL
field is completely recognizable and supported), a PHY-RXSTART.indicate
(RXVECTOR) is issued. The RXVECTOR associated with this primitive
includes the SIGNAL field, the SERVICE field, the - MAC Protocol Data
Units (MPDU) length in bytes (calculated from the LENGTH field in
microseconds), the antenna used for receive (RX_ANTENNA), RSSI, PSNI,
and SQ.

10073} PMD_RCPL.indicate (RCPI).

[0074] This primitive is the measure of the channel power received by
the DSSS PHY measured at the antenna connector, and is generated by the
PMD sublayer, provides the received channel power indicator to the PLCP and

-11-



no farther processing of the MPDU can be acconpli shed.
[ 0066] UnsupportedRate. This value is used to indicate
that during the reception of the incom ng PPDU, a
nonsupported date rate was detected. [0067] The
RXVECTOR represents a |ist of paranmeters that the PRY
provi des the | ocal MAC entity upon receipt of a valid

PLOP wead@eds238 upon receipt of the |ast PSDUggﬁ% ' 640
in the received frane. This vector contains ot

and MAC managenent paraneters. This primtive is ,
gener A8 M4 pyi R ‘J]-&%II?IIN&Q | .
indicate thatpnthggv_er]gggge\g/gh.tg?got e machi ne'ﬁﬁgjs“h?giﬁ%idg?tgd
a r ec PRI nTRERATT ira mpaspra of theychennel poperreseivedhy the direct
! P e S e

i ve . S odi men
a reccte‘lm\’/le L%ﬁ gﬁ%'&%ﬁaii“%’sﬁ?ﬂ%lf’? t%dﬁﬁ?“e’]gfﬁfé P“RPBrte‘i)'
r ecei ThisgaimitivelfenddBHARFhe BYDomitenithe DISSSHPITE ik indhd feadive
the PEte. ot ebitinhSusly hvhiis ' s Rl
t hrough stati o%nhnﬁﬁqmntgéﬁgé?ﬁ%ﬁ_ﬁ%?c%%Egoiiedres the
ManagEereterin the MACsnGly. Thispaprmetpris provided tq the PLCP layer
appr ofyr ifbriatioedly) elhe TPk oSl in edifiHtGibn ARA TERTTN!
(CCA) _net had 1S C O"E‘?ﬂ O her receive paraneters such
as RSBPRCPPY Sﬁ“&n tality (SQ, and indicated -10
WO 2004/ 082308 PCT/ Q520041007640 data rate are

accesfpésVvi 2 Rkkow %81%¥-I ce access point (PHY-SAP),

shown_in Table 4 Upon_receiving the
transif@led efbeglpwedvaluesfprige REPE prraweler atedn thegange from

node, 0 tireugh! 226 bhdds aniyire BB the PAY oftREFBdivédehamiel fdver at

(90 Dl A A e e BB et

enabl swpatede PSIKIOd eehsnréd dugingthedebdpsig 6f the PLCP preamble and
over the entire received frame. The RCPI is measured in the same manner as
described above,
[0077] A second embodiment of a receive PLCP is shown in Figure 6. In
order to receive data, PHY-TXSTART.request is disabled so that the PHY
entity is in the receive state. Further, through station management (via the
PLME) the PHY is set to the appropriate frequency. Other receive
parameters, such as RSSI, RCPI, and indicated data rate, are accessed via the
PHY-SAP as previously described. '

[0078) PMD_RCPlindicate

[0079] This primitive, generated by the PMD sublayer, provides the
received channel power indicator to the PLCP and MAC entity and provides
the following parameter: PMD_RCPLixidicate (RCPI).

[0080] The RCPI is a measure of the channel power received by the
DSSS PHY as measured at the antenna connector. RCPI value indications of
eight bits (221 levels) are supported. This primitive is generated by the PMD
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These conditions are used to indicate activity to the
MAC via PHY-CCA. indicate. PHY-CCA indicate (BUSY) is

i ssued for energy detection (ED) and/or code | ock

prior to correct reception of the PLOP frane. The PMD
primtives PMD - signal quality (PMD_SQ and PMD_RSSI
are issued to— update the RSSI and SQ paraneters

r epor tvashobasizize MAC. [ 0071) After PHY- CCA. i ndi '

i ssued, the PHY entity begins searching for trﬁgﬁ"%f"!a‘ﬁ)?’m
of Frame Delimter SFD field. Once the SFD field is

det ect thHEPPIRY 25 | A i StV 4

e paa SRR S5 Ui Sl L BrifbBlly A e
field a¥ a5 preddesiee nagameterta thedha€ Rutityq Fhisc e
(FCS) pssamstadenseided ta ik PICH Bfer @RnfltnaticboP e THe REPI ﬁac?r

the R ' L et the RX | DLE state. Shoul
e stonnsPERERby PN & mifur e Sl ng

reception prior to conpletion of the full PLOP
procesgodiy. t he.idprd@cei ver returns to the RX I DLE
st at e.slg(%% 72] Lf the PLOP Header reception is .
succes! (‘arldeFHfeiSprofpdures fqrapcgivers cfpied tetegeive the
2 %3(3 % mahilory ﬁﬂdpﬁﬂmTGBdmsaaéi?diﬂ?oda&ﬁ%&I? a&%d iked : E:ﬁrein.

X Lssued. \ .assqoci ated wi
e oy ot SEIGR: tld R Rt o aigich o Fan Aceplse capeble o
SERVI @eeeiving| 56 Mbileand NydbiFs, ot edidtionDa il Mbitidrind MBERUY the
| engt IPHY IRt (S b PRENGE AdeP Lt Ll
m croseconds), the antenna uléfé ’olpger ecel ve Lodg
ANTENNAjamhiedemateand indicatpryrligh typenf peamble was received in the
PVD- RERIVECTORC Mtﬁe ?R@Bhl plembrdO itk hadilai ﬁn%&ie%vﬁiu‘ﬁ%égglek E's
nmeasur, annel .power receive
neas ur(g%&fgtﬁotqﬁ'éa%%?pén r?ﬁ’dp‘g%?f?fee&&ﬁ “mgﬁ?ﬁ“’g eFaine{CHO
the PNEBGGMogdylationsmsindicidesl in e SIGNAL fiell, aithrpats the woe

i ndi Ca bdddioh ReaRk R 1@fcTbR, WO 2. 0041082308
PCT/ U?&%QM 007640 . |
] The receiver implements the CCA procedure, in which, upon

receiving a PPDU, the receiver distinguishes between a long and short header
format by the value of the SFD. The receiver demodulates a long PLCP
header using BPSK at 1 Mbit/s. The receiver demodulates a short PLCP
header using QPSK at 2 Mbit/s. The receiver uses the SIGNAL and SERVICE
fields of the PL.CP header to determine the data rate and modulation of the
PSDU.

"[0084) A third embodiment of & receive PLCP is shown in Figure 7. In |
order to receive data, the PHY-TXSTART.request is disabled so that the PHY
entity is in the receive state. Further, through station management via the
PLME, the PHY is set to the appropriate channel and the CCA method
chosen. Others receive parameters, such as RSSI, RCPI, SQ, and indicated
data rate, are accessed via the PHY-SAP as described previously.

{0085] Upon receiving the transmitted energy, according to the selected

CCA mode, the PMD_ED is enabled as the RSSI reaches the

-13-



MAC. The primtive includes the follow ng paraneter
PVMDIJWPI . indicate (RCPlI). The RCPI is a neasure of the
channel power received by the direct sequence spread
spectrum PHY (DSSS PHY) as neasured at the antenna
connector. RCPl value indications of eight bits (221

| evel s) are supported. This primtive is generated by

t he Px@zoptisesog he DSSS PHY is in the receive séaisBscsddrosn
is continuously available to the PLOP, which, in turn,
provi des the paraneter to the MAC entity. This

par anEDeFTHRESHOLD, siddr PHMDLG®isRh&ed ﬂ]l@kodeﬁ&:lk is established.

10 Bk S e s S WSS SRR L1

RXVECFOR imtBrate. [Rimpmhhcam (BOWis isshedfor ED rana/becom

ga:rggsﬁﬁrt;gg&tdh %@n%f t e rg%gl VQQWWOMr H?Q’
the aRMDRRSST BMR apiate rediSS RORI R S@1 ght

bits ﬁai-aﬂ:ede&\aehﬁfbedwmem(pported PSNI is neasured

durin ere t e PLOP a and, qver

t he eﬁ?%éje re%glgvl%elgﬁpgﬁﬁ% ‘ﬁﬁ%%?ﬁg TBEh t he

sane $earching frdhe S8 Geld R tHe@RD ﬁe{ld)&ﬁé}ecbédmmipmcessmg

enmbo o) I n
dis B RAte® hndire BELP G PW%?&& Aﬂ{&m‘kcﬁx@ﬂ gsém

order tqQ receive data R uest sabl e

so t hgreiYele ThePRCAA Fptsys»rgeeﬁqedtﬁéhq@% 16 FCSchecls s, the'
Furt hmym&wmhﬁwummmmthé Mhéusloheca Rtk to

ﬁgier%m%%%%e grt S E ‘Jﬁ%ﬁ fé%%iﬁﬂ%%ﬁl) g'l cated

dat a rm#@RE&mwermwMﬂlemmms previ ously

descr [O Pﬁgﬂﬂﬁﬁ‘g
pri ml??&\?g B by _t he g‘k%a% ‘{Mlanlr oe\s;fl"I gs%l'ti??ld

ner at e
r ecei 1y &R ﬂg’ﬁ and sepneredr 2 PHYt indieate MAC

entit (}QXNEGTORW lisd@&1. The RKVECTOR associated with this primitive

includes: the SIGNAL field; the SERVICE field; the PSDU length in octets
(calculated from the LENGTH field in microseconds and the data rate in
Mbit/s); RXPREAMBLE_TYPE (which is an enumerated type taking on values
SHORTPREAMBLE or LONGPREAMBLE); and the antenna nsed for receive
(RX_ANTENNA), RSSI, RCPI, and 5Q.

[0088] PMD_PSNLindicate

[0089] following parameter:

Parameter | Associated primitive Value Deseription

RCPI PMD_RCPLindicate | 8 bits of RCPI | The RCPI iz a measure of
the antenna connector
channel power received by
the High Rate PHY, as
defined above in paragraph
[0023].

This primitive is generated by the PMD when the High Rate PHY is in
-14-



the follow ng paranmeter. PMDJt CPI.indicate (ROPO
[0080] The RCPI is a neasure of the channel power
received by the DSSS PHY as neasured at the antenna

connector. RCPI value indications of eight bits (221
| evel s) are supported. This primtive is generated by
the PMD -12 WO 2004/082308 PCTI US2004/ 007640 when

the DSSS PHY i's in the receive state. If is

cont iMUBHOEP% vailable to the PLOP, which, iR¥TUSHAI007640
provides the paraneter to the MAC entity. This

para ter Jsﬂ% %lded to the PLOP | ayer for

i nfo }[“'y tneppsly aypilableto tae BLOR, whigk imtems on

Wi t h fohilestthe paasidtertd ﬂi@lﬂtAC&‘ehﬁﬁalThﬁ&;&lrhﬁlMer :[s Q%ﬂi]ad to the

Recei ¥ eqel dur

recei v]g(r"]ih? 1#;:99 ur e?:!g on{ry e g‘g‘% %/ing P{?“'é"??a with
opt|dﬂﬂﬂtPE@Fﬁueﬂa@bs&uéqdﬂMmdﬂméKﬂﬂmsmaﬁemdes&wmﬂmd
her ei ghove. A receiver that supports this H gh Rate
extension of the standard is capable of receiving 6.5
Mit/s and 11 Mit/s, in addition to 1 Mit/s and 2
Mit/s. If the PHY inplenments the Short Preanble
option, it detects both Short and Long Preanble
formats and indi cates which type of preanble was
received in the RXVECTOR |If the PHY inplenents the
packet binary convol ution code (PBCC) Modul ati on
option, it detects either conplenentary code keying
(CCK) or PBCC Modul ations, as indicated in the SIGNAL
field, and reports the type of nodul ation used in the
RXVECTOR. [ 0083] The receiver inplenents the CCA
procedure, in which, upon receiving a PPDU, the

recei ver distingui shes between a | ong and short header
format by the value of the SFD. The receiver

denodul ates a | ong PLOP header using BPSK at 1
Miit/s. The receiver denodul ates a short PLOP header
using QPSK at 2 Miit/s. The receiver uses the SIGNAL
and SERVI CE ‘ g
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S

-and/ o CSlis enall ed aftdr, code lock is
est ab ]?s ondi ti onsl'eﬁgtg used to i ndi ¢cate
act i V|(M}uﬁfs}) t FECR4e |Q34ed) ndi catEER PSNI

fields of the PLOP header to determ ne the data rate
and nodul ation of the PSDU. [0084] A third enbodi nent
of a receive PLOP is shown in Figure 7. In order to
recei ve data, the PHY-TXSTART.request is disabled so
that the PHY .entity is in the receive state. Further,
t hrough stati on managenent via the PLME, the PHY is
set two ilsfse@pr opri ate channel and the CCA ne gm 7640
chosen. Others receive paranmeters, such as RS E%g
SQ and indicated data rate, are accessed via the
PHY- SAP as descri bed previously. [00851 Upon receivVving
the transm_tted energy, according to the selected CCA
mode, Telel Bl deruracy arhBIuEe as the RSSI reaches the

T USZ004TfEnip 40 E THRESHOLD,

PHY- S d—for—8Eg; ?'rd'/-m‘“?gg—
| ock prl or t ,%ulfﬁé‘%ept P%ﬁ of thel‘jf9 P hepder .
The AVD prinifives, PVD-SQ {PVMD RSSI, (% RCPI| are
i ssud® T o Updppsss Ne|Roike RYHbs0 and SU10RA e[ &4 58
reporfted to the MAC. |[ 00861 After PHY-CCA indicpte Is
i ssugd, the BHY enti{ly begingd searchi nd’;%r t hp SFD
fiel d5s&nce tMRIMES {heFBCT s [debect ed, |@P%+16 |101x8
procgssing ijs initifated andjthe PLOP Sl L, SERVI CE,
and LENGTH filelds aré received. The cRE™® Fcslis
procddded. | f|{HRRSSSRCY26 FCS{dR&Lk fai l|{d0%tthe Fo9%:8
receifver returns to fhe RX IDLE state. |lgfaqf he sfatus
of CQA+returns to the IDIF qtate duridg receptjon
priorl&o conpfl¥BMn o¥2t he fRABSPLOP [i8%essi nfflade
PHY rlecei ver Jreturns{to the RX | DLE st gtgge 1008[7] |f
t he Fﬁ“cc,&;cn S siggomssfu! ’%nd th
SIGNAL field 83+8
0.2%
11 HRDSSS | no FEC 1250 10% = 125+ 8
0.2%
11 HRDSSS |1/2 1 1250 10% + 82+8
0.2%
12 OFDM |12 1250 10% = 858
' | 0.2%
18 OFDM 8/4 1250 10% = 107x8
0.2%
24 OFDM 1/2 1250 10% = 14128
0.2%
36 OFDM 3/4 1250 10% + 163 =8
0.2%
48 OFDM 2/8 1250 10% + 208 8
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is conpletely recogni zabl e and supported), a

PHY- RXSTART. i ndi cate (RX VECTOR) is issued. The
RXVECTOR associated with this primtive includes: the
SIGNAL field; the SERVICE field; the PSDU Il ength in
octets (calculated fromthe LENGTH field in

m croseconds. and the data rate in Mitts);
RXPRERYBbst¥’E (Whi ch is an enunerated type j

val ues SHORTIE;REANBLE or LONGPREAMBLE): and t&gl‘:h&%/&ﬂm
antenna used for receive (RX-ANTENNA), RSSI, RCPI,

and S@— 100881 PVDRSN—TTidicare [OGS@TW
par a er: Palameter Associatkd primtile val ue

Descr{ P i on RCOFDM\D [FbLi ndi 1268 8 bi t K108 = RCPI| 243¢8
RCPI |s a neagure of { the antpnna connegggy channel
power Hved—by-+thHe- H-ghRat-e-PH—as . _defin

above in paragraph [0023]. This primtive is
generated by the PVMD when the High Rate PRY is in -14
WD 2004/ 082308 PCTI US2004/ 007640 the receive state.

It is continuously available to the PLOP, which, in
turn, provides the paraneter to the MAC entity. This
paranmeter is provided to the PLOP |ayer for
information only. The RCPI may be used in conjunction
with PSN to neasure input signal quality. The RCPI
is measured as described above. CJ
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--15 WO 2004/ 082308 PCT/ 0S2004/ 007640 Table 1.

PSNI

Accuracy and Range PPDU Data Rate Length (Miit(s)
1 DSSS no FEC 125 10%
t 32t 8 0.2% 2 DSSS no FEC 1250 10% k 66:t8 0.2%

5.5 HRDSSS no FEC 1250 10%t 101.-L8 0.2%
1/2 1250 10% 58 t 8 0.2%6 O-DM 1/2 1250 10%t 61 t

Mode FEC Rate (bytes) FER PSNI

8  0.w3%008s

3/4 1250 10%t 83*

8 0.2%

5.5 HRDSSS

no FEC 1250 10%t 125t 8 0.2% 11 HRDSSS 1/2
12 OFDM 1/2 1250 10% 858 0.2%

t 82:L 8 0.2%

OFDM gbgle 34005 RAUIM I atiof (DWK/Gjushnents

1

Data FEC Coded | Data DRM:
rate Modulatio | code rate rate adj. | Modulatio | Total S/N
(Mbps) | Mode in rate (Mbps) | (db) n adj. (db) | adj.(db)
1 DSSS | BPSK none 1 0 0 0
(SF=11)
2 DSSS | QPSK none 2 3 0 3
(SF=11)
5.5 DSSS | QPSK none 5.5 74 0 74
11b (SF=16)
5.b DSBS | QPSK 12 11 74 0 74
11b (SF=2)
6 OFD |BPSK ¥ 12 7.8 0 7.78
M
9 OFD ! BPSK % 12 9.54 0 9.54
iy :
11 |DSSS |QPSK |2 (1L |1041 |0 10.41
11b (8F=1)
11 DSSS | QPSK none 11 10.41 0 10.41
11b (SF=8)
12 OFD |QPSK % 24 10.79 0 10.79
| M
118 OFD [ QPSK % 24 12.55 0 12.55
M
{22 DSSS | 8PSK 2/3 33 13.42 0 113.42
ilg (SF=1)
24 OFD |16-QAM |1 48 13.8 3.98 17.78
M
33 DSSS | 8PSK 23 49.5 15.19 0 15.19
11g (SF=1)




24 OFDM 1/2 1250 10% 141:t 8 0.2% 36 OFDM 3/4 1250
10% 163t 8 0.2% 48 OFDM 2/3 1250 10%t 1206:L8 -16
WO 2004/ 082308 PCT/ US2004/ 007640 0.2% 54 OFDM 3/ 4

1250 10% 213 8 0.2% ) -17 WD 2004/ 082308

PCT/ US2004/ 007640 Table 2: Data Rate/ Modul ati on (DRM
Adj ustnents Data FEC Coded Data DRM ; rate Mdul atio
code rate rate adj. Mdulatio Total SIN (I\/bgé% Mode n
r at e WOWBYE§23Bdb) n adj. (db) adj.(db) 1 DSSS H8YEs0
1000 (SF=11) 2 DSSS QPSK none 2 3 0 3 (SF=11)

5.5 DSSS_CORSK_ none 5 5 7 4.0 7 4 1ibh (SFE=16). 5 .5 DSSS
QPSK 11962 110¥D, |@6-RAM h%p (SH48) 6| 6595 BHAG8 12]195%
0 7.78 M
48 OFD |{64-QAM |2/38 T2 16.81 8.45 25.26
M
54 OFD |64-QAM | % 72 17.82 8.45 25.97
M
Table 3.
Data Rate Eb/No PPDU
(Mbps)FEC (dB) BER Length | FER
5.5 (none) 9.6 1.O0E-05 | 1250 1.00E-01
6.5 (R=1/2) 9.6 125E-13 | 1250 1.008-09
6 (R=1/2) 9.2 1.26K-12 | 1260 1.00E-08
9 (R=3/4) 75 6.006-09 | 1250 4.80E-05
11 (none) 6.6 126E-03 |10 1.008-01
11 (R=1/2) 6.6 2.00B-09 |12 2.005-05
12 (R=1/2) 6.2 2.00E-08 | 1250 3.00E-04
18 (R=3/4) a4 140E-04 |10 1.10E-02
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M9 OFD BPSK 9 12 9.54 0 9.54 M 11 DSSS QPSK 1/2 11
10.41 0 10.41 11b (SF=1) 11 DSSS QPSK none 11 10.41 0
10.41 11b (SF=8) 12 OFD QPSK I h 24 10.79 0 10.79 M
18 OFD QPSK 9/4 24 12.55 0 12.55 M 22 DSSS 8PSK 2/ 3
33 13.42 0 13.42  11g (SF=1) 24 OFD 16-QAM 3 48 13.8
3.98 17.78 W33 DSSS 8PSK 213 49.5 1549 0 15.19 lig

(SF=1) -18
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WO 2004/ 082308 PCT/ US2004/ 0 40 36 _OFD

¥P5 56 3.98 19.54 M 48 OFD 64- QANICAE2090IEd0
16.81 8.45 25.26 M54 OFD 644" a 72 17.82 8.45 25.77

M Tab}815%4. PEIY.SAP service primitive parameters

Parameter Associated primitive Vaiue

DATA PHY-DATA.request Octet value X’00-X'FF"
PHY-DATA. indication

TXVECTOR PHY-TXSTART .request A set of pars;meters

STATUS PHY-CCA.indication BUSY, IDLE

RXVECTOR PHY-RXSTART.indication | A set of parameters
PHY-RXEND.indication

RXERROR PHY-RXEND.indication | NoEror,  FormatViolation,

Carxrier-Lost, UnsupportedRate

Table 5. PMD_SAP peer-to-peer service primitive parameters

Parameter Associated primitive | Value

LENGTH RXVECTOR, 0 to 2E13-1
TXVECTOR

DATARATE RXVECTOR, 1,2 Mbitfs
TXVECTOR

SERVICE RXVECTOR, 1,2 Mbit/s
TXVECTOR

TXPWR_LEVEL TXVECTOR 1,2 Mbit/s

TX_ANTENNA TXVECTOR 1,2 Mbit/s

RSSI RXVECTOR 1,2 Mbit/s

RCPI RXVECTOR 1,2 Mbit/s

5Q RXVECTOR 1,2 Mbit/s

RX_ANTENNA RXVECTOR 1,2 Mbit/s
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Data Rate Eb/No PPDU (Mops)/FEC (dB) BER Length FER
5.5 (none) 9.6 1.00E-05 1250 1.00E-01 5.5%-1/2) 9.6
1. 25E-13 1250 1.00E-09 6 (R=1/2) 9.2 1.25E-12 1250
1.00E-08 9 (R=3/4) 7.5 6.00E-09 1250 4.80E-05 11
(none) 6.6 1.25E-03 10 1. OCE-01 11 (R=1/2) 6.6

2. 00E-09 12 &= B 12 (R=112) 6.2 ZHOE-08 1250
2.00E-04 18" (R=3/4) 4.4 1.40E-04 10 1.10E-02 "J -19
WO 200082898 PCT/ US20041007640 Tabl e 4. PRYCEP$2804/007640
service primtive paraneters Paraneter Associated
primtive Val ue DATA PHY DATA. request Cctet val ue

X' 00" - Xaigte 6.5MD SAP Aublaytir asublayer sErN@ETIGHtves

PHY- TXSTAR;@TW of re TATDS

PHY- CCA. | hbF'®3¥¥%n BUSY, Requjept | Taicte | Fonfifn’ | Kesponse

PHY- RXSTA i nﬁt@h@on fgset of parangters |_

PRY- RXENOL_| ndi cat | on__RXERROR |PHY- RXEND. i ndijcat i on

NoEr ror, PempeiEND ati onx Caryxer-Lopt, -

UnsupportedRate Table % PMXEAP peerlto-peelr service

primtivel RMPANISHs Pal¥net er| Associ pted prfi-mitive

Val ue LENGHA+-RXVECTOR6-t-0—2F13—+

7 PMD_TXPWRLEVL | X - -

PMD_RATE X X - -
PMD_RSSI X - -
PMD_RCPI X - -~
PMD_SQ X - -
PMD CS X - -
PMD_ED X X - -
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TXVECTOR DATARATE RXVECTOR, 1,2 Moit/s TXVECTOR

SERVI CE RXVECTOR, 1,2 Mit/s TXVECTOR TXPWR LEVEL
TXVECTOR 1,2 Mtts TX ANTENNA TXVECTOR 1,2 Moit/s

RSSI RXVECTOR 1,2 Miit/s RCPI RXVECTOR 1,2 Moit/s SQ
RXVECTOR 1,2 Mit/s RX ANTENNA RXVECTOR 1,2 Mit/s
-20 WD 2004/ 82308 PCFNS2004/007640 Tabje 6. PMD_SAP

Reques

subl -t 0-SUbl ayer service primitives Prim.tj
%?Bqdﬁsgjﬁn 308 &gzommmo

ate Confirm Response PND_TXSTAl

PVMD TXEND X X PMD ANTSEL X -- PMD TXPWRLEVL X } PMD
RATEébﬁ q. %‘Egpig%% g%mitiv}s ggr[gme rs! X - -- PMD_SQ X -
Associated
Parameter Primitive Value
DATA PHY-DATArequest | Octet value: X'00-X’FF
PHY-DATA indicate
TXVECTOR PHY-DATA request A set of parameters
RXVECTOR PHY-DATA.indicate | A set of parameters
TX_UNIT PMD-DATA request | 1,0: DBPSK
dibit combinations
00,01,11,10: DQPSK
RX_UNIT PMD-DATA indicate | 1,0: DBPSK
dibit combinations
00,01,11,10: DQPSK
RF_STATE PMD_TXE.request Receive, Transmit
ANT STATE PMD- 1o 256
ANTSEL.indicate
PMD-ANTSEL.request
TXPWR_LEVEL PHY-TXSTART 0,1,2,3 (max of 4 levels)
RATE PMD-RATE.indicate | X’0A’ for 1 Mbit/s
PMD-RATErequest | DBFPSK
X’14 for 2 Mbit/s
DQPSK
RSSI PMD-RSSLindicate | 0-8 bits of RSSI
RCPI PMD-RCPLindicate | 8 bits of RCPI.
8Q PMD-SQ.indicate 0-8 bits of SQ
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WO 2004/ 082308 PCTI US2004/ 007640 Table 7. PMD_SAP
service primtive paraneters Associ ated Paraneter
Primtive Val ue DATA PHY-DATA. request Cctet val ue:

X 00' - X' FF PRY- DATA. i ndi cate TXVECTOR

PHY- DATA. reqte_-st A set of paraneters RXVECTOR

PHY- DATA. i ndkedt e A set of paraneters &-IX-UNIT

PMD- DAVdobsaiisgst 1, 0: DBPSK J dibit conbinati

00,01, 11, 10: DQPSK RX UNI T PMD- DATA. i ndi cat o L TgIszReTsH0
DBPSK di bit conbi nati ons 00,01, 11, 10: DQPSK RF_STATE
PMD_TXE. request Receive, Transmit ANT STATE PMD- 1 to
256 ANTSEL. i ndi cate PMD- ANTSEL. request TXPWR LEVEL
PHY- TXSTART 0, 1, 2,3 (max of 4l evels) RATE PMD- RATE
.indicate X OA" for 1 Mit/s PNMD RATE. request DBPSK

X 14' SK RSSI PMD-RSSI . i ndi cate 0-8
bits o?&gﬁélf&ﬁ%‘o .indicate 8 bits of RCPI

SQ PMD- amdtezat € 0- 8 |Rkdofiadll profitive Value
LENGTH PHY-RXSTART.indicate | 0 to 4095
RSSI PHY-RXSTART.indicate | 0 to RSSI maximum
(BXVECTOR)
RCPIX - | PHY-RXSTART.indicate |0 to 255
- (RXVECTOR)
PHY-RXEND.indicate
(RXVECTOR)
DATARATE PHY-RXSTART.request |6, 9, 12, 18, 24, 36,
(RXVECTOR) 48, 54
SERVICE PHY-RXSTART request | Null
(RXVECTOR)
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-22 WD 2004/ 082308 PCr/ uS2004Po0O7640 Table S.
RXVECTOR paraneters Paraneter Associated primtive
Val ue LENGTH PHY RXSTART.indicate 0 to 4095 RSSI
PHY- RXSTART. i ndicate 0 to RSSI maxi mum (RXVECTOR)
ROPE PHY RXSTART.indicate 0 to 255 (RXVECTOR)
PHY- RXEND. i ndi-chit e ( RXVECTOR) DATARATH
( Retirdeiaboreso

PHY- Rx&IbsdsTaes equest 6,9, 12, 18, 24, 36,
48, 54 SERVI CE PHY- RXSTART. request Null ( RXVECTOR)
-23 WD 2004/ 082908 PCT/ 0S2004/ 007640 Table 9. PNMD_SAP

subl amablempmmﬂyamu@ef $6-suBlapeéristivick YlmitRfek M t i Ve

Request thcat-e—ContfmRespepse—RME-IXSTART X - -
PVD_TXERBFRIGYe. pND_ TXFRW@EBVL KlnmmeRab‘f@nﬂlm Response
PVD RSSI s ?CPH—K— e H-—st+—of
paranetermsr‘[‘ rimtiyes - -
PMD_TXEND X - - -
PMD_TXPWRLEVL | X - - -
PMD_RATE X - - -
PMD_RSSI - X - -
PMD_RCPI - X - —

Table 10. List of parameters for the PMD primitives

Parameter Associated primitive | Value

TXD_UNIT PMD-DATA.request | One(1), Zero(0): one
OFDM symbol value

RXD_UNIT PMD-DATA indicate { One(1), Zero(0): one
OFDM symbol value

TXPWR_LEVEL PHY-TXSTART 1-8 (max of 8 levels)

RATE PMD-RATE.request | 12 Mbit/s (for BPSK)
24 Mbit/s (for QPSK)
48 Mbit/s (for 16-QAM)
72 Mbit/s (for 64-QAM)

RSSI PMD-RSSLindicate | 0-8 bits of RSSI

RCPI PMD-RCPLindicate | 8 bits of RCPI




oN

val ue

- 8 level s)

Par anet er Associated primtive Value TXD-UNIT

PMD- DATA. r equest One(1),
RXD_UNI T PVD- DATA. i ndi cate One(1),
TXPWR _LEVEL PHY- TXSTART 1-8 (max of
RATE PMD- RATE. request 12 Mit/s (for BPSK)

OFDM synbol val ue
24 Moit (s (farQPSK)

s ol o

Zero(0): one

OFDM synbol
Zero(O: one

48 Miit/s (for 1H=QAM) 72

RSSI PMD-RSSI . i ndi cate O-
.indicate 8 bits of RCPI
2004/ 082308 PCT/ U820041007640 Tabl e 11.

ook pre

Par anet er

ated vector Val ue DATARATE

vect of gy RLATRL el 89398}
RXVECT = 'Iﬁp rate s to transmt

TXVECTOR 't he PSDU

in Mbit | BarameteNGTH R} vé@ter | eng¥diuedf the PSDU in
TXVECTOR—eet-et-s PREAMBLE TYP RXVECTOR  The preanhl e
used fof DARARAEE TxVEGRENECEORs i ssi ofThsrateysed tofppsmit
This isjan enunerat g¢gxipup@oghat can|iht eEBULREMLKAl Ue
SHORTPREAMBLE_ or
LENGTH RXVECTOR, The length of the PSDU in
TXVECTOR octets.
PREAMBLE_TYP | RXVECTOR, The preamble used for the
E TXVECTOR transmission of this
' PPDU. This is an
enumerated type that can
take the value
SHORTPREAMBLE or
LONGPREAMBLE.
| MODULATION RXVECTOR, The modulation used for
TXVECTOR the transmission of this
PSDU. This is an integer
where 0 means CCK and 1
means PBCC.
RX_ANTENNA RXVECTOR The antenna used for
receive,
RSSI RXVECTOR 0-8 bits of RSSI
RCPI RXVECTOR 8 bits of RCPI
8Q RXVECTOR 0-8 bits of SQ
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LONGPREAMBLE. MODULATI ON RXVECTOR, The nodul ati on used
for TXVECTOR the transm ssion of this PSDU This is

an integer where 0 neans CCK and 1 nmeans PBCC. RX
ANTENNA RI HECTOR The antenna used for receive. RSS|
RXVECTOR 0-8 hits of RSSI RCPI RXVECTOR 8 bits of

RCPI SQ RXVEGITR 0-8 bits of SQ -25 WJ2p04/082308

PCTI Uog 0fddis2fd 640 Tabl e 12. PMD_SAP ' PCT/US2004/007640
subl ayer-to-subl ayer service primtives Primtive
Request I ndicate Confirm Response PMD_TXSTART X -

PMD_TXGM2 15 pmD: s%ﬁ?%‘};m&f&;e)ﬁ E@(@J f X - -

PVDJ 4 OQULATLION_X_X_PM JE X X -
PVMD RSY Primitixe PVD_RCPI | Requedtl DIxdiRake |RMRAMS KResponse

PMD_TXSTART X - - -

PMD_TXEND X - - -
PMD_PSNI - X - -

PMD_TXPWRLVL

PMD_MODULATION

X
X
| PMD_PREAMBLE | X
{ PMD_RATE X

PMD_RSSI -

PMD_RCPI -

PMD_SQ

PMD_CS

MM P M M M M
'
!

PMD_ED X
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PVMD ED X X -26 CLAIM5 1. A nethod conpri sing:
nmeasuring a received radi o frequency power in a
sel ected channel for an antenna over a physical |ayer
convergence protocol (PLCP) preanble over an entire
received franme; and determning an N bit received
channel power indicator (RCPI) paraneter fromthe
nmeasured received radi o frequency power. 2. The method
of claim1l wherein the negpuwists recei ved radi o
frequency power is neasured by a PHY sublayer. 3. The
nmet hod of claim 2 wherein the PHY sublayer is a direct
sequence spread spectrum (DSSS) PHY subl ayer. 4. The
met hod of claim 2 wherein the PHY sublayer is an
okt hog %gﬁﬂ . division multiplex (OFDM PHY
sablayggﬁ&g&{$ﬁ n%%%od of claim1l wherein the RCP
parcasmeingra reseiviel iadiedragaemy mowdnim o tseladctecdbhannélnfor @ashtdgna over a
Jdogarithmc function. 6. The thod of ¢laim5 erein
physicah BBt o3y GRS PFIOfah R e g AP ST e Erer g frldrme; and |
d @étieAgidlingNart BMbit /recdit@l @RAMMRH pBivef htlidiick WIS igRrdnfierNrom the
4%ﬁ RCPI paraneter is an 8 b|€ RCPI paraneter. 8. The
meas weeivest raglodrequenciperer-n a val ue of the 8 bit RCPI
paranmeter is in a range of O through 220. 27 9. The
nmet hod of claim 8 wherein the 8 bit RCPI paraneter
val ue The motheded ctabmd wheainehe ntaSurelBraceived ralie fromtenod power is

of , ¢l ai erein the 0 range val ue corresponds to
meas ol i BRI oy

3. The method of claim 2 wherein the PHY sublayer is a direct sequence spread
spectrum (DSSS) PHY sublayer,

_ 4, The method of claim 2 wherein the PHY sublayer is an orthogonal frequency
division multiplex (OFDM) PHY sublayer.

5. The method of claim 1 wherein the RCPI parameter is derived using a

monotonically increasing logarithmic function.

6. The method of claim 5 wherein the monotonically increasing logarithmic function

1s defined in dBm.

7. The method of claim 1 wherein the N bit RCPI parameter is an 8 bit RCPI

parameter.
8. The method of claim 7 wherein a value of the 8 bit RCPI parameter is in a range

of 0 through 220.
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220 range val ue corresponds to -GdBm 11. The nethod
of claim®6 wherein the neasured received radio
frequency power is neasured to an accuracy of +/ -
5dB. 12. A receiver configured for determning a
recei ved channel power indicator (RCPlI), the receiver
conprising: nmeans for neasuring a received radio
frequency power, for neasuring a received radio
f vequeTay nfReiarofi dith & Whekiethe (B m@mflﬁfan%?er%l&ﬁ@ founded to a
ver a physical |ayer convergence protocol (PLCP)
nemeﬁ@@% e over an entire frame; and means for
deternmining an RCPI, for determining an N bit received
channel power i ndi cat or paraneter fromthe neasured
r dBei v&He mathiod of elaiyu 8 wdyraothe 0. radg:. valiieeorrespendeto -0f0dBm and the
mher |n e nmeasured received radio
220“%'gwﬁhéawms ddE;neasured by a PHY subl ayer. 14.
The recelver of cIa|n113 wherei n the PHY subl ayer is
glreiﬁ sprea spectrum (DSSS) PHY
cib ay &pe mpK od Al S4B Fhgringhe Sreapured teceiypd Fasioy fregrency power is
measuRER toHaR aME: dﬁqﬁanﬂprthogonal frequency division
mul ti pl ex (8%DWD PHY subl ayer. 16. The receiver of
claim 12, wherein the RCPl paraneter is derived usi ng
i.}Z ”_?_Rg;tr?%l(l;&?ver Peq ﬁ%flaét 1%811{?1 %rrlﬁéeﬁ]vgd%ﬁ%nl’ﬁ% power 1nd1ca§or (RCPD),
the recadveoanprsihd:y i ncreasing logarithmc function is
defined in dBm 18. The re CFIVEF of claim 12, wherein
t FS20§ 45T moagysing &a?ea%?ifadf TEGICACHPRWEICEN MEAsHARRR aceived radio

frequeh8y pdR& ih @GEleMed cRihnél B A 48
. ypRCPII par amet gr isina ?%ﬁ#ﬂha% IZC\é“giay& C%BVérg&wg protocol

(PLCka%WW@¢0ﬁ¥3@Pﬂmﬁﬁ@9w @terein the 8 bit RCPl paraneter
VRl b Je?éfﬂlgrﬁgg a RCPI, for determining an N bit received channel power

indicator parameter from the measured received radio frequency power.

13. The receiver of claim 12, wherein the measured received radio frequency power is

measured by a PHY sublayer.

14.  The receiver of claim 13, wherein the PHY sublayer is a direct sequence spread

spectrum (DSSS) PHY sublayer.

15. The receiver of claim 13, wherein the PHY sublayer is an orthogonal frequency
division multiplex (OFDM) PHY sublayer.

16.  The receiver of claim 12, wherein the RCPI parameter is derived using a

monotonically increasing logarithmic function.
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the nearest 0.5 dBm 21. The receiver of claim 20,
wherein the 0 range val ue corresponds to -110dBm and
the 220 range val ue corresponds to -QdBm 22. The
recei ver of claim 17, wherein the neasured received
radio frequency power is neasured to an accuracy of
+/- 5 dB. 23. A wireless comuni cation system havi ng
at | east one access point and a plurality of wreless
transmt/receive units (WIRUs), the system conpri sing:
a app at us .conf | red for determ ning a received
ﬁgnnel PRV nei 16 R@F@F?n theygno igadlyigicreasing logarithmic
functiof Fddrsbd G dB|ans for rreasurl ng a received radio
frequency power, for neasuring a received radio
frequency power in a selected channel for an ant enna
ogr a on enc PLCR .
oo i ferehk of Bih, GVMAERAF AT BLRKRT Baphiercr i an 8 bit RePr
paranggrer mi ni ng an RCPI, for determning an N bit received
channel power indicator paraneter fromthe neasured
recei ved radi o frequency power. 29 24. The system of
cliai m ZBe radReLbN clahf 1% 3%efcifla VARG ofafe R RCPI parameter is in a
frequency power is measur ed by a PHY subl ayer. f .
rangephB-220st em of clai m 24, wherein the PHY subiayer is a
di rect sequence spread spectrum (DSSS) PHY subl ayer.
26. The system of claim 24, wherein the PHY subl ayer
i 80.an ®he lwgiwnrabf ¢lnieq U2 nelyereidithe 8 ibitrROPI parphensr (AN rounded to
ﬂwrwmeﬁ(ﬁﬁ?%yy 27. The systemof claim23, wherein RCP
is derived using a nonotonically increasing
Iogarlthn1c function. 28. The system of claim 27,

wherein the nonotonically increasing |logarithmc
f ahct | She reseiyerafirdami 20, aibareinte OThegesyabteerprstpaidaton10dBm and

the 2283angthRNMR Bt Pondl B! parameter is an 8 bit RCPI

22.  Thereceiver of claim 17, wherein the measured received radio frequency power is

measured to an accuracy of +/- 5 dB.

23. A wireless communication system having at least one access point and a plurality
of wireless transmit/receive units (WTRUS), the system comprising;

an apparatus configured for determining a received channel power indicator (RCPI), the
apparatus comprising:

means for measuring a received radio frequency power, for measuring a received

radio frequency power in a selected channel.for an antenna over a physical layer convergence
- protocol (PLCP) preamble over an entire frame; and
means for determining an RCPI, for determining an N bit received channel power

indicator parameter from the measured received radio frequency power.
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paranmeter. 30. The system of claim?29, wherein a val ue
of the 8 bit RCPI paraneter is in a range of 0-220.
31. The system of claim 30, wherein the 8 bit RCP
paraneter value is rounded to the nearest 0.5 dBm

32. The systemof claim 31, wherein the 0 range val ue
corresponds to -110 dBm and the 220 range val ue
corresponds to -QdBm 33. The system of claim 28,
wherei n the nmeasured received radi o frequency power is

ngasured to an accuracy of +/- 5 dB. -30. ) )
4. The system of claim 23, wherein the measured received radio frequency power is

measured by a PHY sublayer.

25.  The system of claim 24, wherein the PHY sublayer is a direct sequence spread
spectrum (DSSS) PHY sublayer.

26.  The system of claim 24, wherein the PHY sublayer is an orthogonal frequency
division multiplex (OFDM) PHY sublayer.

27.  The system of claim 23, wherein RCPI parameter is derived using a

 monotonically increasing logarithmic function.

28.  The system of claim 27, wherein the monotonically increasing logarithmic

function is defined in dBm.

29.  The system of claim 23, wherein the N bit RCPI parameter is an 8 bit RCPI

paramecter.

30.  The system of claim 29, wherein a value of the 8 bit RCPI parameter is in a range
of 0-220.

31.  The system of claim 30, wherein the 8 bit RCPI parameter value is rounded to the
nearest 0.5 dBm.

32.  The system of claim 31, wherein the 0 range value corresponds to -110 dBm and

the 220 range value corresponds to -0dBm.

33.  The system of claim 28, wherein the measured received radio frequency power is

measured to an accuracy of +/- 5 dB.
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