[0001]SYSTEM AND METHOD FOR RECEIVED CHANNEL POWER
INDICATOR (RCM MEASUREMENT [0002]FIELD OF INVENTION
10003]The present invention relates to wireless communications systems,
and more particularly, to a system and method for measuring a received
channel power indicator (RCPI). [0004]BACKGROUND [0005]A received
signal strength indicator (iSSI) is defined at the antenna input connector,
but it is not fully specified, because there are no unit definitions and no
performance requirements, such as accuracy or testability. It is not
possible to extract meaning from a comparison of RSSIs from dlfferent
stations &#Hf¥om dferen “olEAHe

same station. RSSIHAY HEeHiTEl XA ERBOIE
options within a station, such as a W|reless Iocal area network (WILAN)
station, aftHithin a given PRY, btHERORBETENBI@Valuations between

PHYs. RE®BIs resé&e@@ﬁﬂt&ﬁﬂﬁhﬁﬁ%&%%&é@ﬁ@ﬂﬁﬁﬁﬁg dfgfg
s,

(DSSS) and.Qrthogana Ivisi Iex OFDM) PHYSs.
is chin :%Wotu eableggﬁe%?v%r managréarggiem‘{ O HAR GETEs Tefgly od channel
g

balanci Btation does not relate to RSSI from any other
station. In high interference environments, RSSI is not an adequate
indicatoioob4esired signal quality, singgdtindisaies the sum of:
[OOOG]dmgg signal + no X mierfere ce owers 007]SUMMARY
10008]A receiver ana yses a %naf’% d s dsire o dbmel
power iRAIEABARE enaeatoR bkt R@Mm%%use thfethere no umt

recelvedemmeqqu;eﬂaﬁ)@ﬁwliﬂnmﬁx%'%@%w

the ante v RIRSHIOL, &Qg&%g%%r s & measure b 1 |f sub ayer
of the rece |ve &t% ower in the ch measurpaﬁmve I layer

conver% nee protocsl (Bt Epy ﬁﬁ%l@‘%@@@ﬁﬁ@éﬂm (BEBTwEgithin
frame. REPFE Hatison &%‘Eﬁeaﬂyhmeéamg dsaﬁflmmﬁi@ﬁ&éwﬁmﬁ (AP)
receivegipaweitidvel &e&e@dsﬁalﬁém Mm 3. Tlest agpect of

the presentinyentian.here i |s {)ﬁ ethod for determining a
receive hannel p%%v%%r iR |Ca nﬂ@“‘iﬁf%gl%’ﬁ%‘ﬁstfﬂﬁr%@@unlt

(WTRU; Hﬁmﬁgﬁ@em@m@@@m Yo (DSES
recelveﬁlsrgmﬂ fdeterminiigseh mnbitiRGROIIAS PRtE! f%ﬁl@%%@%&iﬁe d
radio FEeEHIRIGY ROWRE fﬁ/ﬁg@g&ﬁ&@% dggrorrpetceg al?:meterr;;%%ed using a

monot&inlc Lyln reaS| ger% arithmic functlon Wﬁereln nis

integer; an transml Eﬁﬁﬁ@ﬂ‘ﬁ”&t’ﬁ@?’?ﬁ%&uﬁ%ﬁ

[ooosbﬁf&e%&mngarg@e@qdmeenafme@mmmaaﬂemsa@ea &enal
prowdﬁwam/uiﬁtessmmasfmtﬁ@me)ymt (WTRU) comprising: a processor

configyiag)to: measyLs afadio frequ lency power of a received signal;

ZIOIS

determine an n-bit received channel | power Iﬁﬁ?&é’fBYQCﬁCN) parameter
from the measured radio frequency power, wherein the RCP1 parameter
is detéfifhed using a monotonically FUredsiRY logarithmic function,

wheremooiis a posiivgJalegel,a0d & éﬁ%wfémn‘isgr % 6&) ed to tra[gsmlt the
determined r}ilblttoR%psrameter 1000
DRA II\?G valee, The RCPI value is a measure of the received

radio frequency (RF) power in the selected channel, measured at the antenna
connector. This parameter is a measure by the PHY sublayer of the recsived
RF power in the channel measnred over the physical layer CUBVErgence

protocol (PLCP) preamble and over the entire received frame, RCPI is a
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10010)Figure 1 is a block diagram of a system employing RCPI and PSNI
according to the present invention. 100111Figures 2A and 2B are
diagrams showing examples of RCPI and PSNI measurements.
[00121Figure 3 shows RCPI and PSNI in relation to SNR in the
demodulator. [0013]Figure 4 is a graph showing PSNI value versus BER.
100141Figure 5 is a diagram of a first PLCP. 100151Figure 6 is a diagram
of a second PLOP, [0016]Figure 7 is a diagram of a third PLOP.
DETAILED DESCRIPTION OF THE PREFERRED 1: DEMENTS
100171Aalaizived.channel power indicator (ROPE disclosed herein
provides quan_tize%l%Mgéyﬁ%%mgw%%ﬁ%?ﬂﬁmﬁéﬁﬁ%
is the sig g\??e‘ﬁsﬂ‘is the noise power, and I is the interference power.
A perceived signal to noise indicator (PSND provides a value which is a
measurd@fithe perseivads PRSE-RIACRSSING vent S
signal-toérlgg)'ﬁ%glyosr-gé%erferuence (8/(N E%;?Qﬁ}f in the %dlé?’rrﬁ]cl)u Ulalsyefherovided
PSNI provides a quantized, ot perafive esbare stivdisavetRSIAILiguality
[observetiSlN-iBfoitaticchmulél aivateb aad ameng @hBillsand between

all stationgidGR48:igve 1 ig 2.black diagram of a system lfem !oylng
R.CPland PSNI agcsz%%in to tﬁégpﬁgséﬁ%i%\%ﬁ?fé“ﬁ‘?‘Pﬁé“é&’ré{@% { parameter

includes & Tront SR SH's e giareonvirten 18, Rad akR¥sprific
demodufatorana Mﬁdﬂﬂ@]kﬁﬁﬂ)@qf&ﬂ%ﬁ&;%ﬂg% 59?&;1#{&%&1%{@39 whergin nis a
analog-digital converter 43, and mF;IﬁY g ecific demodulator and trarlerlng
loops module 14 form an AGO section 15 ARt is dnsptisital FEC
decodet Y7 4Hd a frefivtdisasek soudlests: Frbsystem hidesaves.an
incomingsigtealany R atingafSlRE8S S Athrough K The RCPI
acco : {Q {hg Rrgsent invention dmeasuresbt@?glq}%%di%oﬁlgaﬂ%ﬁb@p('ﬁf—e)si)oéwer
A at an antenna input ST ARSI SRS FE OWER Trseast riehals RErmine
SI(N+) P &icHoARed Heaoututofrtveidront OB L2 oIS 8Die thal BadS g

oB Sahuib iveranty A WNETSER & PANELEANSIAM1SE0 DY Ihe 20 C

15. Them%%gg&t.ofﬁhe demodulator and tracking loops
corresponds o the’ SUsatBE iRttt igdestien IThdsihe bit erronvatereger:
(BER) foxleduieuiteerate fomdeackdih The eutpuirlhe iama sheck. ..
module 18 is the frame error rate (PER) for each data rate from each API&
The PSNI measures observed S/(N+I) within a demodulator but -
normali®883neasuremeRRIBF{HESTRRFPAIOM AR THR QRLOVEEEes 2A and
2B are pizgiams Sguingie¥aRBRIes QR AN BN MSASHERPE Rl at
differers s Uansatly &l S.CISARNISENtS at Figure

- 10011} Figures 24 and 2B are diagrams showing examples of RCPI and
PSNI messurements.

[0012] Figure 3 shows RCPI and PSNT in relation to SNR in the
demodulsator,

{0013} Figure 4 is a graph showing PSNI value versus BER.
0014} Figure 5 is & diagram of a first PLCP.

{0015} Figure 6 is a disgram of a second PLCP.

{0015} Figure 7 is a diagram of a third PLCP.



2A correspond to measured RCPI power at A (Figure 1). The signal is
measured at the same objective SNR for the different stations 31-33. The
measurements at Figure 2B correspond to a measured PNSI quantity,
used to determine FER at E (Figure 1). The signal is measured at the
same subjective SNR for the different stations 31-33. Although an
accurate S/(N+l) measurement at A is somewhat useful, RF demodulation
implementations vary widely from station to station, and the S/(N+1)
measurement cannot be used comparatively between stations 31-33 to
evaluate delivered S|gnal quaI|ty Accurate FER measurement at output E
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an eight (8) bit unsigned value, monotonically m&%%smg reas
signal strength. In one preferred embodiment, RCPI is Iogarlthmlcally
sealed in dB to measure the total received power within the defined
channel bandwidth at the antenna connector A (see Figure 1), and
includes power from the desired signal, noise and interference. RCPI
values are quantified in dBm and accuracy is specified across the entire
RCPI range. The 221 RCPI levels range from -110 dBm to 0 dBm with 2
units per dB. RCPI accuracy is -lI- 5dB 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 broadly 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. [0023]The RCPI value is a measure of the
received IW power in the selected channel, measured at the antenna
connector A. This parameter is a measure by the PRY sublayer of the
received RF power in the channel measured over the PLOP preamble and
over the entire received frame. RCPI is a monotonically increasing,
logarithmic function of the received power level defined in dBm. The
allowed values for the RCPI parameter are an eight (8) bit value in the
range from O through 220 (decimal), with indicated values rounded to the
nearest 0.5 dB as follows: 0: Power <-110 dBm 1: Power = -109.5 dBm 2:
Power = -109.0 dBm 220: Power > -0 dB#i 221-255: reserved
[0024]Accuracy for each measurement is +/- 5dB. The measurement
assumes a receiver noise equivalent bandwidth of 22 MHz (0025]The
perceived signal to noise plus interference (PSNI) indicator




is a demodulator specific, post-processing estimation of observed
8A14+1) and SEWER. All digital demodulators use traclring loops and
complex post-processing to demodulate received symbols. Many internal
demodulator metrics are proportional to perceived S/(N+1). 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]Demodulator internal metrics are available on a frame-by-frame
basis. Demodulator metrics proportional to 8/(14+1) are available at all
data rateboPemdditlatarhifteThaRNEl desran): bersaatac W Eﬁﬂ&?pect to

actual M%M@E%&HEW dicate perel ed or ob v
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PSNI. When PSNI exceeds the high end of the measurable range for a
given data rate, the maximum PSNI for that rate is reported. 100313The
data rate/modulation (DRM) adjustments used to offset BER curves are as
depicted in Table 2. 100323Table 3 shows the values obtained for FI/No,
BER, and FER for a PSNI = 101. Bit error rates (BERS) vary based on the
forward error correction (FEC) coding used at each data rate. FERs vary
based on BER and PPDU length. Note that for any station, PSNI will vary
only as a result of changing channel conditions or changing received

desired Ievel Note that for efficiency, all stat|onsreferably
R iy o

operate ; %F@ HEEERE Wh‘ﬁ

value ofmdtﬂd& <rhecipahiara: POSIRICERSSIAG. I(BQEbNo)

el oo B ARER) kexmBP%%%té%%%g/sbﬁﬁga e,

Eight u ifféy% er dB is selected {0 provi
eight- oit It ootk B ﬁ%#&ﬁ&m@ﬂﬁmw@gmmd

4.4c1B]wik gbm@wreﬁmaﬂmr datdrediesqinidmacilaumsod A0341P SNI
= 8*fOE{;&,@mq,§g§ hOBRMGH CEAE] ugtéﬂ@ %&3&1%8%@:11:3 reWI%rRi}Q/Ivélls an

SIN adjustment unique for each data rate/demodulation corbination.
DRM values are calculated in Table 1. CFy is a hardware-specific factor

used to%E&bunt foFigmp dritergeairsherian &SN eievBEE B88oder in the
station [@B3) = Ceﬁmm&aaabmasﬁua&'i&ﬁm%@%&%ﬁdﬁ SAEH: is

coing o oo Lt i e QBRI SRS Shie
listed in Tabie 1S WhER m@@@%&m%@mﬁmﬁ@
the foulidutanegénted stortimast RERE it 1¢QOIBARAlYT iy
to Inpuﬁﬁlm &a@%ﬁﬁ&ﬁﬁ%ﬁ%ﬁﬁé&' Qg %'éﬁ’\éﬁh antenna
[0037] /g&#e e Eb %ﬁ) N No * NBW (n0|se BW and
DR=1/11 u?‘lﬁ}ﬁ% lg\;lc u HJoweE ed signal, noise
BbN o*ﬁﬂ%@@%tﬁﬁ?@?ﬂm A S NRr- dBhad- (ofkracy is specified
NEW Eguatidbe (Se)40041) FarsD Rrke b Elté?ﬁl’&emﬁﬂge 26oMi® dBm to 0
[0042]M§ Nﬁ% }@(QQ% R@ﬁ%@cm&? is +/ Léﬁnggﬁgeg range,
equivalent to accuracy specified by TGH for the RPI Iustom. RCPI may be
used wherever RSSI is specified. The above makes the RCPI value highly
desirable and broadly applicable as a frame quality meagsurement useful for
all PHYs and STAs. It is noted that the use of the RCPI provides ease of
implementation with moderu manufacturers and paves the way for advanced
antenns designs.
[0023] 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
measuved over the PLCP preamble and over the entire received frame. RCPI
isa Amonotonica}ly increasing, logaﬁthmic function of the received power level
defined in dBm. The allowed values for the RCPI parameter are an eight (8)
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[0043]In general, [0044]SNR = EbNo - 13.44B DRMx, with DRMx from
Table 1. Equation (4) [0045]Therefore, 100461EbNo = SNR + 134c1B -
DRMxEquation (5a) [0047]and [0048]0EbNo = OSNIR + 13.4dB -
DRMxEquation (5b) [0049] Employing Equation 1, i.e.,PSNI = 890EbNo -
44dB + DRMx - CFA, and substituting for OEbNo, PSNI = 8*[(OSNIR +
13.4dB - DRMX) - 4.4dB + DRMXx - CFA, and PSNI = 890SNIR + 9.0dB -
CFA. Since 100501ISNIR = OSNER + TML + Cl,Equation (6)
[00511where TML is the modem implementation loss and Oils the sum of
all chanr}ml ﬁgalrments we have 00521PSNI 8*[(ISNIR TML CI) +9. OdB
- CFAEquatlo H60aRsR fan A IERIRRR

a direct A9EESH @éﬁ@b%mé@ Wﬁse"m&enng all channel |mpa|rments
and implementatiorpjosggsneagusgd, at the demodulator. PSNI is
specified with respegt outgu§ WhICh considers all implementation
losses including any F ecoder |mﬁ?ementat|on loss. Each station
measures PSNI us%g%"&’@?re&ﬁ@r?@%r 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 alll
stations is normalized and assumes a theoretical coding gain.
100541CFy = CGtheo - CGact = actual FEC decoder loss. Equation (8)
100551Reported PERiIRmstec-ribyve used to estimate OEbNo and
BER/FER (QO0S) fmzm%mpwwtlon for each data rate. [0056]0EbNo

= (PSNi@y4 4.4dB,; DPRMaEqu 00 73For data rates without an
EEC decoder, OEchngg usged%w ﬁag‘f%eeore AP EbReacarrE TRt

estimatS B EERHXe nateewirrisntbrd wisth aER2088N0 is used with
the thelitital FECHE phiocturvsdonRSiGite pistimater&hle NPt aldhbor

PN relatinnsiipier 58is.speclisdany o AYKGN,-lce s pLerier
of chaw é degrade OEbNo in the same way as
PSNI should bé &n a PP tiptarrsteRon latpe rad rerelmanéns.
processing to demodtﬂa‘be received symbols. Many internal demodulator
metrics are proportional to perceived SAN+I). Some examples inciude:
rhase shift keying (PSK): baseband phase fitter and received
error vector magnitude (EVM)
DDSSS: spreading code correlation gquality
OFDM: frequency tracking and channel tracking stability
{0026] Demodulator internal metrics are available on & frame-by-frame
basis. Derodulator metrics proportional to SAN +1)} 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/(N+Din a
controlled environment with additive white Gaussian noise (AWGN). Such
demeodulator internal metrics provide fast estimations of SAH+]) in both
interference environments and interference-fiee (noise only) environments, In
one poteniial implementation of IRR 802.11, called Task Group K of 802.11
(TGK), it is not necessary to specify which demodulator metries to use, but it
is only necessary to specify how the quaniized PSNI indicator relates to
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100581PHY-RXSTART.indication (physical layer-receive start indication)
[0059]This is an indication by the PHY to the local medium access control
(MAC) entity that the PLCP has received a valid start frame delimiter
(SFD) and PLOP Header. The primitive provides the following parameter:
PHY-RXSTART.indication (RXVECTOR): 100601 The RXVECTOR
represents a list of parameters that the PHY provides the local MAC
entity upon receipt of a valid PLOP Header or upon receipt of the last
PSDU data bit in the received frame. This vector contains both MAC and
MAC martagement PRIAMGICLS L iS-REmitive. is rated by the local
PHY entity;fo égﬂ%? ublg%er %i%,e%%%@ﬁ ﬁ%@%@%ﬁ%ﬁ?@@iy
the PLOP, header error ¢ 8¢ %‘ﬁ%ﬁ‘é}*%ﬁerr@ﬁm}aw gociGRa)ing
start of a'Hew PLOP Sr5rscorges erunit RRDEBMBheefeobabiacaitiohessy
this primithvernofiis:MST ipnnspecifies:, (HRGDRIY-RXE .Lndig%{gionise
10062) Thig:pimilive isahdrdication by the PITY to the loca éentit

that the %EB]U currently being received is complete The primitive provides
the following parametEr&BEv RRIEND RS shior ¢RYERRER measures
RXVEC PBRY: e RIGER ROR i i Ve aTs0aLCQRvRL PRE- QISHOTE, Of 163
followingwaines v Nek& ehoRasmaiiolation rierLost, or. ]
Unsu ppg{éggmvgﬂ% gumber g?%%.ror d%tl%%% m%rﬁagxél&u?lgﬁqéll} ‘tﬁgm i
PLOP'S receive state maching RAs detatted WHeh HiveafinstbetaRERd
preambfE ANE Eiet ArRENb Rstigles iritresifies fpararheterratiynad oy
each ofibiobe sfiret maniditian S fBRGSINBEHL! 18 ue ﬁ used,to .
indicatestimkne @@%@&%&%{9 #ﬁw&éqgnrecgﬁg ﬁg%less in t %ﬁ‘@iﬁf‘hzje
[00611RgpmeaViolation, This value is USEE 1o iqﬁ%%%’i‘e‘%ﬁ%’trﬁ‘f@%%mm
the receive Iﬁ"Bﬁ’%w PRl FEsIEE aiatt. PAN vahge ipasatido
indicatd e thiheptHenretibptiorafitbesngommERIDtoeol 4alR L BliRs o
(MPDUjatthenzaties Wasg@$tpad no further processing of the MPDU can

be accgipgijshed.[Q0e61WnsupportedRate. This value is used to indicate
thatdu%g}g he reception o?“%%gfﬁ%sn%iﬁ]ﬁaﬁ%&%wsﬁmmmg
rate WA OB (SCReHePIE e rRycy CENOR reirés tntdadighofiparameters

that theTlPred priveisifes theRomalMAGeRt URYLIR 8 B LA.Yalid PLOP

& range

Header-af: yppRtacoiptglihe jastEsDUY data bit in the received frame.
This vg&%gxo&lé%s boi?i MACﬁm%&@SIWEﬁT‘HﬁHMé@YTNS

primitive Is generaﬁéWWW@bW@ﬁiﬁpmmmﬁhﬁ
the rebBfTR Bt tnfiacnmrreiron dntpietotlstt - cRRIDP- WLk B WILAOM! of e
errorsi@helatiecttdeseiatiof tis-RHmNLNe.RY MIGIWMAG is unspecified.

[00681Regeive R bad over the entire received frame. PSNI is intended to be
used in & relative manner,

and it is a monotonically increasing, logarithmic
function of the observed S/AN. +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.

060291
given by:

Theoretical FECQ coding gain assumed in FER caleulations is

R= 1/2, 5.4dB gain
R=2/8, 4.7dRB gain



[0069]A first embodiment of a receive PLOP 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 msnagement 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 receive parameters such as RSSI, RCPL signal quality
(SQ), and indicated data rate are accessed via the PRY-service across
point (PHY-SAP), shown in Table 4. (00701Upon receiving the transmitted
energy, according to I@.e% %c CA mode, the physical layer medium -
energy de é%é@)n P ED) is enabled when the RSS! level crosses the
ED THR LD andfd Wﬁ?@fe ° SEEiPReD:s @S rshditabiadeasure
after code 75t ¥ s A5IhodeEhés 'H@ﬂﬁ:@EﬁeH&ﬁqﬂQm given
activity to ﬂa@Wu@ﬁﬁ%ﬂ&Q&MPﬁ%&% RS G indicate SY) IS

issued forjgngygy detgetion ( /or_.code Ioc gor 0 correct
reception of the PLOt'gl régrr%aém?% ‘ﬁ%}ﬁlﬁ?lﬁ? e e BEreniyneddioalifyet BER

(PMD_SJVaraPipiRssfdrdrbdnadd to update the RSSI and SQ
parametel&féportedTibing MAG HOOTLIANRERE - CRAINHUSAEIS) FrR for o

Eo Tees e S e e st e i
o |

SFD flelda@lf he gleld is detec

and the PLO %@ 59 $1°8 ekt e EE Rz T b SERWI B ERamd! PPDU
LENGTH s Xrie rhafontn THieiORBSNE frilmesghatks QONERRRABQRIS
processedyand mﬁm&a@rm&% %J%@u&%@lﬁg receiyer. {e&u@%}f
the RX I%E@%M%&he f CCA return to the 1DLE Statg™e that
during reception. prior.to comp tloeﬁao tREFAIERE e hisbedbimratrrpisivie
receiver r%%%?ns $3H08 22 preep el BIR GRS the PLOP Header

receptiof?R$8uccesshallfaing msm&mﬁ%&&em@és}@y 195980123 b'

and suppattedela-Ri: s issued. The
RXVECH, ciate Igé%?thls r|m|t|ve mcﬁé\ggs&&%)g)i’gﬂfﬁﬂuﬁéfdﬁﬁé&
SERVICE field, tlﬁqéaiyi\ﬁ &U%*{WBLWWeE@htmﬂmM&&eps}

(calcula&d %Wmmmﬂdﬁeddwﬁwmgﬁeﬁ@ﬁd@hmm@%;q
receive HRIsARTEdMA)R SBNPSM 0Bl S Q. 4ap). In general, for all
100731&’%@%@&%& RCPI) [0074]This prlmltlve IS {ﬁlé measu "of
the cha[bragapower receive ‘the ITSSS PRY measured at the antenna
connec nd is & éﬂgmf?e“ BB sEdtdrer CBrdvides themgerived)
channel%§&ber mdmmﬁmmmmmu}; hePrmilve jagludes
the follmwfngaﬂaaamgggrwgiyjpatg te RC he HOPI is a
measue,0f 4 an Wer re%g?\%dv%tsgr Irec %ﬂéﬁ@é@ﬁ%a@y B
spectrum PRY Dggé F—" SR asrerrbfonialmentationmeitoreREP|
value |ﬁ%‘i]&%§e%¥gﬁttbﬁ§téma |Eds) Glresoippadead: s PHRIVE JSer
generdesel By ther BM&)MQE%%%@&% PR isip thadegsive state. Itis
contlnw,_@é{ P WhICh in turn prowdesp ﬁseparameter
to the MAC entity, ThIS Earameter IS PR .d’éﬁ%“iﬁ’e%{%mgye%ﬂm
information oanfy erﬁawﬂ ¢onfienttiordyitFPShlIRQuation

measdr® ﬁ#ﬁé&@gﬁmmpmmmﬁgﬂzm RCPI [0076]The allowed
valuedtigssthe RCRI:patameten e from through 220 and is
a meqﬁwgepé%ggaPR S%I%E%e recg;é%gﬂ cghann S RESFiEna
connector. RCPI va ue indi aat’?&f%c’gfmght bits (221 Ievels) are supported.
PSNI is measured during the reception of the PLOP preamble and over
the entire received frame. The RCPI is me" cured in the same manner as
described above. 100771A second embodiment of a receive PLCP is
shown in Figure 6. In order to receive data, PHY-TXSTART.request is
disabled so that the PITY entity is in the receive state. Further, through
station management (via the PLME) the PITY is set to the appropriate
frequency. Other receive parameters, such as RSSI, RCPI, and indicated
data rate, are accessed via the PRY-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_RCPI.mdicate (RCPI). [0080]The
RCPI is a meesure of the channel power received by the DSSS PRY as
measured at the antenna connector. RCP' value indications of eight bits
(221 levels) are supported. This primitive is generated by the PMD when
the DSSS PRY is in the receive state. It is continuously available to the
PLOP, which, in turn, provides the parameter to the MAC entity. This
paramet provi (o] L erf I information only. The RCPI
may be §§ coi%#ctlgr?bmgtﬁ% eg?w% s} ml (BpismiyW) and
(0081]R A OP [0082]The receive procedures for receivers
configuré@dd receillshe mandatory and optional PLCPs, rates, and
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option, jhgletects eﬂh&r Ioarpplementary code keying COCK) or P

Modula‘{d 441 as indicated 1h the SIGNAL field, and reports the type of
modulation Used ifi the RRVMEC TGI8 BBNE3 vithd Wdaifor

CCA pfétedure, in which, upon receiving a PPDU, the receiver
distingisskss betvq%ﬁgg,llpng and short header format by the value of the
SFD. T@g celve tes.a long PLOP header using BPSK at 1
Mbit/s. The recelver d?amo UIAEE R ERGEBEOP header using GlsHics Ba)
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headelt®8letermibElie dotrmaie apddnogitation of the PSDUg 00840451,

third em@;yjirment OP IS S in Figure 7. In order tg
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PLM E%BMR@@&@@WWWEMQM tha,eCA method

chosemofithers resrive-pesRmeteidas U as RSSI, RCPI, SQ, ﬁ“d ton (6)
indica ﬂata rat ar cesaed via the PRY-SAP as described o

preV|ous * 10085]Upon receiihg et mRrmratr By 2ad it manef
selec ehﬁ’@@é‘%@m HERis enabled as the RSSI reaches the

ED_THRESHOLPENnd 1 Bk Sfiricenablegiafisrgode lockds, .

estabjigiagfl. Thegg. ¢ jare us dt lvity 1o the MAC V|a
PHYOICA |ﬂd| fa% ﬁ%%igéﬁnlgc;te% 8@%@%&%@% e or
code T06K B8t 1686+ %M%‘&?WMP‘E@P%WW@ RMD

primifRelsrP/BiSsRIIDeRESH, 2D JRGRLINE:. lsmeplﬁ%;sueﬂ@@vmﬁ

RS SleaR loanh SRR/ AMRIASIERN AR SO NGMAG 10080 Aer,
PRY&;M&%ca IS IS$ ued, the PITY entity begins searching 1o for the'BED

field. Once the Htme?cf nefitrpls RS Bt é‘;“éﬁtﬁ%fl’m@eﬂﬂﬁd
the PROPISRINeIG %W@mmwmgmmwdfm

CRCYEE B@@its. phosasassh Hiba.CRGINRES ﬁ@ﬁ@%@%

receey LMo BB Halk slate ] the stajus of CC returns to the
IDLE, state.dyrin reltélcggeptlon p%?%)r to comp htl 18R B PIE RS respess anes &

processmg f&eiver returns to the RX IDLE state. 10087)If the
PLOP header reception is surragsful (and the SIGNAL field is completely
recognizable and supported), a PHY-RX&TART.indicate (RXVECTOR) is
issued. The RXVECTOR 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 LONGPREAMBI Y.); and the antenna used for
receive

<- «I




(RX_ANTENNA), RSSI, RCPI, and SQ. (0088]PMD_PSNl.indicate
10089]following parameter: This primitive is generated by the PMD when
the High Rate PITY is in -14- the receive state. It is continuously available
to the PLC?, which, in turn, provides the parameter to the MAC entity.
This parameter is provided to the PLC? layer for information only. The
RCPI may be used in conjunction with PSNI to measure input signal
guality. The RCP' is measured as described above. Table 1. PSNI
Accuracy and Range Data Rate (Mbit/s) Mode DSSS 2 DSSS 5.5
HRDSSS 5.5 HRDSSS
16054} Cly = OGtheo - CGact = actual FEC decoder loss, Equation (8)
0055] Reported PSNI value may be used to estimate OEbNo and BER/FER
(QOB) for the reporting station for each dats rate.
[0056] OEbNo = (PSNI/8) + 4.4dB - DRMx Equation (9)
f0057] For data rates without an FEC decoder, OEbNo is used with the
theoretical PSK EbNo curve to estimate BER. For data rates with an FREC
decoder, OEbNo is used with the theoretical FEC EbNo curve for PSK to
estimate BER. Note that the PSNI relationship to BER is specified only for
AWGN - Since the net effect of channel impairments is to degrade OEBNo in
the same way as AWGN, PSNI should be an adequate estimator of BER in all

channel conditions.

H058] PHY-RXSTART indication (physical layer-receive start
indication) :

{0059 This is an indication by the PHY to the local medium access
control (MAC) entity that the PLOP has received a valid starf frame delimiter
(SFD) and PLCP Header. The primitive provides the following parameter:
PHY-RXSTART.indication (RXVECTORY); |

{0060} The RXVECTOR represents a list of parameters that the PEY
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 veetor 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 PLCP header error check (HEC) cyclie 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.

{6061} PHY-RXEND.indication

{0062} This primitive is an indication by the PHY to the local MAC

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

-9-



6 OFDM 9 OFDM 11 13:RDSSS 11 HRDSSS 12 OFDM 18 OFDM 24
OFDM 36 OFDM 48 OFDM

RXVECTOR). The REERROR parameter can convey one or more of the
following values: NoError, FormatViolation, CarrierLost, or
UnsupporiedRate. A number of error conditions may eceur after the PLCPs
receive state machine has detected what appears to be a valid preainble and
SFD. The following describes the parameter returned for each of those error
conditions.

{0063] NeoError, This value is used to indicate that no error cecurred
during the receive process in the PLCP,

{0064} FormatViolation. This valve is used to indicate that the format
of the received PPDU was in error.

[0665) CarrierLost. This value is used to indicate that during the
reception of the incoming protocol data unit (MPDU), the carrier was lost and
no further processing of the MPDU can be accomplished.

[0056] UnsupportedBate. This value is used to indicate that during the
reception of the incoming PPDU, a nonsupported 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 contains
both MAC and MAC management parameters. This primitive is generated by
the PHY for the local MAC entity to indicate that the receive state machine
has completed & reception with or without errors. The effect of receipt of this

primitive by the MAC is unspecified.

f0068] 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
Fhysical Layer Management Entity (PLME), the PHY is set to the appropriate
channel and the Clear Channel Assessment (CCA) method is chosen. Other
receive parameters such as RSSY, ROPI, signal quality (5Q), and indicated

w1l



0.2 54 OFDM 4 1250 10% 0.2% 2 3 8 Table 2: Datq Rate/Modulation
(DRM) Adjustments Data rata (Mbps) Mode M_odulatl_o n FEC code rate
Coded rate (Mbps) Data rate adj. (db) Modulatio n adj. (db) DRM: Total

SIN adj.(db)

data rate are accessed via the PHY-service access point (PHV-SAP), shown in
Table 4,

{60703 Upon receiving the transmitted energy, according o the selected
CCA mode, the physical laver medium - energy defection (PMID}_ED) is
enabled when the RSSI level crosses the ED_THRESHOLD and/or
PMD_Carrier_Sense (PMD_CS) is enabled after code lock is established.
These conditions are used to indicate activity to the MAC via
PHY-CCA.indicate. PHY-CCA.indicate (BUSY) is issued for energy detection
{ED) and/or code lock prior to correct reception of the PLCP frame. The PMD
primitives PMD - signal quality (PMD_SQ) and PMD_RSSI are issued to
update the RSSI and 8Q parameters reported to the MAC. .

{0071} After PHY-CCA.indicate is issued, the PHY entity begins
searching for the Start of Frame Delimiter SFD field. Once the SFD feld is
detected, CRC-16 processing is initiated and the PLCP IEER 802.11 SIGNAL,
IEEE 802.11 SERVICE and LENGTH fields are received. The CRC-16 frame
check sequence (FCS) is processed, and if the CRC-16 FCS check fails, the
PHY recejver refurns to the RX IDLE state. Should the status of CCA return
to the IDLE state during reception prior to completion of the full PLCP
processing, the PHY receiver returns to the RX IDLE state,

[0072] I the PLCP Header reception is successful (and the SIGNAT,
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.

{0078} PMD_RCPLindicate (RCPY).

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

13-



1 DSSS BPSK none (SF=11) 00 2 DSSS QPSK none (SF=11) 230 3
5.5 DSSS llb QPSK none (SF=16) 5.5 7.4 0

MAC. The primitive includes the following parameter: PMD_RCPLindicate
(RCPD). The RCPI is a measure of the channel power received by the direct
sequence spread spectrum PHY (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 when the DSSS PHY is in the receive
state. It is continuously available to the PLCP, which, in turn, provides the
parameter to the MAC entity. This parameter is provided to the PLCP layer
for information only. The RCPI may be used in eonjunction with PSNI to

measure input signal guality,

{0075] RXVECTOR RCOPI
[6076] The allowed values for the RCPI parameter ave in the range from

G through 220 and is 2 measure by the PHY of the received chanmel power al
the antenna connector, RCPI value indications of eight bits (221 levels) are
supported. PSNI is measured during the reception of the PLCP preamble and
over the entire received frame. The RCPY 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, RCPL, and indicated data rate, are accessed via the

PHY-SAP as previously described.
{0078} PMD_RCPlLindicate
[0079] This primitive, generated by the PMD sublayer, provides the

received channel power indicator to the PLOP and MAC entity and provides
the following parameter: PMD_RCPLindicate (RCPD.

[6080] The RCPI is a mensure of the channel power received by the
DSS8 PHY as measured at the antenna connector. RCPI value indications of
eight bits (221 levels) are supported. This primitive is generated by the PMD

-12-



7.45.5DSSS IIb QPSK 1/2 (SF=2) 11 7.407.4 6 OFD BPSK 127.78 0
7.78 9 OFD BPSK 12 9.54

when the DSBS PHY is in the receive state. It is continuousiy available to the
PLCP, which, in turn, provides the parameter o the MAG entity. This
parameter is provided to the PLCP layer for information only. The RCPI may
be used in conjunction with PSNI to measure input signal qoality,

foo81] Receive PLCP

[0082] The receive procedures for recsivers configured to receive the
mandatory and optional PLCPs, rates, and modulations sre deseribed herein.
A receiver that supports this High Rate extension of the standard is capable of
receiving 5.5 Mbit/s and 11 Mbit/s, in addition to 1 Mbit/s and 2 Mbit/s. If the
PHY implements the Short Preamble option, it detects both Shert and Yong
Preamble formats and indicates which type of preamble was received in the
RXVECTOR. If the PHY implements the packet binary convolution code
(PBCC) Modulation option, it detects either complementary code keying (CCK)
or PBCC Modulations, as indicated in the SIGNAL field, and reports the type
of modulation used in the RXVECTOR.,

[0083] 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 I Mbit/s. The receiver demodulates a short PLCP
header using QPSK at 2 Mbit/s. The receiver uses the SIGNAL snd SERVICE
fields of the PLCP header to determine the data rate and modulation of the
PSDU.

0084} A third embodiment of a receive PLCP is shown in Figure 7. In
order to receive data, the PHY-TXSTART request is disabled so that the PHY
entily 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, 5Q, and indicated
deta rate, are accessed via the PHY-SAP as described previously.

10085} Upon receiving the transmitted energy, according to the selected
CCA mode, the PMD_ED is enabled as the RSSI reaches the
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09.54 11 DSSS lib QPSK 1/2 (SF=1) 11 10.41 0 10.41 11 DSSS lib
QPSK none (SF-=8) 11 10.41 0 10.41 12 OFD QPSK 1/2 24

ED_THRESHOLD, and/or PMD_CS is enabled after code lock is establiched.
These conditions are used to indicate activity to the MAC vis PHY-
UCA.indicate. PHY-CCA indicate (BUSY) is issued for ED and/or code lock
prior to correct reception of the PLCP header. The PMD primitives, PMD_SQ,
PMD_RSSI, PMD_RCPI, are issued to update the RSSY, RCPI, and S
parameters reported to the MAC.

[0086] After PHY-CCA.indicate is issued, the PHY entity begins
searching for the SFD field. Once the SED field is detected, CRC-16 processing
is initiated and the PLCP SIGNAL, SERVICE, and LENGTH fields are
received. The CRC-16 FCS is processed. If the CRC-16 FCS check fails, the
PHY receiver returns to the RX IDLE state. If the status of CCA returns to
the IDLE state during reception prior to completion of the full PLCP
processing, the PHY receiver returns to the RX IDLE state.

0087} If the PLCP header reception is successfisl (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 PSDU tength 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 LON GPREAMBLEY); and the antenna used for receive
(RX_ANTENNA), RSSI, RCPI, and SQ.

f0088] PMD_PSNLindicate

[0089) following parameter:

Parameter | Associated primitive Value Description

RCPI PMD_RCPLindicate | 8 bits of RCPI | The RCPI is a measure of
the antenma conmector
channel power received by
the High Rate PHY, as
defined above in paragraph
{co2s].

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




10.79 0 10.79 18 OFD QPSK 3/4 24 12.55 0 12.55 22 DSSS llg 8PSK 2/3
(SF=1) 33 13.42 0 13.42 24 Obal 16-QAM 34

the receive state. Ii is continnously available to the PLCP, which, in turn,
provides the parameter to the MAC entity. This parameter is provided o the
PLCP layer for information only. The RCPT msy be used in conjunction with
PSNI o measure input signal quality. The RCPY is measured as described

above,

315



Teble 1. PSNT Accwracy and Ranpe

48 13.8 3$8 17.78 33 DSSS hg 8PSK 2/3 (SF=1) 49.5 15.19 0 15.19 -18-
36 OFD 16-QAM 48 15.56 3.98 19.54 48

PPDU
Dats Rate Length
(Mbit/s) |Mode |FECRate |(bytes) FER PSNI
i DSS5~ |neFBC | 125 10% = 3228
0.9%
3 D888 |noFEC | 1250 10% = 66+ 8
0.2%
5.5 HRDSSS |no FEC | 1250 10% + 101=8
0.2%
5.5 HRDSSS |72 1250 10% = 58+ 8
0.2%
6 OFDM |12 1250 10% = 61%8
0.2%
9 OFDM | 8/4 1250 10% = 83z8
0.2%
11 HRDSSS |noFEC | 1250 10% 2 125 = 8
0.2%
11 HRDS3S | 172 1250 10% = 8228
0.2%
12 OFDM |12 1250 10% + 85+ 8
| 0.2%
18 OFDM | 54 1260 10% = 1072 8
0.2%
24 OFDM |12 1950 10% = 14148
0.2%
36 OFDM | 3/ 1250 10% = 1638
0.9%
48 OFDM | 273 1250 10% « 206 % 8
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OFD 64-QAM 2/3 72 16.81 8.45 25.26 54 OFD 64-QAM 4.4 72 17.32 8.45
25.77 Table 3. Data Rate (Mbps)/FEC Eb/No (R) BER PPM/ Length FER
5.5 (none)

6.2%

54 OFDM 34 1250 % 2138
0.2%
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9.6 1.00E-05 1250 1.00E-01 5.5 (R=112) 9.6 1.25E-13 1250 1.00E-09

6(R=112) 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

Table 2: Data Rate/Modulation (DRM) Adjustments

Data FEC Coded | Date DRM:
rate Modulatio | code rate rate adj. | Modulatio | Total S/N
(Mbps} | Mode in rate {kbps) | {(db) n adj. (db) | adj.(db)
1 DSSS | BPSK none 4 0 0 0
{SF=11)
2 DSSE | @PSK none 2 3 1] 3
(8F=11)
55 B85S | QPSK none 5.5 7.4 0 7.4
iib {(SF=16}
5.5 DSSS | QPSK 1/2 11 74 0 7.4
11b (SF=2)
6 OFD | BPSK % 12 7.78 0 7.78
M
9 OFD | BPSK % 12 9.54 0 §.54
M
13 DSSS 1 QPSK 12 ‘ i1 10.41 1) 1043
1ib (8F=1)
11 DSSS | QPSK noge i1 1041 0 10.41
11b (5F=8)
12 OFD [QPSK % 24 10.79 0 10.79
M
18 OFD {QPSK % 24 12.65 0 12.55
M
22 DSSS | 8PSK 2/8 33 13.42 0 13.42
iig (SF=1)
24 OFD |[16-QAM | % 48 13.8 3.98 17.78
M
a3 DSSs | 8PSK 23 48.5 15,19 0 15.19
lig (SF=1)
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1.00E-01 11 (R=1/2) 6.6 2.00E-09 12 2.00E-05 12 (R=1/2) 6.2 2.00E-08
1250 2.00E-04 18 (R=3/4) 4.4 1.40E-04 10 1.10E-02 Table 4. PHY-SAP
Parameter Associated primitive

sex-vice primitive parameters

36 OFD | 16-QAM % 48 15.56 3.98 19.54
M

48 OFD |64-QAM | 2/8 72 i6.81 8.45 25.26
M

54 OFD | 64-QAM |% 72 17.82 8.45 25.77
M

Table 3.

Data Rate Eb/No PPDU

(MbpsyYFEC (dR) BER Length FER

5.5 (none) 9.6 1.00E-05 | 1250 1.00E-01

6.5 (R=1/2) 9.6 1.25E-18 [ 1250 1.00E-09

6 (R=1/2) 9.2 1.25E-12 | 1250 1.00E-08

9 (R=3/4} 1.5 6.00E-09 | 1250 4.80E-05

11 {none) 6.6 1.25B-03 |10 1.00E-01

11 (B=1/2} 6.6 200809 12 2.00E-05

12 (R=1/2) 6.2 2.00E-08 | 1250 2.60E-04

18 (R=3/4) 4.4 140E-04 |10 1.10E-0G2




Value DATA PHY-DATA.request PHY-DATA.indication Octet value
X'00'-XFF' TXVECTOR PHY-TXSTART.request A set of parameters

Table 4. PHY-SAP service primitive parameters

Parsmeter Associated primitive Value
DATA PHY-DATA request Octet value X'00-3FF
PHY-DATA indication

TXVECTOR PHY-TXSTART request A sebof parameters

STATUS PHY-CCA indication BUSY, IDLE

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

RXERROR PHY-RXEND.indication | NoError, FormatViolation,

Carrier-Lost, UnsupporiedRate

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

Parameter Associated primitive | Value

LENGTH REVECTOR, 0 to 2E18-1
TEVECTOR

DATARATE RXVECTOR, 1,2 Mbitfs
TXVECTOR

SERVICE RXVECTOR, 1,2 Mbit/s
TEVECTOR

TXPWR_LEVEL TXVECTOR 1,2 Mbit/s

TX_ANTENNA TXVECTOR 1,2 Mbit/s

RSSI RXVECTOR 1,2 Mbi¥/s

RCPI RXVECTOR 1,2 Mbit/s

SQ RXVECTOR 1,2 Mhbit/s

RX_ANTENNA RXVECTOR 1,2 Mbit/s
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STATUS PHY-CCAindication BUSY, IDLE RXVECTOR
PHY-RXSTART.indication PHY-RXEND.indication A set of parameters

RXERROR PHY-RXEND.mdication NoError,FormatViolation,

Table 6. PMD_SAY sublayer-to-sublayer service primitives

Primitive Bequest | Indicate | Confirm: | Besponse

PMID_TXSTART X — -

PMD_TXEND

PMD_ANTSEL

PMD_TXPWRLEVL

Al | o] B
i

PMD _RATE

PMD_RSSI

PMD_RCPT

PMD_SQ

PMD_CS

PO P M P M| e
!
i

PMD_ED X
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Carrier-Lost, UnsupportedRate

Table 5. PMD_SAP peer-to-peer

service primitive parameters Table 6. PMD_SAP sublayer-to-sublayer
service primitives Table 8. RXVECTOR parameters
ParameterAssociated primitiveValue

Table 7. PMD SAP service primitive parameters

Associated
Parameter Primitive Value
DATA PHY-DATA request Octet value: X060 XFF
PHY-DATA indicate
TEVECTOR FPHY-DATA request A zel of parsmeters
REXVECTOR PHY-DATA.indicate A set of parametors
TX_UNIT PMD-DATA request 1,0: DBPSK
dibit combinations
00,01,11,10: DQPSK
RX UNIT PMD-DATA indicale 1,0: DBPSY
dibit combinations
00,01,11,10: DQPSK
RF_STATE PMD_TXE.request Receive, Transmit
ANT _STATE PMD- 1to 256
ANTSEL.indicate
PMD-ANTSEL.request
TAPWR_LEVEL PHY-TXSTART 6,1,2,3 {max of 4 levels)
RATE PMD-RATE.indicate | X’0A’ for 1 Mbit/s
PMD-RATE.request | CBPSK
X114’ for Z Mbit/s
DQPSK
RSSI PMD-RSS1indicate 0-8 bits of RSSI
RCPI PMD-RCPLindicate 8 bits of RCPI
5Q PMD-5Q.indicate 0-8 bits of SQ
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LENGTH PHY-RXSTART.indicate Oth 4095
RSSIPHY-RXSTART.indicate 0 to RSSI maximum (RXVECTOR)

RCPIIPHY-RXSTART.indicate 0 to 255 (RXVECTOR)
PHY-RXEND.indicate (EXVECTOR) DATARAIEPHY-RXSTART.request
6,9, 12, 18, 24, 36, (R/VECTOR)48, 54 SERVICEPHY-RXSTART.request

Null (EXVECTOM Table 9. PMD_SAP sublayer-to-sublayer service
primitives Table 10. List of parameters for the PMD primitives Table 11.

Parameter vectors Parameter

Table 8, RXVECTOR parameters

. Parameter Associated primitive Value
LENGTH PHY-RXSTART.indicate |0 to 4005
RSSK PHY-RXSTART.indicate |0 to RSSY maximum
{(RXVECTOR)
RCPII PHY-RXSTART indicate | 0to 255
' (REVECTOR)
PHY-RXEND . indicate
{(RXVECTOR)
DATARATE PHY-RXSTART .request |6, 9, 12, 18, 24, 36,
(RXVECTOR) 48, 54
SERVICE PHY-RESTART .request | Null
{(RXVECTOR)
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Associated vector DATARATE RXVECTOR, TXVECTOR LENGTH
RXVECTOR, TXVECTOR The preamble used for the trancmicsion of
this PPDU. This is an enumerated type that can take the value
SHORTPREAMBIR or LONGPREAMBLE. The modulation used for the
transinicsion of this PSDU. This is an integer where 0 means CCK and 1

means PBCC. RX_ANTENNA

Table 9, PMD_SAP sublayer-to-sublayer service primitives
Primitive Reguest Indicate | Confirm | Response

PMD TXSTART X - - -

PMD_TXEND pid
PMD_TXPWRLEVL | X - - -
PMD RATE b4

PMD_RSSI - p4 - -

PMD_RCPI - X - -

Table 10. List of parameters for the PMD primitives

Parameter Associated primitive | Value

T2 _UNIT PMD-DATA.request | One(1), Zero(0): one
OFDM symbol value

RXD UNIT PMD-DATA. indicate | One(1), Zero(0): one
OFDM symbel 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

RCPE PMD-RECPLindicate | 8 bits of RCPI
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RXVECPOR The antenna used for receive.

of RCPI

RCPI RXVECTOR 8 bits
SQ RXVECTOR 0-8 bits of SQ Table 12. PMD_SAP

sublayer-to-sublayer service primitives Primitive Request Indicate Confirm

Table 11. Parameter vectors

Parameter Asseciated vector Value
DATARATE RXVECTOR, The rate used to transmit
TXVECTOR the PSDU in Mbit/s.
LENGTH RXVECTOCR, The Iength of the PSDU in
TXVECTOR octets.
PREAMBLE_TYP | RXVECTOR, The preamble used for the
E TEVECTOR transmission of this
' FPDU. This is an
enwmerated type that can
take the value
SHORTPREAMBLE or
LONGPREAMBLE.
MODULATION RXVECTOR, The modulation used for
TYVRECOTOR the {ransmission of this
PSDU. This is an integer
where 0 means CCK and 1
means PRCC.,
R¥_ANTENNA REXVECTOR The antenna used for
receive,
RSSI RXVECTOR 0-8 bits of RSSI
RCPI RXVECTOR 8 bits of RCPIL
5Q RXVECTOR 0-8 bits of SQ
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Response PMD_TXSTART X PMD_TXEND PMD_PSNI X
PMD_TXPVVRLVL X PMD_MODULATION X

Table 12. PMD_SAF sublayer-to-sublayer service primitives

Privaitive Reguest | Indicate | Comfirm | Response
PMD TXSTART X - - -
PMD_TXEND X - - -
PMID_PSNI - X - -
PMD_TXPWRLVL X - -~ -
PMO_MODULATION | X X - -
PMD_PREAMBLE X P4 - -
PMID_RATE X X - -
PMD _RSSI - X - -
PMD_RCPI - X - -
PMD_S@Q X - —
PMD_CS X - -
PMD ED X X - -
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X PMD_PREAMBLE X X _a PMD_RATE X PMD_RSSI X
PMD_RCPl a_

What is claimed is:

I. A method for determining a received channel power indicator (RCPI) in a
wireless transmit/receive unit (WTRU), the method comprising:

measuring a radio frequency power of a received signal,

determining an n-bit RCPI parameter from the measured radio frequency power,
wherein the RCPI parameter is determined using a monotonically increasing logarithmic
function, wherein n is a positive integer; and

transmitting the determined n-bit RCPI parameter.

2. The method of claim 1 wherein the radio frequency power of the received

stgnal is measured at an anienna connector.

3. The method of claim 1 wherein the radio frequency power of the received

signal is measured by a physical (PHY) sublayer.

4. The method of claim 3 wherein a direct sequence spread spectrum (BSSS)

PHY sublayer is used as the PHY sublayer.

]

5. The method of claim 3 wherein an orthogonal frequency division

multiplex (OFDM) PHY sublaver is used as the PHY sublaver.

6. "The method of claim 1 wherein the measured radio frequency power of the

received signal is defined in dBm.

7. The method of claim 1 wherein the n-hit RCPI parameter is an 8 hit RCPI

parameter.
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PIVID_SQ X PMD_CS X PMD_ED X Whatis claimed is: 1.A
method for determining a received channel power indicator (RCPI) in a
wireless transmit/receive unit (WTRU), the method comprising: measuring
a radio frequency power of a received signal, determining an n-bit
RCPI parameter from the measured radio frequency power, wherein the
RCP! parameter is determined using a monotonically increasing
logarithmic function, wherein n is a positive integer; and transmitting the
determined n-bit RCP | parameter. 2. The method of claim | wherein
the radio frequency power of the received signal is measured at an

antenna connector. 3. The method of claim | wherein the radio
frequ%’ncy pggmeg{}of thée Orr:gewe signal |slme§§gr}%g£y a physical (PHY).

etho faim 1 wherein the n arameter 1s etemzmed as
sublayer. P

a scalar value in a range of 0 through 220.

9. The method of claim 6 wherein the measured radio frequency power of the

received signal is rounded to a nearest 0.5 dB.

10. The method of claim 8§ wherein the range used for the scalar value
includes a O scalar value that corresponds to a power less than -110 dBm and a 220 scalar

value that corresponds to a power greater than -0 dBm.

il. The method of claim 6 wherein the measured radio frequency power of the

received signal is measured to an accuracy of +/- 5 dB.

12. A wireless transmit/receive unit { WTRLU) comprising:
a processor configured to:
measure a radio frequency power of a received signal;
determine an n-bit received channel power indicator (RCPI) parameter
from the measured radio frequency power, wherein the RCPI parameter is determined
using a monotonically increasing logarithmic function, wherein n 1s a positive integer;
and

a transmitter configured to transmit the determined n-bit RCPI parameter.

13. The WTRU of elaim 12 wherein the radio frequency power of the received

signal is measured at an antenna connector.

14. The WTRU of claim 12 wherein the radio frequency power of the received

signal is measured by a physical (PHY) sublayer.
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4. The method of claim 3 wherein a direct sequence spread spectrum
(DSSS) PHY sublayer is used as the PHY sublayer. 5. The method of
claim 3 wherein an orthogonal frequency division multiplex (OFDM) PHY
sublayer is used as the PHY sublayer. 6. The method of claim |
wherein the measured radio frequency power of the received signal is
defined in dBm. 7. The method of claim | wherein the n-bit RCPI
parameter is an 8 bit RCPI parameter. 8. The method of claim |
wherein the n-bit RCP! parameter is determined as a scalar value in a
range of 0 through 220. 9. The method of claim 6 wherein the
measured radio frequency power of the received signal is rounded to a
nearest 0.5 dB. 10. The method of claim 8 wherein the ra e used for
the Sealar valt HOTSHeS & B Beeli VAU S G oapBHAL S o githey suence
sgesd thaa il QB drda2B0: sealar value that corresponds to a power
greater than -0 dBm. The method of claim 6 wherein the measured
radio frequency power of the received signal is measured to an accuracy
of +/-15.dB. The WTRAWvisélessitransmibkreceiveeu il TAVSTRI) ccom prisimgh@onal
S N uency power of a received
hgligr%a%f% dtvisich eter%]l%e@n 'ﬁrg(?:l%ledgfh%nnel power indicator (RCP")
parameter from the measured radio frequency power, wherein the RCP1
parameter iggletgrrpined;using 3 Monglaniaally.InaResipA IOAHNING power of
function, wherein n is a positive integer; and a transmitter configured'to
“1€r$£ﬁ§ﬁf’iﬁqﬁé:’ﬂfét@rﬁ9iffﬁ@féﬁhﬂlﬂ3ﬂ’CPl parameter. 13. The WTRU of
claim 12 wherein the radio frequency power of the received signal is
measured at an antenna, connector, 14. The VVTRU of clai
wherdfh the ragi Ui Bolret e %@.@@&Qbmﬂ@m@w@aﬂ Byt REPI
padaptiysical (PHY) sublayer. 15. The WTRU of claim 14 wherein the
PHY sublayer is a direct sequence spread spectrum (DSSS) PHY
sublayer. 16. The WTRU of claim 14 wherein the PHY sublayer is an
orthotfonal fragquerai divisidm mulipiéx (@FDMh PR WRSUblayemmeter 17 a scalar
v I‘ﬁ‘e TRU oficéatm 12 vp%reln the measured radio frequency power of

EEVE signal is ‘'defined in dBm.

20. The WTRU of claim 17 wherein the measured radio frequency power of

the received signal is rounded to a nearest 0.5 dB.
21, The WTRU of claim 20 wherein the range used for the scalar value
includes a O scalar value that corresponds to a power less than -110 dB and a 220 scalar

value that corresponds to a power greater than -0 dB.

22. The WTRU of claim 7 wherein the measured radio frequency power of

the received signal is measured to an accuracy of /- 5 dB.

23. The method of claim 1, wherein the radio frequency power of the received

signal is measured over an entire frame.
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18. The WTRtJ of claim 12 wherein the n-bit Rem parameter is an 8 bit

RCP1 parameter. 19. The WTRU of claim 12 wherein the n-bit RCP]

parameter is a scalar value in a range of 0 through 220. 20. The

WTRU of claim 17 wherein the measured radio frequency power of the

received signal is rounded to a nearest 0.5 dB. 21. The WTRU of

claim 20 wherein the range used for the scalar value includes a 0 scalar

value that corresponds to a power less than -110 dB and a 220 scalar

value that corresponds to a power greater than -0 dB. 22. The WTRU

of claim 17 wherein the measured radio frequency power of the received

signal is measured to an accuracy of +/- 5 dB. 23. The method of

claim |, wherein the radio frequency power of the received signal i )

meastired oVBF dRERIe fralfid! id ‘éfii?FFH‘e Wf‘ét’*i‘%a‘eo;‘l"@l‘é?ﬁn*’é‘é‘f%s\?ﬁé“rerfﬁys‘ca‘
Likerentire:-frame incladels alRIMsiealrhigger Convergence Protocol (PLC P)

preamble. 25. The WIRU of claim 12, wherein the received radio

frequency power of the received signal is measured over an entire frame.

26. The WTR of Clalid?5; sunet@inthe@ntite fresmedd clutleSragRbysicabwer of
-ayer. anver%ence Pro_tocf:ol PLC‘P)i %r%mgle.

CEIVEU S1gnal 15 medsurcd Over dan ¢n

26.  The WTRU of claim 25, wherein the entire frame includes a Physical

Layer Convergence Protocol (PLCP) preamble.



