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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] A receiver analyses a signal in order to obtain a received channel

power indicator (RCPI) value. 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 received
RF power in the channel measured over the physical layer convergence

protocol (PLCP) preamble and over the entire received frame. RCPl is a
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radio frequency (RF) power in the sel ected channel,
nmeasured at the antenna connector. This paraneter is
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0017] A received channel power indicator (RCPI) disclosed herein

provi des a’ quanti zed,

provides a quantized, objective input power measure (S+N+I), wherein S is the
signal power, N is the noise power, and I 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/(N+1))
ratio in the demodulator. The PSNI provides a quantized, comparative
measure of received signal quality [observed 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 13, 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,

9



nmeasure of received signal quality [observed S/ (N+l)]
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vary widely from station to station, and the S/(N+1) measurement cannot be

used comparatively between stations 31-33 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.

[0020] 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 channel
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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determine FER at E (Figure 1). The signal is neasured

at the sane subjective SNR for the different stations
wG@2e0@382388t hough an accurate S/ (N+l) neasur enBar/US200A007640
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38105 e TR0 R g, e
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ORI TS R A A TEC M—
&P@Jsachle RELIHBRY P rahge.t MBe REEROIEAHAINALE ROMEN 10 @B to 0
dB?I]?llvglfh 2 units per dB. RCPI accuracy is +/- 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 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

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)



[00211 Figure 4 is a graph showi ng PSNI val ue versus
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range. ThHz FaweRGPILOPEdEIm range from-110 dBmto O
dBmwi th 2 units per dB. RCPlI accuracy is +/- 5dB
across the defined range, equivalent to accuracy
specified by TGH for the RPI histogram RCPlI nmay be
used wherever RSSI is specified. The above makes the
RCPI val ue highly desirable and broadly applicable as
a frame N a nt useful for all PHYs and
STAs. Itqggigg%gggiﬁg?ﬁﬁﬁe use of the RCPI provides
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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 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/(N+I) in a
controlled environment with additive white Gaussian noise (AWGN). Such
demodulator internal metrics provide fast estimations of S/(N+I) 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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0: Power < -110 dBm 1: Power = -109.5 dBm 2: Power =

-109.0 dBm 220: Power > -0 dBm 221-255: reserved
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measurenent assumes a receiver noi se equival ent

bandw dth of 22 MHz. [0025] The perceived signal to
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BERRL, e bRt TR SRR IO S8 s
?@@ﬁlgn&lrcﬁfaiﬁtﬁ @0 ShtRIDh PISINI. H&@Eﬁ]ep%ﬁ@d likatR8SI: an eight-bit
nal netrics are available on a frape a
Imsg@d WD APRALERICHRBY FIEeASIRS Fahy %%%Sl%%%ﬂ (HEJ+ EgN&rl%
1%@1%@1@10511@&%&1%& tqdﬁébﬁewE bAse T PR IRAUAIRE alREEy 'B@FER

mnth respect to actual FER
mefdarameacA RENbhoopuavelue is spedfedipeackidatairae using FER

]ggéﬁeszg d S/ '{}gjc@bszg} &ﬂ rf?}?iic% | e%@f&dr T pomWs Ic(bquantlze

adfﬁi%w ﬁfthdicQEcﬁrswe 4t fhecxen@é orisleet. aAEcLﬁ‘ét:y Uﬁthed]’SNI in
of S/(N+l) in bot i nterference environnents an

AVIGN frospsnifisdrtode +(/n b8 dorgl ¥ Reprimiso et ganaenspaaﬁ ghe
%v?vtel(~e @E IQ@ o?drggé %W t?;%éé%]ng aﬁ?@oiﬁ%}ta\l %Ié é;g ggﬂgr?gngMS at
@ﬂe&aﬁxfhhndhmdﬁmMBpkator netrics to use, but |t is
%ﬁlg%]c gte gfﬁg ﬁ%{[@gmag:ea or I ahxggvagqu ogﬁenfzer%&greg post -processing
signal-to-noise-plus-interference (S/(N+1I)) ratio in the demodulator. The
allowed values for the PSNI parameter are an eight (8) bit value in the range
from 0 through 255 (decimal). 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 processing metrics 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 calculations is
given by:

R =1/2, 5.4dB gain

R =2/3, 4.7dB gain
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[0034] PSNI = 8*[OEbNo - 4.4dB + DRMx - CFy] Equation (1)
[0035] where DEMzx 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 represents
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
1 is the foundation of the PSNI measurement.

[0036] Analyzing PSNI in relation to input signal to noise plus

interference ratio (ISNIR) as follows:



function of the observed S/(N+l). PSN accuracy and

range are specified in additive white Gaussi an noi se
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in Table 1. [0029] Theoretical FEC coding gain assuned

in FER calculations is given by: R = 1/2, 5.4dB gain

2/ 3, dB gain -6 2 8230 .
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[pe3d/ nDduSNle—g—% AELNo s BR/NBVOf f sdiqusiikn (2)
curves are as H%pN@t d - e 2. [0032] Table 3

édmgﬁ thehm& UBSRAbEBNBAdDRANBW No, BER and REfudtfm (3a)
SNI = 101. Bit error rates &BER%Z? vary based on

[00ELlf or waFer BRrol MbitiseadiNBW € 22 odi ng used at
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@ the highest data rate possible while maintaining
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[0049] Employing Equation 1, i.e.,PSNI = 8*[OEbNo - 4.4dB + DRMx -
CFyl, and substituting for OEbNo, PSNI = 8*[(OSNIR + 13.4dB - DRMx) - 4.4dB
+ DRMzx - CFy], and PSNI = 8*[OSNIR + 9.0dB - CFy]. Since

[0050] ISNIR = OSNIR + TML + CI, Equation (6)

[0051] where TML is the modem implementation loss and CI is the sum of

4

all channel impairments, we have

[0052] PSNI = 8*[(ISNIR-TML-CI) + 9.0dB - CFy] 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
respect 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.



Miit/s BPSK operation, PSNI = 8 [OEbNo - 4.4dB]. In
general, for all other data rates and nodul ati ons:
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2004/ 082308 PCT/ US2004/ 007640 [0037].SNR = C./ N,
egimage BER= Mote thgt the BSNS relamgw]@@&p@%w spasified only for

Thb. T - ~ = .
AR Brat R e Y of e i Rpihen e P Bep e DR
the saine WSYRsABN, FSPRshoNBWeEguaddomatd Sdjmaioy®f BER-gr all
gR = I\/gjtt/s and NBW= 22 MHz, [0042] SNR = EbNo +
CepuRe-coRLS = EbNo - 13. 4dB Equation (3b) [0043] In
general , [0044] SNR = EbNo - 13.4dB DRV, with DRV
from Table 1. Equation (4) [0045] Thereforge,

[0058] 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 PLCP has received a valid start frame delimiter
(SFD) and PLCP Header. The primitive provides the following parameter:
PHY-RXSTART.indication (RXVECTOR).

[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 PLCP header error check (HEC) 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.



[0046] EbNo = SNR + 13.4dB - DRMW Equation (5a)

[0047] and [0048] CEbNo = OSNIR + 13.4dB - DRMW
waqoatoszaos ( 5b) [ 0049] Enpl oyi ng Equation 1, i PeT/URBNUI/007640

= 8*[OEbNo - 4.4dB + DRW - CFy], and substituting for

CEbNo, PSNI = 8*[(OSNIR + 13.4dB - DRWK) - 4.4dB +

B O e 205t e GBLR 8 0Bcor G PoET
%?1?5§Muess I‘Féﬁrﬂﬂgﬁmﬂaﬁﬁioﬁmﬁ ﬁarnerlmhsoxand CI5 is
UspperigdRptes Rimer el grrat gprghons @%cﬁﬁé e 21;7‘101”
rg&gé@;taﬁgﬁla}éﬁirfé%ég %ﬂltedt&i Evﬁlaﬁhgﬁléhﬂs Qo BER/ G, pré@hlbld &nd

ect measure of observed consi dering all
SHIarTe following desatibesitit parapletersreturtiedrfor eadesf those error

ured at the denodul ator. PSNI is specified with
CP%(%S 8% to output FER which considers all

[owmjl enenthE%r: Th$eFalud ¢4 Ueidng indivyitd Gt deaee@roccurred
i mpl enentati on | oss. Each station neasures PSN using
dalrlf&fheé”éﬁqlﬁ‘?]P?O&é‘fSolﬂltéﬁ)Plt%Paccount for the actual

f
n g 9gaj %Whéw? TRACThInE %%%qﬁamaﬁnﬂla% tRE FRthat

maasurl ng rame using FEC w Il use CFy so
of bia¢ rchiyed iDUerhsHBNrrdmx om all stati ons is normalized

assu th t d
B3] 055368 Brepuisnta roprda 0] Sl jha Gane e
r@%’i‘ﬁfon‘of 3ab walonfiECpefees datd aas. (VEIDEY,it88 chfier WAORSE and
orted PSNI val ue ma}{ be used to estimate OEbNo and

RﬂiER pré@ssngfob the @ ﬁ@lfl bemgearpplishsd- f or each data

@’%fﬁ {0057 B s T Bl s el FaiEHE L BLHAE tne
rekdption of the @étkoniihy PATHT, 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 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
receive parameters such as RSSI, RCPI, signal quality (SQ), and indicated
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t heoretical PSK EbNo curve to estimte BER For data

rates with an FEC decoder, CEbNo is used with the
wohewmrostiogal FEC EbNo curve for PSK to esti maPeTBRER04/007640

Note that the PSNI relationship to BER is specified

only for AWSN Since the net effect of channel

[ i,rments
ARGt e et BBV IR Gt e ol ST S By in
T&lb# 4_cha|nnel condi tions. [0058] PHY- RXSTART. i ndi cation
sica Iayer-recelve start ndi cati on)_.[ 005 Thi
[é(g Oin | ndVBeR FeselaYe thtrppsmytie ﬁ%elgﬁc%qco%ﬁégg gﬁ?}L“ciEE%‘éed
h
gl SRS Lk G 1R G BT D
eﬁhbleﬂ rw}mnt ihecR PBlolei elegotser thoKDalERE P Od Rt and/or

AL, G Sehet h; OR el A sp 00 febf gt oo

TiHage taatioM bretiteldtty 1ﬂtﬂ’1@£‘tefa&€1@it@tto @he dA@Nigl PLCP
Header or_ upon__receipt of the_|ast P% data bit
&

RER%-GGe endieate s PHYeCCaHndicaba (RIFS ¥ bistl f%ewgpoﬂe %?ﬁl@n
(%@S:a{{ﬁ@?rqgﬁ{&]&w&%ﬁﬁ&&t el %oﬂrdf'{fhé PY@p fraBR) emt PMD

entity tot MAC subl ayer when
p?hhitivas PMio c esgfal Iqluyhtwﬁ?MBaSth and é’MDCRSﬁIs amexsseerd @r

C c r edundanc the start
“é’lq %ﬁ@%# RFEBmS 8%{1559%%% gﬁ%@he ef fect of
[06LQi Pt OAftet PHY-DUANNdiACe RYiséliel, MCPHY etitsigasdgined.
[ 0061] PHY- RXEND. i ndi cation [0062] This primt

stprchiits Eontho iy of Repaparibaa B asid vaeee B S¥D faia s
dtgiré‘ef%ﬁ]é\f fE\f{e@ ABIR00dNinBS) ﬂﬂpﬁf{f;%&’f%é PLEPTRIES 802 TRRIGNAL,
paraneters:
IEBY: &)ENDSE[EWICE awh LERERRGR]ds a:@ neeized4Tbe 23U 16 frame
cﬁgc-:li{{ s%%[%grolgé (%QC]S% 1S processed, and if the CRC-16 FCS check 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
processing, 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.

[0073] PMD_RCPlindicate (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
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RXVECTOR). The RXERROR paraneter can convey one or
nore of the follow ng values: NoError,

woeanws2dosl ati on, CarrierlLost, or Unsupport edRRCEUSZ004/007640
nunber of error conditions may occur after the PLCP s
recei ve state machi ne has detected what appears to be

al nbl FD., The f ol
A e e aRR B Rebes e B vare PR T B RCH ThalAe
Rerd), tTIRCPL 808 Blead¥afd 6fhe chBhBel\iwtee receivisEhbly tige direct
indicate that no error occurred during the recelve

spaesnss spraadispectrror HYQ@BHS PHYpas maasPEad ahtherptenna
cXﬂéﬁ@ox’ ?@%@g?l{\/\lg 1h@1@5ﬁ9ﬁseofté?%toﬁ61t§(2f29rl%ls) £k shb?_orted

recel S Inerror. Carri er Lost
Thad pﬁn’ll’avel i;ﬁgbxtemaﬁeddjydﬂnkadDMEthduthm@SSﬁ & HY ds aptheoreceive

f the.inc rot th

state: oisooanaonayrar i thEBEELCE g i dhamhrans Oe. Bl
rAc£RRrits BedMA® eRfily. UNBidnResmetHRat rovitiéd to/eelPLLCE layer
used to |nd|cate that during the reception of the

ngg@maj oermly. I d%félab@@mb@dlseém conjpachigr wildy BelNE 4o
67 @%M epresents a |list of parameters

I%%Emr%ﬁg) prOV| es the local MAC entity upon

{ecelpt of a valid PLCP Header or upon receipt of the

as ggﬁﬁ he received frane. This vector
Qgﬁialngqg H%N%IgﬂdFNAC managenent paraneters. This
067471 t 1 VeThs a16REd JhRMEs Bt theCIPHark@ietéherd @cihl rdhge from
entlty to indicate that the receive state machine has

Q?‘?fpuft %%D and éxe mdastraby thoPHy effba reeives dhanpgbpower at
o ! HERoar .
S LB P P Yt 18t e

sefpodtdEPBNDfs mesaned deridkERe irscepbionnf tine PLEI pregmbleand

order to.receive, data, TART. requyest. i s di sabl ed
oS ChRmiTRg oY BgHe (1 BOFR i1 REor Beti dhe e Tamiet os
JeuEEher apodk/Br ough station managenent via the

[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_RCPl.indicate

[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_RCPlL.indicate (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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Physi cal Layer Managenment Entity (PLME), the PHY is

set to the appropriate channel and the C ear Channe
wogsEasmeat (CCA) nethod is chosen. Other receCYAIS2004/007640

paranmeters such as RSSI, RCPlI, signal quality (SQ,

and indicated -10 WO 2004/ 082308 PCT/ US2004/ 007640

ngg%l %P(re W‘é S o?igecl\éin sﬁ;g% \:_%' &Fx&%{y&?s@é&%ﬁ?ﬁble to the
PLOFGinkiielg ih berd, paDwides tinthazatcgur toathe MACrapttty. (hés

sel eclte i -

peveveer oo Eofhe SLCE BhrL i PR eHenRay. o ST Hay
b% E%@S&Pﬁ%wmﬂo@ﬁgéﬁre iy dliRlalippnse

enabl ed after code | ock is established.
These conditions are used to indicate activity to the

HY- Agpdi cate. PHY-CCA.indicate (BUSY) is
&ﬁéied f OreCENE %etection (ED) and/or code |ock

[QD8RPr t O THY reBSite @B@&ﬂhf@ﬁoﬂfec@h@rﬂrﬁlﬁgﬁmm réEhive RV

PND |
belapers e apbionah ke Bot TGO N SH Bhp iy oser bed herein.
ArI%Q&(féxeﬂlalt% %uéﬁﬁt%gs ﬂl@ﬂ@eﬂte @&fe%"smﬁ@f‘tﬁ@ﬁdrf&k& & @agadble of

I'ssue entity gins searching for the Start
radeiviing i Wbit/sandeil 1 MIEWS; 1@1 afldidpc to 1 MbiBspnfl 2Mbil/s If the

PR Bsiepts Gt PR ERpthystp, el iotl it fulpine
PréfhPR fofifalsaaRl Mﬁibatég‘i@hﬁﬁ@yﬁ@ of px@ﬁﬁlblc hes kessdoedeincihe

F i s processed, and if the CRC-16 FCS check fails,
P«gﬂ@&w & tes THY ineplamests hermaskebbipprcavaldionsids

(ﬁﬁécggxfodkﬁat%n &%ﬂ &t %@ctste?chtep goxhﬁeﬁle%&ﬁfcﬂwe@ﬁlg (CCK)

to’conpletion o
op PBCHES Bodg]atidne, BHvdieded ietha SIGINAS. fiadd t 4red Rporipithe type

Bk i2h o Bscptace reception s

[HEEBPONI ZalhEraabites URRRIMA] thaCEHYpIIBXSAR TN wHichatipon
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 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

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
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(RXVECTOR) is issued. The RXVECTOR associated with

this primtive includes the SIGNAL field, the SERVI CE
woizadshg230he - MAC Protocol Data Units (MPDU) PemgiSEoouno7640

bytes (calculated fromthe LENGIH field in

m croseconds), the antenna used for receive (RX

bR TR apdor b 8 Sl cone ook i gstablighed

THeaS etiilibnd Me wadro mdlmwctwﬁgzeo viee MAC vihBHIVSSS PHY

o bt EPICEA e GBUSTRE Tebes] e ABARE £
pb@#}(@%g I}rg%e%[%eﬁgpdf@ﬁe PP 1daddP é‘ﬂ@%@ﬁ%}%mveshPMD sQ,

MAC. The primtive incl
PIMiD| B88H PN Br BOPI care ifvedReRIpdabritheadR SST, REH, pnd Hek
[ e channel power received by the
P&F?E%?WS&%BE%%RQ%QBEQQQ spect rum PHY (DSSS PHY) ag
[ooBB3Ur ed Aftedt PEY2OCANIAAicatORNSG1ed! thdRRY eftitytdegins
i ndi cations of ei %ht bits (221 |evels) ar port ed
sqeBing fortes SED) el cABieshec Ty feLiomltedip R coesssing

i ff%l%lt;eg] dhd 18 E;]?@g LSE%N% HERVIGE,| sh CORNIIMS ¥Rl dk are

aval to t lich, 1nturn, provides the
remivede tBie CBCEHRFOBGS pmcnetss},ed Thitlse @BCalﬁeF@S check fails, the

(ovided to the, K PLCP f | ti ly, T
HREPFecRRyPr BBER S P BOLaTR g it b of Ol
thé mLE%tQﬁ@admm%afécbymoﬂ BREP o RRVECHERRER fu ORIZ6E The

al l owed val ues for the RCPlI paraneter are in the range

prm@ﬁsmg, ith@rl%ﬂgwegezmeram‘aum@ tg the BuHLBytathe PHY of the
i ved dff ?@@Cfpﬂ er cep B8 1§?§&@§%@g€(‘e&pﬁ%ﬁ5 @TeNATheld

ue in Ions O Its are

1$cmppleteiyl redeghzabke n&h&pwdtedma BI;IYPRXSTéBQbIDIdthf
SRR A PP S L FES Sl

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 used for receive
(RX_ANTENNA), RSSI, RCPI, and 5Q.

[0088] PMD_PSNI.indicate
[0089] following parameter:
Parameter | Associated primitive Value Description

RCPI PMD_RCPL.indicate | 8 bits of RCPI | The RCPI is 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-




descri bed above. [00771 A second enbodi nent of a

receive PLCP is shown in Figure 6. In order to
woeowiogzsoslat a, PHY- TXSTART. request i s di sabl edPso/usSk@u/007640

the PHY entity is in the receive state. Further,

t hrough stati on managenent (via the PLME) the PRY is

to the apgpropriate e
iR erelpebde” TRt Bty R 1o th BT CHE UG, Ip g
pg@h@es tgl@g)a&tﬁﬁlgﬁaﬁﬁs the MAG %ntﬁqu‘BﬂFbaa‘ggmtaWsﬁnshﬂed to the
escri be 781 cate 791 Thi.s
Dilayey o 15GReLion I%WRCE#%?@% “35 P FSed My adion wish
P'S?ﬂecb\fﬁéjas%]@{ﬁkﬁ{t u'aﬂ%} O ORCPD ik era%’ﬁféla AgbsMAbed
entity and provi qh f'ol | ow ng paraneter:
abiie. RCPI . |nd|cate (RCPI) [00801 The RCPI is a neasure
of the channel power received by the DSSS PHY as
nmeasured at the antenna connector. RCPI val ue
i ndications of eight bits (221 levels) are supported.
This primtive is generated by the PMD -12 WO
2004/ 082308 PCT/ US2004/ 007640 when the DSSS PHY is in
the receive state. It is continuously available to the
PLCP, which, in turn, provides the paraneter to the
MAC entity. This paranmeter is provided to the PLCP
| ayer for information only. The RCPI may be used in
conjunction with PSNI to neasure input signal quality.
[ 0081] Receive PLCP [0082] The receive procedures for
receivers configured to receive the mandatory and
optional PLCPs, rates, and nodul ati ons are descri bed
herein. A receiver that supports this H gh Rate
extension of the standard is capable of receiving 5.5
Miit/s and 11 Moiit/s, in addition to 1 Mit/s and 2
Moit/s. If the PHY inplenents the Short Preanble
option, it detects both Short and Long
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Preanbl e formats and i ndi cates which type of preanble

was received in the
woheo4pazioget bi nary convol uti on code

RXVECTOR.

If the PHY inplenents
(PBCC) Mo#aTAalS2@mm/007640

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
TRbRCERBNI Abdurwdyi hd Rupge recei ving a PPDU, the
—receiver distingujshes hetween—along—and-shert—header
format by the val ue of the Sﬁﬂ@UThe re“ei ver
ylates a long PLCP headelipisi ng BPSK at 1
%E:Egtjgs The recei yer denodul ates a short PLCP header
(Mbitls) q3<>|M<aie 2 MaFEOsRafEhe (b}e@e) ver usBER he SI|ARANI
anrd—SERWC Hetts—at—thePLCPheadet uct ern
he data §5§ and| 1B Egidéti orifz\g%' the PB W 10084 3%\":8
third embodi mrent pf a receijve PLCP is sh@s in H gure
7. 1ln order to receive datla, the PHY-TXSTART. reguest
2s di sabl|d@P¥o t hanoFHE PHY 1280t ity is| 18%the reckd vd
state. Further, through station manageTg@]Qj%vi a the
PLME, the PHY is set to the appropriate channel Jand
tlse CCA efRDBSshbae TECD herigsnecei ve pad#net ers| 1GUESB
as RSSI, |RCPI, SQ and indijcated data r%&e, are
accessed |via the PHY-SAP ag described pPeé ousl Yi
E@085] UNarRHessi v the Trgagm tted engeoy., 58 + 8
according'to t%e sel ected |CCA node, the FC;I\/D_ED S
enabl ed gs the RSSl reaches the -13 WO| 234/ 082308
PCH-US2084+-007640 BD—THHRESHO-D—and/ ot RYD €S-
nabl ed 4P e odk MZock i s |e&Pibl i shed] VFifEse | 618
conditions are used to indijcate activi{g 9w the MAC
via PHY- |CCA indi¢tate  PHY-ICCA.indicate (BUSY) is
Pssued f qrOEVand/ 84 code I|ok380 prior {&0%otrect|83%8
receptior] of the PLCP header. The PMD ppigatives
PMD_SQ, ]
11 HRDSSS | no FEC 1250 10% = 125 + 8
0.2%
11 HRDSSS | 1/2 1250 10% = 82 +8
0.2%
12 OFDM 1/2 1250 10% =+ 85 +8
0.2%
18 OFDM 3/4 1250 10% = 107 + 8
0.2%
24 OFDM 1/2 1250 10% = 141 + 8
0.2%
36 OFDM 3/4 1250 10% = 163 + 8
0.2%
48 OFDM 2/3 1250 10% = 206 + 8
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PMD RSSI, PVMD RCPI, are issued to update the RSSI,

RCPI, and SQ paraneters reported to the MAC. [00861
waRb@ErosBily- CCA. i ndi cate is issued, the PHY ent PCY/US2004/007640

begins searching for the SFD field. Once the SFD

field is detected, CRC-16 processing is initiated and

Ia DI D QI A MNIAL D\ /L 1.1 AT ) o
‘t NS L Cr TOI'GOVAL, OCERVI UE, dqiTd CLENGIT 1

! dl' ©
recei ved| The CRCG 16 FCS i § processed. ??%?he CRC- 16
S checkJgrpiis, tha PHY raesover ret uigs i 0 t N1 8
| DLE stafe. If the status of CCAreturps to the IDLE
state during reception prigr to conpletpg%’of the ful
PCCP—processing, the PHY Teceiver retarns to the RX
| DLE state. [00871 If the PLCP header reception is
successful (and the SIGNAL field is conpletely
recogni zabl e and supported), a PHY- RXSTART. i ndi cate
(RXVECTOR) is issued. The RXVECTOR associated with
this primtive includes: the SIGNAL field; the
SERVI CE field; the PSDU Il ength in octets (calcul ated
fromthe LENGIH field in m croseconds and the data
rate in Mit/s); RXPREAMBLE TYPE (which is an
enunerated type taking on values SHORTPREAMBLE or
LONGPREAMBLE) ; and the antenna used for receive
(R) KANTENNA), RSSI, RCPI, and SQ [00881
PMD PSNI .indicate [00891 follow ng paraneter
Par amet er Associated primtive Value Description RCP
PMD RCPI.indicate 8 bits of RCPI The RCPT is a neasure
of the antenna connector channel power received by
the H gh Rate PHY, as defined above in paragraph
[ 00231.
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This primtive is generated by the PVD when the Hi

-14 WD 2004/ 082308 PCT/ US2004/ 007640

i s continuously avai | abPeTts200l807640
provi des the paranmeter to the

Is provided to the

il Ty be used in

Rate PHY is in
WwoOheos4ro8z®8ve st ate.
PLCP, whi ch,
MAC entity. This paraneter

Tafle: 1) A AL/

| t
in turn,

i aRp PN LG

gh

PLCP

&onj inct ot W Ure input signal

Dued i tly. Thfe RCPI |S“FmUredC@®ddf Patabed| above. DBM:

e e S o s o B B mct

o ol 3 heis nb REC 1R RS g [y i)

HRDSSSDRSFEBPSIS0 10%nd01 | B 0.299 5.5 HRDSSS 1/ 2/ 0

o CFOVI 3/ 4 1250 10% |EF=890, 206 | o0 ° %"

2 DSSS | QPSK none 2 3 0 3

(SF=11)

5.5 DSSS | QPSK none 5.5 7.4 0 7.4
11b (SF=16)

5.5 DSSS | QPSK 1/2 11 74 0 7.4
11b (SF=2)

6 OFD | BPSK Yo 12 7.78 0 7.78
M

9 OFD | BPSK Y% 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 Yo 24 10.79 0 10.79
M

18 OFD | QPSK Y4 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 |% 48 13.8 3.98 17.78
M

33 DSSS | 8PSK 2/3 49.5 15.19 0 15.19
11g (SF=1)
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11 HRDSSS no FEC 1250 10% 125 8 0.2% 11 HRDSSS 1/ 2
1250 10% 82 8 0.2% 12 OFDM 1/2 1250 10% 85 8

w0 2006084388 OFDM 3/ 4 1250 10% 107 8 0.2% 24 OPOMUSL(@4/007640
1250 10% 141 8 0.2% 36 OFDM 3/4 1250 10% 163 8
0.2% 48 OFDM 2/3 1250 10% 206 8 -16 WO 2004/ 082308

A= A~ ™A 4/ 4 En.—A

gguzlf)/ouvqgﬁl Lﬁ?o%%st f/%oLF;CT 5864/1565%401319% e 2 19,54

Dat a Ravle/ Mgdul ati on [( DRM) Adj ust ments Dat a FEC Coded

19%)

Bat-a—BRM-——+ate Mdullatio—cofde rate rate ad
@dul at BDTct%'QéMN fbps) Mblle n |A&E (MJB§)5 (db) | A5.-26
adj . (|dfp) adj.(db) 1|DSSS BPSK nong 1 0 0 0 (SF=11

54 OFD |64-QAM |3% 72 17.32 8.45 25.77
M

Table 3.
Data Rate Eb/No PPDU
(Mbps)/FEC (dB) BER Length FER
5.5 (none) 9.6 1.00E-05 | 1250 1.00E-01
5.5 (R=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 1.00E-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
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2 DSSS QPSK none 2 3 0 3 (SF=11) 5.5 DSSS QPSK none
5.57.407.4 lib (SF=16) 5.5 DSSS QPSK 1/2 11 7.4 0

W@ 2d04/082308 (SF=2) 6 OFD BPSK 1/2 12 7.78 0 7. 78PCHUS200#D07640
BPSK 3/4 12 9.54 0 9.54 M 11 DSSS QPSK 1/2 11 10.41 0
10.41 lib (SF=1) 11 DSSS QPSK none 11 10.41 0 10.41

ol AT s P U e s psic 5 5 33 13, 42

Plrddetts || 9| Ashoeibkedfrifdildyd 6- QAM 47,48 13.8 3.98
17.78 M 33 DSSS 8PSK 2/3 49.5 15/19 0 15.19 lig

padrl) - 18 VPRR0BAGRAE8eHCT/ US2DEH D0 LR 00X TR
PHY-DATA.indication

TXVECTOR PHY-TXSTART.request A set of parameters

STATUS PHY-CCA.indication BUSY, IDLE

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

RXERROR PHY-RXEND.indication | NoError,  FormatViolation,

Carrier-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 Mbit/s
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

SQ RXVECTOR 1,2 Mbit/s

RX_ANTENNA RXVECTOR 1,2 Mbit/s
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36 OFD 16-QAM 3/4 48 15.56 3.98 19.54 M 48 OFD 64- QAM

2/3 72 16.81 8.45 25.26 M54 OFD 64-QAM 3/4 72 17.32
wo.2dE/08%087 M Table 3. Data Rate Eb/ No PPDU PCT/US2004/007640

(Mops)/ FEC (dB) BER Length FER 5.5 (none) 9.6

1. 00E-05 1250 1.00E-01 5.5 (R=1/2) 9.6 1.25E-13 1250

“’H%%WLP%A&F%%@%@@@%#%%E@%%%@% %%sﬁ%? 6.

2 opErmt I]V%zl(gegi 2)1 Reehel T idital®, 3 oy Dihotonse
(R_gff%boé‘i;é E— 04 0 1.10E-02 -19 WO 2004/082308
PCTY/ abl e 4. | PHY-SAP service|primtive

par amat er )?ssom aked primiive Value DATA
PHY- A’Tequest Cctlet val ue™X 00' - X FF'

PHY- ﬁﬁﬁp{;\}\ﬂﬂiﬁ TTON | TRVECTOR PHY- TXSTART. T eqUest A
set TUS PHY- CCA. i ndi cat i on BUSY,

I DL;%@Q&‘?PWEL‘E}% |-<)3f|/—\r<| nadicati g m Aset E)_f

par

PMD_RATE X

PMD_RSSI

PMD_RCPI

PMD_SQ

PMD_CS

o3 B B B B B B

PMD_ED X
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PHY- RXEND. i ndi cati on RXERROR PHY- RXEND. i ndi cati on
NoError, Format Violation, Carrier-Lost,

wansupmezaos edRat e  Tabl e 5. PMD_SAP peer -t 0- peePCSRIS208/807640
primtive paraneters Paraneter Associated primtive

Val ue LENGTH RXVECTOR, 0 to 2E13-1 TXVECTOR DATARATE
%Y%?T%é% l\/brvt /s TXVEC'E&R ERVI CE RXVECTOR, 1,2
054 lF%rBi?ﬁlﬂ_’éi?éLar‘%? OR 1,2 Mit/s
TX_ANTENNA TXVECT CR%%SO aMt/s RSSI| RXVECTOR 1, 2
Mpit/s RCPI RXVEQT ) it/s SQ RXVECTOR 1,2
MoParametRX ANTENNA PRAWEGTOR 1, 2 Mi t { ¥alue20 WO
2004/082308 PCT/1US2004/007640__Table| 6__PMD SAP
subAdYer - t 0- subl ayePHYeDATAerentiesti t | VOstePRaNd: KVE)-X’FF
Request I ndicate Confirm Response PMD _TXSTART X -- --
PVMD TXEND X X -- - IFFI/M PATS&ELhd%ate - PMD TXPVWRLEVL X
-t -- PMORATE X X |- -
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- 1 to 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-RATE.request | DBPSK
X’14’ for 2 Mbit/s
DQPSK
RSSI PMD-RSSl.indicate 0-8 bits of RSSI
RCPI PMD-RCPl.indicate 8 bits of RCPI
SQ PMD-SQ.indicate 0-8 bits of SQ

929



PMD RSSI X -- -- PMD RCPI X -- -- PMD SQ X -- --

PMD CS X -- -- PMDED X X -- -- -21 WD 2004/ 082308
wWOCTi4#0820084/ 007640 Table 7. PNMD_SAP servi ce pPCHiUS2008/007640
paranmeters Associated Paraneter Primtive Value DATA
PHY- DATA. request COctet value: X 00'-X FF

PHY- DATA. i ndi cate TXVECTOR PHY- DATA. request A set of
paranmeters RXVECTOR PHY- DATA. i ndi cate A set of

paraneters TX UNIT PVD- DATA. request 1,0: DBPSK di bit
conmbi nations 00,01, 11,10: DQPSK RX UNIT

PMD- DATA. i ndi cate 1, 0: DBPSK di bit conbi nations

109103 m%r%%ngggTATE PMD TXE. request Recei ve,

ransm.t NT MD- 1 to 256 ANTSEL. i ndicate
PNExAMESEE . r equest | AEXSRel BYEhitRIdY- TX$STARI 0, 1, 2, 3
Max of 4 levels) |RATE PMD-RATE.indicate X QA" for 1
MpENGTH PHY-RXSTART.indicate | 0 to 4095
RSSI PHY-RXSTART.indicate | 0 to RSSI maximum
(RXVECTOR)
RCPII 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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PMD- RATE. request DBPSK X 14' for 2 Miit/s DQPSK RSSI
PMD-RSSI . i ndicate 0-8 bits of RSSI RCPI

woRDRER0s i ndicate 8 bits of RCPI SQ PMD SQ i RATAAL@®4/007640
0-8 bits of SQ -22 WD 2004/082308 PCT/ US2004/ 007640
Tabl e 8. RXVECTOR par arreters Par anet er Associ at ed

LR AR DT LRI gt e © to 400
(F% oy R T@g;ﬁélld %@E&%@*‘bﬁ?ﬁ&%‘%
g, R by BXTART. st NIT  (RIVECTOR)
sugmgﬁer%%%ﬁ ﬁéldgse égy\??ceqé)?iur?nb?iovééaglriGm'yt|\ljc“alu >

Re%ﬁﬁt_rr@%ﬁﬁh% 9(“ F ReSponse  PYD TXSTAR] 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

REXD_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-RSSILindicate | 0-8 bits of RSSI

RCPI PMD-RCPl.indicate | 8 bits of RCPI
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PMD TXEND X -- -- -- PMD TXPWRLEVL X -- -- -- PMNDRATE
X -- -- -- PMDRSS| -- X -- -- PMDRCPl -- X -- --

woahl4msdns Li st of paraneters for the PNVD pri nPCTASS004/007640

Par anet er Associated primtive Value TXD UNI T
PMD- DATA. request One(1), Zero(0):

val ue

one OFDM synbol

DATA. i ndi cate One(1l), Zero(0): one
0L BRBALT BVRDATA | 0

XPWR LEVEL PHY- TXSTART 1-8 (max of

8 P@Bﬁ%&ér RATE P R4TEq vBr
24 Moit/s (for QPSK) 48 Mit/s (f

st 1

t /s (for BPSK)
EYM%% QAI\/§ 72

64- QA PMD- RSSI |
g@%@%ﬁ% Wﬁéate 8 bj
2004/ 082308 PCT/ USXOVEICDOR640 Tab

viectors Paranmet et Associated vecto

TRt Gt Re818 tﬁuﬂsﬁm
its of RCPl -24 WD

| f1eISDBandWbités
Val ue DATARATE

RAMERGIRI The raf RXNVERCUTOR,
TXVECTOR oct et s.

transm

in Mit/s. LENGFE[}(R\;%\GE%%? The |

t Thd M€ 6RHBSBE0W

ength of the PSDU in
octets.

E TXVECTOR

1

PREAMBLE_TYP | RXVECTOR,

The preamble used for the
transmission of this
PPDU. This is an
enumerated type that can
take the value
SHORTPREAMBLE or
LONGPREAMBLE.

TXVECTOR

MODULATION RXVECTOR,

The modulation used for
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
SQ RXVECTOR 0-8 bits of SQ
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PREAMBLE_TYP RXVECTOR, The preanble used for the E

TXVECTOR transmi ssion of this PPDU. This is an
wenuwmszed type that can take the val ue PCT/US2004/007640

SHORTPREAMBLE or LONGPREAMBLE. MODULATI ON RXVECTOR,

The nodul ati on used for TXVECTOR the transm ssion of

RS LAY %i%ﬁf&&ﬁ&%%%%%ﬁ%%rpﬁémgﬂfegiﬁacﬁﬁeﬁnd
. RSSI
REHBRES b o o ARG rRCHen B B

NEM\éfp ﬂ§2308 %E:T/ US2004/ 007640 Table
subla ' imti

P yer-tao-subl ayer service primti \féé

Pr quest I icate [Confirm Response | PND
Tg%ﬁ@ﬁ% TXEND X -- --|-- PMD PSNI -- X
"I PMD Fﬁ\é_f\ul )&PV\RLVL x - Pl\g() MODUOL -\_|_| ONX"R—=---

PMD_TXPWRLVL X

PMD_MODULATION

PMD_PREAMBLE

B Bl

PMD_RATE

PMD_RSSI -

PMD_RCPI -

PMD_SQ

PMD_CS

SR e N B B - B B B

PMD_ED X
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PMD PREAMBLE X X -- -- PMD RATE X X -- -- PMD RSSI --
X---- PMDRCPI -- X-- -- PMDSQ X -- -- PMDCS X --
wo-20RMR2EID X X -- -- -26 WD 2004/ 082308 PCT/US2004/007640

PCT/ US2004/ 007640 CLAIMS What is clained is: 1. A

met hod for determ ning a received channel power

i ndi cator (RCPl), conprisi @5AMMS steps of: a)

asuring radi o frequency (RF) power of a signal

%3@[3 l%‘g?aetdlgh antenna; b) converting the neasurement
t o algi veA rpéthatigbedétennthi6y aseedivetcHdimeD poRBRir¥icdtor
deci bels (dB), to obtain the RCPI value. 2. The
(REtRb gomprising thesters ether conprising: presenting the

RCPI _yal ' ' j i.git.al t .

ot ol of Tiep Bt F A6l dBind) (R iR of b HeEll rectiyeltt an
aROPna;val ue in a range fromO0 through 221. 4. The

nmet h of claim 1, further co i Si hg neasurin I

R S e S A A L i

prot gc ol {BLEE)the [?Q?é‘ﬁié@r Antkcihety (dB3 CtRILL & ok ROPI value.
entire franme. 5. The nethod of claim1 further
conprising nmeasuring RCPI at a physical |ayer

(Pl TS ) The method of claim 1 further comprising:

presenting the RCPI value in an eight (8) bit digital format.

3. The method of claim 2 further comprising presenting the RCPI

value in a range from 0 through 221.

4, The method of claim 1 further comprising measuring RCPI
during reception of a physical layer convergence protocol (PL.CP) preamble

and over reception of an entire frame.

5. The method of claim 1 further comprising measuring RCPI at a
physical layer (PHY).
6. The method of claim 1 further comprising measuring RCPI at a

direct sequence spread spectrum (DSSS).

7. The method of claim 5 further comprising providing the RCPI to

a medium access control (MAC) layer.

8. The method of claim 1 wherein step (a) comprises measuring a

signal which includes signal, noise and interference.
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6. The method of claim 1 further conprising neasuring

RCPI at a direct sequence spread spectrum (DSSS). 7.
woheo4ros2ded of claim5 further conprising provedirug2dmneo7640
RCPT to a nedium access control (MAC) |ayer. 8. The

met hod of claim 1 wherein step (a) conprises neasuring

a sPgnal Awhétbhd forcdeidesirgng aglerceirsidsagaaldo noise indicator for

erfer gnce, -.27%@%004/ 082%08 PCT/ US2004/ 007640 9. d

aASIH%? L5 oA TS iy 49pe 2% GEHPATYI ™ERSTsjegpresse
ih AidtidalsqaBf otrreaelge& elgnal fehleSsreptahtyd byMicahl foSndse plus
guanti zed, (gg%ﬁ[atlve measure expressed in decibels

D(lwsfer%mcerré&leu Rirggandless af phapnes yped o ragdiofyansmgisgion
m nce ratio (S/N+l) regardl ess

aglfgtg anne Oti?ggé or ﬁé‘i&?b transm ssion and

tr andahesmumgraalteéatamqhﬁ}j) betvgzend¥ier amdignahto noise ratio

BB NG B Biter A Reprae BOL vaaceeniab oy ChPBSenthetoy
Iﬁgmemﬂt@ﬁhg Fiay Phasepiai K@@H@ (fIﬂDSKPQﬁé gividdth rate;
keyi ng SBDSK) at a give data rate; enp

pr edeb@leying Brasgberarngd nyghes ohupity per éBdetogtEﬁnaa B

I
A8 0 PP SN0 PSS e
btlfhieaﬁ?SNl reI ationship by add| ng a data rate/nodul ation

Cooube i 5P R R B B4 tfain

(BR‘MMWalﬁ@ Eo &&bhﬁﬂ&ﬁ&e oy PAf fathQa@hAd 8iddation and a given
correction Mg decoder in the station. 10. The

hegdware f@ﬁtoél(GF @ Fagpepeior zavipneesiingack fprsyilegrasi ght
c&ﬁkcﬁ'&{ g@@)ecqecgg t?lgt @‘#? 1_;51832d_8 range in for a PSN

val ue represente ) binary bits, whereby
for operation at sal d gi ven

10.  The method of claim 9 further comprising:

employing eight (8) units per dB to obtain a 32dB range in for a PSNI
value represented by eight (8) binary bits, whereby for operation at said given
date rate employing
BPSK, PSNI=8* [OEbNo - 4.4dB + DRMzx - CFy]; and

modifying the PSNI relationship by adding a data rate/modulation
(DRMX) value to accommodate a given data rate and modulation and a given
hardware factor (CFy) to account for variances in each forward error
correction (FEC) decoder in the station whereby
PSNI=8*[OEbNo-4.4dB+DRMx-CFyl.

11.  The method of claim 10 further comprising substituting
OSNIR + 13.4dB-DRMx for OEbNo,
where OSN1R is an observe signal to noise plus interference ration, and PSNI

is represented by
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date rate enpl oyi ng BPSK, PSNI =8* [ CEbNo - 4.4dB +

DRMK - CFy]; and nodifying the PSNI rel ationship by
wadadi4rng2zms dat a rat e/ nodul ati on (DRMX) val ue t BCT/US2004/007640

accommobdate a given data rate and nodul ation and a

iven hardware factor (CFy) to account for variances

BN ESEHOBH Wat 8.0dB-6Fyl.correcti on (FEC) decoder in the
station whereby PSN =8* [ OEbNo- 4. 4dB+DRMWk- CFy] . 11.
The met hod of claim 10 further conprising substituting

OSNI R2+ 1Bhd dRtRRMY dlgiim OEfiNehembuieriBNLRbststuaihg
t Q. noi se plus interference ration, and

Ig&f&ﬁr ﬁﬁéﬁf@'&&lﬂ{%d by -28 WO 2004/ 082308
vﬁgﬂa w520 Qgﬁ&ggfﬁé QnodRaN rmBlen PN &h 1osS afH %Iq:él‘eseﬁ% a sum

he met hod of claim 11 further conprising substituting
OfSIﬁIChaﬂMI-lmpaﬁmelﬁSNl R, where TM. represents nodem

X represents a sum of all
%@aﬁé‘ﬁﬁ%ﬁﬁ‘%ﬁ? §0%%%F19 T8 [ (1 SNIR-TM Ol +9. QdB- CFy]
yydleingi NPSNIRANEh Wha afrettSmaasdlire ®€ bbsRasUSNIRf observed

SNIR 13. The nmethod of claim9 wherein the correction

factor CFy is utilized to account for an actual

COdI ggﬁ&; d
of c ai ma’gﬂ? rt erafc%%pn??ﬁggeﬁgﬁ% rzef:%gh E%I\fr @%tpso
udilized tabroust fyr anpitogl cogindgaind Chactef an]EEC THeeoder.
nmet hod of claim9 further conprising normalizing PSNI
for all stations by enploying the value CFy so that

PSNI 125 S UTBS ni2t &6 ®4int 8 further comprising normalizing PSNI for
all stations by employing the value CFy.

15.  The method of claim 9 further comprising normalizing PSNI for
all stations by employing the value CFy so that PSNI assumes a theoretical

coding gain.

16. A receiver capable of determining a received channel power
indicator (RCPI), the receiver comprising:

a radio front end capable of measuring radio frequency (RF) power of a
signal received at an antenna;

an AGC circuit for converting the measurement to a given parameter;
and

a circuit for scaling the given parameter in decibels (dB), to obtain an

RCPI value.

17.  The receiver of claim 16 further wherein the circuit for scaling
presents the RCPI value in an eight (8) bit digital format at a range from 0
through 221.
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coding gain. 16. A receiver capable of determ ning a

recei ved channel power indicator (RCPlI), the receiver
woan@roissiong: a radi o front end capabl e of measBCTMG2004/007640

radi o frequency (RF) power of a signal received at an

antenna; an AGC circuit for converting the neasurenent

to a given paraneter; and a circuit for scaling the

ive ar ter.in degi t 0. obtain an
Ou ods" 37 HIE LElesn ) FRREA Wb ARG Piur P!
duringidceptiidn D4 phgsitalrigyervoasergescd ptROP(PNEPYSrdamlsls
eight (8) bit O%i gital] format at a range fromO
%Qﬁir%’@ﬁﬁeefﬂl.on- en\RBtrefAMB2308 PCT/ US2004/ 007640  18.
The receiver of claim 16 wherein the receiver neasures
RCPI during reception of a physical |ayer convergence
prot d8ol TheoReiyeredoblim 16awmbersirethe sreiver oxreashreaRCPI at a
p%ntsicglelaf reﬁ?HY 9. The receiver of claim16 wherein the
receive asures RCPI at a physical layer (PHY). 20.
The receiver of claim 16 wherein the receiver nmeasures
RCPI at a_ _dire¢t sequence spread spectrum (DSSS). 21.
The Plcei VBe refervaraf sy lﬁh‘@ﬁ@ieﬁn threreceiver measprasi@ikat a
diftRs Bodtlonct SpRta0RAbUMAGRRRR) CONLrol (MAQ) |ayer. 22.
The recel ver ofa cfaim 16 wherein the receiver neasures

a signal which includes signal, noise and

ICQFT‘S??E Ir ﬁ’gﬁg 'rec%%iery? Claim 19 v\vlﬁére%{ t}?el Iz?lelc{::ri]vél6 pI'o%riéehs%lhe RCPI
to a medium access control (MAC) layer.

22.  The receiver of claim 16 wherein the receiver measures a signal

which includes signal, noise and interference.

23.  The receiver of claim 16 further comprising:

a circuit for determining a relationship between PSNI and signal to
noise ratio (Eb/No) by obtaining an observed Eb/No represented by O EbNo,
when PSNI=0 employing binary phase shift keying (BDSK) at a give data
rate, employing a predetermined units per dB to obtain a 32dB range in for a
PSNI value represented a corresponding number of binary bits; and

a circuit for ranging the PSNI value and modifying the PSNI
relationship by adding a data rate/modulation (DRMX) value to accommodate
a given data rate and modulation and a given hardware factor (CFy) to
account for variances in each forward error correction (FEC) decoder in the

station.

-30-



acircuit for determning a relationship between PSN

and signal to noise ratio (Eb/No) by obtaining an
wohsewmrogzs Eb/ No represented by 0 EbNo, when PBSIAS2004/007640

enpl oyi ng binary phase shift keying (BDSK) at a give

data rate, enploying a predeterm ned units per dB to

obt ai2#. a ThedBereiveyef claima8 farthespmpalsire:r epr esent ed a

FangERGoEuC P Be JRAR g o e Pl riBapd BOMT 1"
reBltnkhijsAibatibyting diSNIRa+ daud B- BRI OBBNOHERMENIR is

val ue to accommbdate a given data rate _and nodul atjon
agrebssrys sigpaltamae Rlus mieHerqueeyation; PIRE sispressated by

y . ] o A
PLARIEANI, SR O SRS B D,
VRETE US2D @4pa376i4inodem iMmplemeantaiive lossfand| Gl rap2&sents a sum

A SRR PP, R EAR L o AR BB
obbbSLHtINIRIg OSNIR + 13. 4dB- DRWK for OEbNo, where

OSNLIR is an observe signal to noise plus interference
ration; PSNl is represented by PSN =8* [OCSNIR +

9. QB CF Lt TV f
aher 20Ty 1 ORIVl SR et Gt et fr

sceling seatvedaignals, the nadthod bempekinignpai r nent s, vyi el di ng

PSNI ich i direct e of.. qb SNI R,
s prahiiel Sadethibt e Eonlise MaigpR FEEl) Rl e
RN Telub @rovidid 4 Bibak@eaif\pReceS el pbst-priobéssit $18Alal-to-noise-

conprising: establishing a perceived signal to noise,
rlystintarfrencpspfiy (H/ANuD) ratiein pdymodnlater s a/tognpasuge in a

PR ol EER SRl DRSSt Rl 4 e
afiereduR B idownsanassibo, theaseasairement de:njtyafdefrmnr}meé@abeenhined
ERE Bhich BBYaPHRbAXSE nReRE! S SRy AUal T

26. The method of claim 25, further characterized by measuring the
PSNI value over measured over the physical layer convergence protocol

(PLCP) preamble and over the received frame.

27. The method of claim 25, further characterized by utilizing the
PSNI value as a monotonically increasing, logarithmic function of the
observed S/(N+I).

28.  The method of claim 25, further characterized by utilizing the
PSNI value as a monotonically increasing, logarithmic function of the
observed S/(N+I), the PSNI providing an indication of additive white Gaussian
noise (AWGN) at given FERs for each data rate.
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after an RF downconversion, the neasurenent derived
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32.  The method of claim 30, further characterized by measuring the
PSNI value over measured over the physical layer convergence protocol
(PLCP) preamble and over the received frame, the PSNI value utilized as a

monotonically increasing, logarithmic function of the observed S/(N+I).

33.  The method of claim 30, further characterized by measuring the
PSNI value over measured over the physical layer convergence protocol
(PLCP) preamble and over the received frame, the PSNI value utilized as a
monotonically increasing, logarithmic function of the observed S/(N+I) and
providing an indication of additive white Gaussian noise (AWGN) at given

FERs for each data rate.
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