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channel s to be usephe fachAblegly that has been widely employed and will remain important

in the foreseeable future is the shared medium communication network. A shared

20 medium communication network is one in which a single communications channel
(the shared channel) is shared by a number of users such that uncoordinated
transmissions from different users may interfere with one another. The shared
medium communication network typically includes a number of secondary stations
that transmit on the shared channel, and a single primary station situated ata

25 common receiving end of the shared channel for receiving the secondary station
transmissions. Since communication networks typically have a limited number of
communication channels, the shared medium communication network allows
many users to gain access to the network over a single communication channel,
.thereby allowing the remaining communication channels to be used for other

30 purposes.

One type of shared medium communication network divides the shared
channel into successive time slots. In such a shared medium communication
network, all of the secondary stations must be synchronized with the time slots, so
that all secondary station transmissions begin and end within designated time

35 slot(s). Therefore, when a secondary station connects to the shared medium
communication network or otherwise attempts to establish a connection in the
shared medium communication network, the secondary station performs a ranging
function to synchronize with the time slots on the shared channel. The ranging
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Brief Description of the Draw Bgef pescription of the Drawing
in the Drawing,
FIG. 1 is a block diagram showing an exemplary shared medium
20 communication network in accordance with a preferred embodiment of the present
invention;
FIG. 2 is a plot of the expected probability of success outcomes as a
function of the offered load of the system;
FIG. 3 is a plot showing two points having the same probability of success
25 outcomes mapping to two different values for the offered load of the system;
FIG. 4 is a logic flow diagram showing exempiary adaptive initial ranging
logic in accordance with a preferred embodiment of the present invention;
FIG. § is a logic flow diagram showing adaptive initial ranging logic in
accordance with a first exemplary embodiment of the present invention;
30 FIG. 6 is a logic flow diagram showing adaptive initial ranging logic in
accordance with a second exemplary embodiment of the present invention;

- FIG. 7 is a logic flow diagram showing the iterative process for dynamically
updating the backoff window size and ranging opportunity frequency in
accordance with a preferred embodiment of the present invention;

35 FIG. 8 is a block diagram showing an exemplary primary station in
accordance with a preferred embodiment of the present invention; and
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network 108 sughe@ibitfatidh f 2 %GownfestHPEFEctBr ¥rEH the primary station 102 to the
. secondary stations 104, and is hereinafter referred to as “downstream channel
106.” Channel 107 carries information in an “upstream” direction from the
secondary stations 104 to the primary station 102, and is hereinafter referred to as
20 “upstream channel 107.” Each end user 110 interfaces to the shared medium
communication network 100 by means of a secondary station 104.
In a preferred embodiment, the shared medium communication network
100 is a data-over-cable (DOC) communication system wherein the downstream
channel 106 and the upstream channe! 107 are separate channels carried over a
25 shared physical medium. in the preferred embodiment, the shared physical
medium is a hybrid fiber-optic and coaxial cable (HFC) network. The downstream
channel 106 is one of a plurality of downstream.channels carried over the HFC
network. The upstream channel 107 is one of a plurality of upstream channels
carried over the HFC network. In other embodiments, the shared physical
30 medium may be coaxial cable, fiber-optic cable, twisted pair wires, and so on, and
may also include air, atmosphere, or space for wireless and satellite
communication. Also, the various upstream and downstream channels may be
the same physical channel, for example, through time-division
multiplexing/duplexing, or separate physical channels, for example, through
35  frequency-division multiplexing/duplexing.
In the shared medium communication network 100 of the preferred
embodiment, the downstream channels, including the downstream channel 106,
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20 In order to allow multiple secondary stations 104 to share a particular
upstream channel, such as the upstream channel 107, the primary station 102
and the secondary stations 104 participate in a medium access control (MAC)
protocol. The MAC protocol provides a set of rules and procedures for
coordinating access by the secondary stations 104 to the shared upstream

25 channel 107. Each secondary station 104 participates in the MAC protocol on
behalf of its end users. For convenience, each participant in the MAC protocol is
referred to as a “MAC User.” .

In a preferred embodiment, the MAC protocol includes a protocol
commonly referred to as Multimedia Cable Network System (MCNS), which is

30 defined in the document entitled MCNS Data-Over-Cable Service interface
Specifications Radio Frequency Interface Specification SP-RFI-102-871008
Interim Specification (hereinafter referred to as the “MCNS Protocol
Specification”), incorporated herein by reference in its entirety. The MCNS
Protocol Specification utilizes a slotted upstream channel, such that the upstream

35 channel 107 is divided into successive time slots referred to as mini-slots. More
specifically, the upstream channel 107 is modeled as a stream of mini-slots,
providing for time-division multiple access (TDMA) at regulated time ticks. The
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interval, allows specific secondary stations 104 to transmit data packets contention-
free in designated mini-slots. Yet another type of interval, referred to as an initial
maintenance interval, allows secondary stations 104 to transmit ranging request
25 messages in contention mode for establishing synchronization with the mini-siots on
the upstream channel.
Before a secondary station 104 can transmit a ranging request message in an
initial maintenance interval as parf of the ranging function, the secondary station 104
first synchronizes to the downstream channel 106. This involves, among other things,
30 synchronizing to the modulation and forward error correction on the downstream
channel 106. The secondary station 104 then monitors the downstream channel 106
for an Upstream Channel Descriptor (UCD) message that defines a set of operating
parameters for the upstream channel 107. The secondary station 104 then monitors
the downstream channel 106 for a MAP message including an initial maintenance
35 interval, and transmits a ranging request message during the initial maintenance
interval.
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a reservation nrrﬁé}y %éttorlr'\e? 62 gckr?owlségamg recetpt of the ranging request message. If the
" secondary station 104 receives the ranging response message from the primary
20 station 102, then the secondary station 104 completes the ranging function by
- adjusting its timing to synchronize with the mini-slots on the upstream channel 107.
However, if the secondary station 104 does not receive the ranging response
message within a predetermined time-out period, then the secondary station 104 re-
contends in subsequent initial maintenance intervals as part of an adjustrnent process
25 (discussed in section 7.2.5 of the MCNS Protocol Specification).

In accordance with the MCNS Protocol Specification, the adjustment process
includes a backoff scheme (discussed in section 6.4.4 of the MCNS Protocol
Specification) in which each contending secondary station 104 re-transmits the
ranging request message after skipping a randomly selected number of ranging

30 opportunities. The randomly selected number must be within a predetermined backoff
window W, which is initially equal to a predetermined backoff window starting value,
and is doubled each time the secondary station 104 re-contends up to a
predetermined backoff window ending value. The primary station 102 specifies the
backoff window starting value and the backoff window ending value in the MAP

35 messages.

One objective of the primary station 102 is to range all of the secondary
stations 104 as quickly as possible using as few ranging opportunities as possible.
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offered load) of the system. A plot of the probability of success P(S) as a function
20 of Gis shown in FIG. 2. As shown in FIG. 2, P(S) reaches a theoretical maximum
value of 0.368 when G is equa! to one. Itis an objective of the present invention
to dynamically adjust the backoff window size such that P(S) remains as close as
possible to the theoretical maximum value.

The region of the plot where G is iess than one represents an underload

25 region. The underload region is considered to be a stable region, since an
increase in the offered load results in an increase in P(S). However, in the
underlioad region, the number of ranging opportunities is larger than the optimai
number of ranging opportunities, resulting in few collision outcomes, many idle
outcomes, and hence few success outcomes. Therefore, when operating in the

30 underload region, it is typically desirable to reduce the backoff window size to
increase the probability of success P(S).

The region of the plot where G is greater than one represents an overload
region. The overload region is considered to be an unstable region, since an
increase in the offered load resuits in a decrease in P(S). However, in the

35 overload region, the number of ranging opportunities is smaller than the optimat
number of ranging opportunities, resulting in many collision outcomes, few idle
outcomes, and hence few success outcomes. Therefore, when operating in the
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possi bl e. measured P(S) maps to two distinct points on the plot, one in the underioad
20  region corresponding to an offered load G=X and one in the overload region
corresponding to an offered load G=Y, as shown in FIG. 3. Thus, the measured
P(S) alone is inadequate for estimating the offered load G and determining the
operating region of the system.

In accordance with a preferred embodiment of the present invention, the

25  primary station 102 uses two indicators to determine the operating region of the
system. The first indicator is a ratio R calculated from the measured P(S) in two
different sample windows. The second indicator is a measured probability of
garbled outcomes PG within a sample window. Each of the indicators provides an
indication of the operating region of the system, although neither parameter alone

30 is definitive.

In accordance with a preferred embodiment of the present invention, the
primary station 102 measures the probability of success outcomes P(S) in two
consecutive sample windows, each having a different backoff window size, and
determines the ratio R as follows:

35

=[CURR_PS - PREV_PS}/[CURR_W - PREV_W]
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backoff window size (CURR_W) different than the first backoff window size, in
step 406. The second system performance measurement provides the values
CURR_PS, CURR_W, and PG. The adaptive initial ranging scheme then
determines a new backoff window size (i.e., a new value for CURR_W) based on

25 the first and second system performance measurements, in step 408, and
terminates at step 499.

FIG. 5 is a logic flow diagram showing adaptive initial ranging logic in
accordance with a first exemplary embodiment of the present invention that uses
the ratio R to adjust the backoff window size and ranging opportunity frequency.

30 After beginning in step 502, the logic provides ranging opportunities and specifies
the first backoff window size for collision resolution, in step 504. The logic then
counts a first number of success outcomes in a first sample window and
determines a first probability of success outcomes (PREV_PS), in step 506. The
first probability of success outcomes (PREV_PS) is equal to the number of

35 success outcomes received in the first sample window divided by the number of
ranging opportunity slots in the first sample window.
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operating region of the system. One condition under which the ratio R can

20 incorrectly indicate the operating region of the system is when the value of
CURR_PS or PREV_PS (or both) is disproportionate to the expected probability of
~ success outcomes based on the actual offered load G during the corresponding
sample window. This can happen, for example, when the sample window size is
relatively small (which is the case in a preferred embodiment of the present
25 invention described below). if the ratio R incorrectly indicates the operating region
of the system, then the backoff window size may be incorrectly adjusted, causing
the probability of success outcomes in subsequent sample windows to decrease
rather than increase.
Thus, in accordance with a preferred embodiment of the present invention,
30 the primary station 102 measures a probability of garbled outcomes PG, and uses
PG as a second indicator (i.e., in addition to the ratio R) of the operating region of
the system. Specifically, the primary station 102 counts the actual number of
garbled outcomes (i.e., corrupted messages due to collisions or noise) received
during the sample window and divides by the number of ranging opportunity slots
35 in the sample window to obtain PG. If PG is very smali, for example, less than
0.3, then the system is likely to be operating in the underload region, where it
would be desirable to decrease the backoff window size. If PG is very large, for’
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outcomes in a second sample window to determine a second probability of
success outcomes (CURR_PS) and a probability of garbled outcomes (PG), in

20 step 612. The second probability of success outcomes (CURR_PS) is equal to
the number of success outcomes received in the second sample window divided
by the number of ranging opportunity slots in the second sample window. The
probability of garbled outcomes (PG) is equal to the number of garbled outcomes
received in the second sample window divided by the number of ranging

25 opportunity siots in the second sample window.

After determining the second probability of success outcomes and the
probability of garbled outcomes in step 612, the logic calculates the ratio R based
on the values CURR_PS, PREV_PS, CURR_W, and PREV_W, in step 614. The
logic then determines the new backoff window size. Specifically, if either (1) the

30 ratio R is greater than or equal to zero and PG is greater than 0.3, or (2) PG is
greater than 0.8, then the logic sets the new backoff window size greater than the
second backoff window size, in step 616. Otherwise, the logic sets the new
backoff window size less than the second backoff window size, in step 618. The
logic terminates in step 699.

35 A preferred embodiment of the present invention applies the above
principles to an adaptive initial ranging scheme that operates under the following
assumptions:
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scheme. During the adjustment process, each secondary station randomly

20 selects a number within the current backoff window CURR_W, and defers
transmitting its ranging request by the selected number of ranging opportunities.
Each secondary station that transmits a ranging request awaits a ranging
response from the primary station. If a secondary station receives a ranging
response within a predetermined time-out period, then the ranging process is

25 complete for that secondary station, and the secondary station does not contend
in subsequent ranging opportunities. However, if the secondary station fails to
receive a ranging response within the predetermined time-out period, then the
secondary station participates in the adjustment process, using the most recently
received value of CURR_W as the backoff window for collision resolution. in

30 accordance with the MCNS Protocol Specification, the predetermined time-out
period utilized in a preferred embodiment of the present invention is 100
milliseconds.

The preferred adaptive initial ranging scheme utilizes an iterative process

to dynamically update the backoff window size, as shown in FIG. 7. The logic

35 begins at step 702 and proceeds to set up the initial conditions for the first
iteration of the logic in step 704. Specifically, for the first iteration of the logic, the
previous window size PREV_W is set to zero, the initial window size CURR_W s
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25  After determining the new ranging opportunity frequency, the MAP messages are
adjusted (if necessary) to provide ranging opportunities at the new ranging
opportunity frequency.

After updating the ranging opportunity frequency in step 7086, the logic
measures the impact of the current backoff window size on the system.

30  Specifically, after updating the ranging opportunity frequency in step 706, the logic
first skips PREV_W ranging opportunities in step 708. The logic then saves the
value of CURR_PS as PREV_PS in step 710. Lastly, the logic counts the number
of success outcomes and the number of garbled outcomes in a predetermined
number N of sample ranging opportunity siots and divides both by N to determine

35 the probability of success outcomes CURR_PS and the probability of garbled
outcomes PG, respectively, in step 712. In accordance with a preferred
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20  to 512 (NO in step 728), then the logic recycles to step 708. However, if
CURR_W is greater than 512 (YES in step 728), then the logic resets CURR_W to
512, in step 732, and recycles to step 706.
At step 722, the logic saves CURR_W as PREV_W and divides CURR_W
by two (2). The logic then checks if CURR_W has reached a predetermined
25  minimum backoff window size equal to eight (8), in step 726. {f CURR_W s
greater than eight (8) (NO in step 726), then the logic recycles to step 7086.
However, if CURR_W is equal to eight (8) (YES in step 726), then the logic
terminates the adaptive initial ranging procedure by setting the backoff window
and ranging opportunity frequency to predetermined steady-state values, in step
30 730, and ending in step 799. In accordance with a preferred embodiment of the
present invention, the steady-state backoff window starting value is equal to two
(2), the steady-state backoff window ending value is equal to 256, and the steady-
state ranging opportunity frequency is equal to five (5) ranging opportunities per
second.
35 At step 718, the logic examines CURR_PS to determine whether CURR_W
should be left unchanged or decreased. If CURR_PS is greater than or equal to
the theoretical maximum value 0.368 (NO in step 718), then the logic recycles to



R based  WAYPASEL tos OURRPS. PREVPS, CURRW and E&E&% ?ﬁ@%@@ﬁ%t -
The | ogi c then determ nes the new backb§f w ndow si'ze. Specifically, -
ot nr o 708 g P Shatad] Pt U i g Bt
the new backojfe di‘éﬂﬁ?\“hé%duﬁﬁnﬂfr@l&b% 36HEVESIA step 718pansd tlb@ﬁi@ﬁé Pms_e@@\m
size, in step 616 rw se, ets new f w ndow
si ze | ess thaftepé2 &&?ﬂeﬁﬁ%@rﬁRﬁﬁﬁ Fﬁ'@ed ?F?og?ep 618. The | ogi c
term nates in stepjt&hduldbe noted that thefisst itehtionotithedogicdé uskd gniefent
Nt on PP Eiod & AR eenuromBat AT GAREE PS bR tFnbl Widt §289' "9
12 1) CURR qummﬁbeThmmntBWahmeaEM Wresjuahta zenoeensures thatd
station does 1 PRlrRiBCRElS B FRRCT REIS SpBYS fostep 20,10 K1Ep 7220 B that
contend duri nthe walue af Cri&'#@ Wis decreasad to 128 tp pm\udg astifferant hask@ﬁpamw of
Theprimary e 3 okl A5Gy froauBiRyTol HE befmd RéraRBRA the iggic. the
during a &ér t Malwetaf ik caleviated Wh’ﬁ'ﬁ.eﬁc;{ﬂ@'ﬂstﬂfé %ﬁﬂr@rmgslh&tﬁrﬁwtﬁ@t'@aﬁéﬂl@lO@FC 10
f're; ﬁ;m glspgnts B cBYTE Yased o@%@y?@e@ HISIBI (P81 PREVWPISCAnd PREVION are both
secondary st aZP&h: ?‘g‘gﬂ‘:ﬁﬁ?'d@ée is neta gl'HSr’Bé’PPH%" é’%’t’%ﬁ?ﬁﬁgmﬂ‘m 8%/@3 §y§%em
al low i ts trapnser tr fisbitération dfeneloged Wém the valug PREBYVI Whwilbaidiays be 6)
The backoff ngéja%f ﬁﬁa{’lezeré Sudh izt e vél\t’}g R calculated in step 716 will be an indicator
15 of the operating region of the system.

It should aiso be noted that the reason for skipping PREV_W ranging
opportunities in step 708 is to wait for the secondary stations to begin using the
new backoff window before examining the ranging results in the N sample ranging
opportunity siots. When CURR_W is changed to a new backoff window size at a

20 particular time T, the new backoff window size does not affect secondary stations
that contend prior to time T. This is because those secondary stations that
contend prior to time T use the previous backoff window size PREV_W, while any
secondary stations that contend after time T use the new backoff window size
CURR_W. Therefore, after changing to the new backoff window size CURR_W at

25 time T, the previous backoff window size PREV_W can be in effect at most
PREV_W ranging opportunities following time T, after which all secondary stations
must necessarily use the new backoff window size CURR_W. By skipping at least
PREV_W ranging opportunities, the N sample ranging opportunity slots are
certain to be within the new backoff window size CURR_W.

30 It should also be noted that the reason for limiting the backoff window size
to a maximum of 512 is that the actual offered load over a backoff window size of
512 is necessarily less than one request per ranging opportunity slot, since at
most 500 secondary stations are permitted to contend. Therefore, the expected
probability of success outcomes with a backoff window size of 512 is already less

35 than 0.368 when measured over the entire sample window. Thus, when the
backoff window size is 512, it would typically be desirable to decrease the backoff
window size and ranging opportunity frequency in an attempt to increase the
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functional modules allows the primary station 102 to support a single downstream

20 channel and up to eight upstream channels. For the sake of convenience and
simplicity, the exemplary embodiments described below refer to the single
upstream channel 107, although it will be apparent to a skilled artisan that multiple
upstream channels are supportable in a similar manner.

The Adapter Module 210 controls the flow of data and control messages

25 between the primary station 102 and the secondary stations 104. The Adapter
Module 210 includes Control Logic 218 that is coupled to a Memory 212. The
Control Logic 218 includes logic for dynamically adjusting the backoff window size
and ranging opportunity frequency in accordance with the various embodiments of
the present invention described heretofore. Specifically, the Control Logic 218

30 includes logic for processing ranging request messages and other data and
control messages received from the secondary stations 104, and further includes
logic for generating MAP messages, registration response messages, and other
data and control messages for transmission to the secondary stations 104. The
Memory 212 is divided into a Dedicated Memory 216 that is used only by the

35 Control Logic 218, and a Shared Memory 214 that is shared by the Control Logic
218 and MAC Logic 224 (described below) for exchanging data and control
messages.
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accor dance wi ohinjeffacs 253.edhe MAC Logic 4 also processes the data and contro
messages received from the Receiver Module 230 by means of interface 255.
The MAC Logic 224 stores the received data and control messages in the
Receive Queue in the Shared Memory 214 by means of interface 250.
25 The Transmitter Module 240 provides an interface to the downstream
channel 106 for transmitting data and control messages to the secondary stations
104. The Transmitter Module 240 includes a Transmitter Front End 242 that is
operably coupled to the downstream channel 106 and an Encoder/Modulator 241.
The Encoder/Modulator 241 includes logic for processing data and control
30 messages received from the MAC Logic 224 by means of interface 253. More
specifically, the Encoder/Modulator 241 includes encoding logic for encoding the
data and control messages according to a predetermined set of encoding
parameters, and modulating logic for modulating the encoded data and control
messages according to a predetermined modulation mode. The Transmitter Front
35 End 242 includes logic for transmitting the modulated signals from the
Encoder/Modulator 241 onto the downstream channel 106. More specifically, the
Transmitter Front End 242 includes tuning logic for tuning to a downstream
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predetermined set of decoding parameters to recover data and control messages
20 from the secondary station 104. Both the Receiver Front End 232 and the
Demodulator/Decoder 231 include adjustable parameters, including upstream
‘channel center frequency for the Receiver Front End 232, and modulation mode,
modulation symbol rate, modulation preamble sequence, and decoding
parameters for the Demodulator/Decoder 231,
25 In the preferred embodiment, the primary station 102 includes a
configuration interface 254 through which the adjustable parameters on both the
Receiver Module 230 and the Transmitter Module 240 are configured. The
configuration interface 254 operably couples the MAC Logic 224 to the
Demodutator/Decoder 231, the Receiver Front End 232, the Encoder/Modulator
30 241, and the Transmitter Front End 242. The configuration interface 254 is
preferably a Serial Peripheral Interface (SPI) bus as is known in the art. _
FIG. 9 is a block diagram showing an exemplary secondary station 104 in
accordance with a preferred embodiment of the present invention. The secondary
station 104 includes a User Interface 310 for interfacing with the End User 110.
35 Data transmitted by the End User 110 is received by the User Interface 310 and
stored in a Memory 308. The secondary station 104 also includes a Control
Message Processor 304 that is coupled to the Memory 308. The Control
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20 The present invention may be embodied in other specific forms without
departing from the essence or essential characteristics. The described
embodiments are to be considered in all respects only as illustrative and not
restrictive.

| claim:



opportunity slots. nged to a new backoff w ndow size at
20 parti culwo oop1oe m f “wi ndow si ze does not ZXCTA{PI06144
secondary stations * that eon priorpgo time T. This is because those
secondary stations that contend prior to time T use the previous
b?CKOff wi hdqw si 2emBtHiod 16¢ ‘dffohmr@riwtlal rangieg imdamjunsticn withs contentiomt end
after tinme T use new, back Bﬁ&m!%h‘? mf ore, after
changing to tbﬁc?eﬁéR?qi‘e\%‘qu | ﬁ%)éjé@\ﬂ\ 33"‘ I e the previous
backof f wi ndwmamcmmk,bm@methbﬂmnmsm@me steps GfREVW r angi ng
opportunities foll

must necessarily %@"9% rﬁ@%%@?%’ﬁ %vap %gz”éémwﬁi%fﬁﬁﬁ?bgbmw
| east 5 Pl%li‘éﬂbces@putgomppm&nmaﬂrﬁ@ackﬁﬁVﬂﬂ@@ﬁﬁ!@vrangl ng opportunity
slots are Certéﬁbggtﬁc%ﬁd% it} Son ﬁ%@ﬁ?é@%ﬁref«f#eﬁdf&\bﬁtazrea@éa&nav 30

It should al so be 'ho im

si ze to moha&lnwmﬁsym@ﬁzoutgométusmgaaé@maﬂ %@%&&i" %ﬂ&'ﬁ/gyeff"q

backoff w ndgq péﬁ&ﬁ&r@tbackoﬁﬁﬂr%dvﬁsuﬂécmarI ly less than one request per
rangl ng opportunity sl

permtted to cont r"THiE'Bé quqa‘@ffé&'ﬂgo We'ﬂZSeoga ‘g%&&gsﬁr&t%{dﬁ&g’uccess

out cones lwtgﬁt@ﬂgbﬁbfmmwm@agumgﬁtsmz Is already less 35 than 0. 368
when neasured over the entire sanple wi ndow. Thus, when the backof f

wi ndow size is 512, it would typically be desirable to decrease the backoff
wi ndow si ze and réf@m@ﬂtqﬂoufmlamﬂwﬁerehmency in an attenpt to increase the

of succens. - oulie e SERRTE, B A HEem MR Han sﬁéé@rtbhﬁrﬁgeﬁﬁ@vsésw
neasured over a rel atum’pyldmg rangm cppmée §RF3‘C' lngih 8& SPEOffor t he

measur ed pal yg db@:é?fegorconﬁioﬁw&aﬁﬁrbhonately Iarge resultl ng in an
[ nadvertent i NnCrease o

d
frequency. The incr easéi?uﬂgﬁﬂ {rs{,\pwvélbw gflviléccess oY% ﬁ&%ﬁgﬁﬁ?ﬁé&&?ﬁﬁg&ftﬁn Y
probabi l ity ofangiecassortunitgelats; ander ef ore, when the backof f W ndow

size reaches 512, the bagkofihing RAHsthbbaBitt) SANHIAEs PRSSrhES khifal to the

first number of success outcomes divided by N; and
20 =i the step of taking the second system performance measurement
comprises: '

providing additional ranging opportunities and specifying the second
backoff window size for collision resolution;
skipping a number of ranging opportunity slots at least equal to the
25 first backoff window size;
counting a second number of success outcomes in a second sample
of N ranging opportunity slots; and
determining the second probability of success outcomes equal to the
second number of success outcomes divided by N.
30
3. The method of claim 2 wherein N is a predetermined sample size equai to
twenty (20) ranging opportunity slots.

4, The method of claim 2 wherein the step of determining the third backoff
35 window size comprises:
determining a ratio R having a numerator equal to the second probability of
success outcomes minus the first probability of success outcomes and a
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opportuni tyﬁ??@ﬁgﬁidbv?%izg?ggﬁﬁlas%%} W t ﬂ.erl’w\sjarl ngf'vglﬁlgg\gi sr{%%‘{égué Al

the present hegeeandPackofiwingew $i€8.et of ore. Specifically, the Control Logic
218 30 i1$ncludes logic for processing ranging request nessages and ot her

data and cont rol S s received fromth ecopdary stations 104,
and furt her & ncl ﬂ'hggne{lrl%% ‘%8’3@"8‘? eé%'ﬁé&ﬁtsit%o "?ﬂa@‘fa@%%qn @@%’iﬂr ation
response nepseHgeaancatheasbsment furtbet eompdsesnt r ol nmessages for

transm ssion to ' 4 ' | vi.ded
I nto a Dedi cat ed&:ﬁ@%ﬁﬁ%@%’%ﬁf%}a\gﬂgée %%'P%QEQ/W%?%{H){%H? l:eg?f ﬁlic;gbgﬁ"gl&
and a Shar e@Ppefunily slots;@hdt i s shared by the Control Logic 218 and
MAC Logpg 224 (dgsferiinfiflg Reprovhbilify ofgdrBRDbIGoRRHsFedM t& BHE hBMmber of

TESSAYCS: garbled outcomes divided by N.

_—

7. The method of claim 6 wherein the step of determining the third backoff
window size comprises:

25 determining a ratio R having a numerator equal to the second probability of
success outcomes minus the first probability of success outcomes and a
denominator equal to the second backoff window size minus the first backoff
window size;

sefting the third backoff window size greater than the second backoff
30 window size, if either:
the ratio R is greater than or equal to zero, and the probability of
garbled outcomes is greater than 0.3; or
the probability of garbled outcomes is greater than 0.8; and
setting the third backoff window size less than the second backoff window
35 size otherwise.

8. The method of claim 7 wherein:



17 The Contr the MAC Logic 224 exchange data and-
control WODAHess U EI ! !mm Btructur es (not shown) RGE/USHK/OSHAr ed
Menory 214. Dat a a ceived fromthe secondary
station 104 are stored by the MAC Logl 224 in a Receive Queue in the

Shared Menory 224, |2:Q @rp’ | ettin WM%ﬁaﬁrﬁhasw@zé bﬁéaﬁ‘éﬂﬂfa@ﬂthb%c@naw
(0]

Shar od Nomor pagkalt wied AL siz8chrperias; setting The.pita Ragken WidoLSiEe gabitwice

station 104 aﬁeséb@m@sabkbﬁhmmsmi ah®gi ¢ 218 In a Data Transmit
Queue in the Shar nor 4. The.Cantrol. Logic 218 .Lar e
Recei ve Queue to gg?gfer? ?ﬁn‘fﬁ%&?%@"rﬁm&vﬂ OW; $\e Ie&%ﬁb&ﬁﬁ@eggﬁ?rﬁ%l 10
nmessages ISﬁC aeRoOff Window h&esmpMSy%aﬁag ittan thirtDdackbiffewiid6w._sige eqRakito half
nonitors the C Tra oye tain MAP nessages, ranging response
nmessages, ané Fﬁ@?n£§%§$ﬁw%’éﬂ§é§'for transm ssion to the secondary
stations 104. The MAC Logic 224 nonitors the Data Tr ansmt Queue to
obt ai n dat a r 4.

15 The Sinc NSOt olaf] f WHS el AC PO St MU i Cab)
station NWOTWSESMC(MEG{?)@TQMQ ntl udes MAC Logic 224 that is coupl ed
to a Local Menory 222 and to the Shared Menory 214 by neans of
interface 250. The MAC Logic 224 nonitors the MAC Transmt Queue and
the Data Transmit Queue in the Shared Menory 214. The MAC Logic 224
transmts any queued data and 20 control nessages to Encoder/ Mdul ator 241
of Transmtter Modul e 240 by neans of interface 253. The MAC Logic 224
al so processes the data and control nmessages received fromthe

Recei ver Mbdul e 230 by neans of interface 255. The MAC Logic 224
stores the-received data and control nessages in the Recei ve Queue in
the Shared Menory 214 by neans of interface 250. 25 The Transm tter
Modul e 240 provides an interface to the downstream channel 106 for
transmtting data and control nessages to the secondary stations 104.
The Transmtter Mdule 240 includes a Transmtter Front End 242 that is
operably coupled to the downstream channel 106 and an Encoder/ Modul at or
241. The Encoder/ Modul at or 241 includes |ogic for processing data and
control 30 nessages received fromthe MAC Logic 224 by neans of interface
253. More




specifically, the Enco r 241 includes encoding logic for
encodi ng t hwo 00/0108@lat aﬂm'@gﬁ!m _ uﬂages according to a RCHRIL06HdMed
set of encoding paramnmet o Mdubating logic for nodul ating the
encoded data and control nmessages according to a predeterm ned

modul ati on Fmdﬁ- Aﬁf?pﬂaram?r&dmmfﬁiﬁg ?r&orﬁﬁ#eEndaBléénéﬁnjnm/ﬂasgig@'nj ' Boﬂigﬁl
transmtting the nodul ated si al S rom.t ne . ENC [ ud at or. onto
the downst 1 DITROYARARIPUTJB SRR oBtET forBerormipg FNBAI Fangii i tiwicting
End 242 i nchitties contention‘baged Mediumuhccesst OoatrolgMAE) peotocol in a shared-

18 channel. 10 . y ' | | r.Liltering the
{ransni t { oq Medium e nERtioh HRNFGR! el BSmpltar TeaBebttaGrarsomarshid, 0°, | o
Transmi t Ser cbmputer readallecreg@am instuugtionsjenabling @ gomputer &0 perforroitbelsteps
downst ream %'annel center frequency for the Transmitter Front End 242,

and nodul ati"on node, nodulation 5 synbol rate, and encoding_ paraneters
for the Encoder/ taking atfisst System performance measuremant & obtrin adfirsbprobabiityies

an i nterf aceskGeddis oii rhse%mgaﬁﬂgtbacmmﬁdéwrsizeecei ving, " anong ot her

t hi ngs, data and control nessades fraom secondary stations 104. The
Recei ver Modul e 1aiing agesand sysStesr pedfarmanes meagyrement tosobtaina sesoder abl y

coupl ed1po ashatifmy 'of 3UEEERRBIRLOrMES UBIHE & @edoRd babROM Wih@bW siéegipaint231.
The Recei ver, Front E{1d é%%fcl nﬁl udes_| orcd*/g for recei vi ng nodul at ed
signal s frothdhibe fiyst Packaf wiognw sidg @M\ pr e speci fical |y, t he Recei ver
Front End 2?2 imdbtemﬁnihgra%thi;dItmg:kofffvdndcw][siz’eg?alse@onubemr]staand secongwannel
107 center | ri gic for filtering the receive

nodul at ed sﬁgﬁgﬁi%#ﬂrﬁﬁcﬁo@%&%ﬂﬂgbder 231 includes logic for
processing 15 the filtered nodul ated signals received fromthe Receiver

Front Egg 233. N@hgfa(gparaﬁg%gig%@ﬂdwhe}aﬁ. Denodul at or/ Decoder 231 i ncl udes

denodul ating [ogic . ating the nodul ated signals according to
a predeterm ned NpRiBIeRqfdaking the fift Sysieha PeEoFRAREE MRASUIEBIEN 6RBETIRES he

denodul ated signal s ap¢ésvidihgFah§ing opportupitR@Ecd it 8pE6iH/IE thedfirst Baskbng
paramet ers 10, 465 27 fof aofisiah fesSitios, MeSSages
counting a first number of success outcomes in a first sample of N
20 ranging opportunity slots; and
determining the first probability of success outcomes equal to the
first number of success outcomes divided by N; and
the step of taking the second system performance measurement
comprises: :
25 providing additional ranging opportunities and specifying the second
backoff window size for collision resolution;
skipping a number of ranging opportunity slots at least equal to the
first backoff window size;
counting a second number of success outcomes in a second sample
30 of N ranging opportunity slots; and
determining the second probability of success outcomes equal to the
second number of success outcomes divided by N.

12.  The apparatus of claim 11 wherein N is a predetermined sample size equal
35 totwenty (20) ranging opportunity slots.



20 fromthe secondar oth the Receiver Front End 232 and the’
Denodul at or /WoowdHms: B‘m‘“m ﬂEJ “ﬁt abl e paraneters, includCAfsayesideam
channel - center frequ eeei ver ont End 232, and -nodul ation
node, _nodul ation synbol rate, nodul at | on preanbl e sequence, and

decodi ng 13Par Rl Siarkitfs SHRaiRETPAHeRsiAthOetepsier daimirdig the third| badkolf
preferred enbodl ment, the primary station 102 includes a configuration
i nterface ZSW'Q‘I’Q‘M&&?WERS?%e adj ust abl e paraneters on both the

Recei ver Mbdul e Z%t@cmintnlg% fatio'R havingra Noherato? égual te thersieicgnd gobability of

Demdul at or / BuERRsY oBsomes i i ot B Baiych Sybbbss BtcBmesiand'z, 15 oy o,

30 241, gnd ddmninmequamo tReseco bagkaf window sizei yinugtthe firstrhaskefice 254

S preferag ¥ :i;ﬁSerlal Peripheral Interface (SPI) bus as is known in

the art. OWSI¥S G 9is a block di agram show ng an ex | ar

secondary st ati on setting the third hackeff windaew aizergrealardhan theys %‘Fﬂ?@ﬁpﬁéﬁﬁ of the

present i nve%hagw s ,ﬁ{ﬁtgq.ggﬁw,s&pos,ﬁ\;@%mg aRd includes a User I nterface
r

310 for intertacing w't

ransmtted th End
User 110 is recei \ﬁ@&mg/thqmmgackﬂﬁmd%él@ﬂesgﬁ?ﬁn es%qogp&?qkﬁ M Nﬁ?r‘ffry

308. The jpecqipsnipthatratib RisldAegative vaigé udes a Control Message
Processor 304 that 1s coupled to the Menory 308. The Control
19 Message Processor 304 participates as a MAC User in the MAC

protocol on 14, bEehpparbtudef daich 18 ehetéid: Specifically, the Control
Message Processor

data and control r}égé;&%%gf?%t{cﬁﬁgﬁg{h?rd Wﬁ@ﬁ \g’fﬁ %n é’%ﬁl%natﬂﬁss%g R
Transnitter 3Jetkoffiwintiowsizepcomptisescsrtiing the tinSbanQih\ymdp“ﬂ%liﬁ eqHal eomics|
nessages j@n t{he slégamgggkmw%wggg ange Control Message Processor

304 al so processes rangl ng respo and, ot her

data and control riBesigpef selling \ﬂé%lth‘"ido?ﬁqw ‘ﬁ'lnaﬁﬁ’r%)ze less tg gh%ﬁe‘i@}" by
neans of ReceiatkbiIRdowtizdcompAssy séttivig tos! FRirtibackafbwitidowr siaé 2qual to half

the second backoff window size.

20 15.° The apparatus of claim 11 wherein the step of taking the second system
performance measurement further comprises:
counting a number of garbled outcomes in the second sample of N ranging
opportunity slots; and
determining a probability of garbled outcomes equal to the number of
25 garbled outcomes divided by N.

16. The apparatus of claim 15 wherein the step of determining the third backoff
window size comprises:
determining a ratio R having a numerator equal to the second probability of
30 success outcomes minus the first probability of success outcomes and a
denominator equal to the second backoff window size minus the first backoff
window size;
setting the third backoff window size greater than the second backoff
window size, if either:
35 the ratio R is greater than or equal to zero, and the probability of
garbled outcomes is greater than 0.3; or
the probability of garbled outcomes is greater than 0.8; and
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and control”- nessa es o] channel 106. 10 0

descri bed heWQW g'ﬂ"ﬁmmﬂﬂiwﬂm screte conponents, PCT’UF?P?‘EM“at ed
circuitry, programmabl e ¥ ogi cLuse onj ygction with a progranmmabl e .

| ogi ¢ device such as a Field Progranmabl e te Array (FPGA) or

m croprocessor, settimgy therthird biackoffredmdow sizeuidiss gham thecsedunthbackoff Windoe .

Pr ogr anmabl e be fixed tenporarily or permanently in a

tangi bl e nedﬁﬁﬁgélﬁgﬁeigg a read-only 15 nenory chip, a conputer nenory, a

di sk, or other storage nedium Programmabl e 1 ogic can also be fixed in
a conputer d Si qﬁ}? rrier wave, allow ng the

pr ogr ammabl ea'lt7gg| (;ﬁ‘{éaé ﬂt?’ﬁ-‘ %where@f]‘ I nterface such as

conput er Bus or cd!ne@tan:@fcseitm thenthind bagkoffowindounhsiza igreates thansthe second
I ntended to f@dckommcg«étskz% écgﬁﬁﬂség sélif fig & BIF bhERTirIow Sfe equal to twice

present inventlon I n ot r specific forns w thout
departing frdheEAE0 QEMWF"%ﬁ’Eﬁ @M characteristics. The descri bed

errt)odl ment s are ! tQh@%téi’D@ESé{ﬁrﬁgfﬂwé thn@' Backefhwiridewosize less thahuhe setbre and
no res

perforning i rh%'if‘aff window size W@Uﬂﬁ%ﬁ%% the fwfdabeﬂfﬂféwmd&w s|ztehe(2&§i ngh If

Medi um Adoesshé&setomnd babkel) windowosige. i n a shar ed- nedi um conmuni cati on
network, the nethod conprising the steps of: taking a first
system perfor mance measurenent to obtain a first probability 5 of success

out comes usi rif.a fTihesapparetusfof claindddwdierein the MAC protoaah s a@ﬁld‘hmedtmﬁable

system perform@({,‘wJ Qﬂr@ t Q%b in a second probability of
success out comes ﬁ(sgﬁg a econJ lﬁac o?f wi ndow si ze different t han t he
first backoff w ndow size; and determning a third backoff

wi ndow sijze brred TR AgtrarhtusSdf ciith $6 WhdFeihtheSotThSiiteP RS ddUb@ BE ram
measur enents. comprises:
computer readable program code means for taking the first system
performance measurement to obtain the first probability of success outcomes
using the first backoff window size;

20 computer readable program code means for taking the second system
performance measurement to obtain the second probability of success outcomes
using the second backoff window size different than the first backoff window size;
and

computer readable program code means for determining the third backoff

25 window size based on the first and second system performance measurements.



Tné'nethod of claim1l wherein: the step of taking the first
5t et per f orW@#8810asur enent conpri ses: pPETIUEPIRS144

g opportunities and specifying the first backoff 15 mnndow15|ze f or

C | sion resol ution; couptd ng a first nunber of success
ffcones in a first sanple of N rangi ng-opportunity slots; and
determning the first probabilit uccess outcones equal to the

{lrst nunber of success outcong
aki ng the second system per,

provi di ng additional rangi fg
backof f w ndow size for chll8ision
punber of rangi ng opportunit
W ndow si ze

&d by N, and 20 the step of
pAsuUr enent conpri ses:

ﬂISECf nunber of success o(t cones
port slots and

| n a second sanple of

determ ning the second prob 668 S0 ‘ to the
second nunber of success outjcor ToN ded_ by &1 ?6 3. Hhe nmet Hod of
claim2 wherein N is a predgtermrmed—sanp si|ze eqﬁal tg twenty (20)
angi ng opportunity slots. he

4. 1 t hod claim?2 vm§ﬂ§2r1t
step of determning the thirld backoff 35 mﬁndo é@ip comri sgs:*¥"'N
determning a ratio R having a nunerat or edual i t he sedan nfobability of
success out conmes ninus the flirst probabi I[SEGONBARYycgesSERONDARNS and |a
STATION STATION
) !

Y /

: 110 110
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y [ 406
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denom nator equal to the second backoff w ndow size minus the first backoff
wi ndow si ze; WO 00/01080 setting the third backoff wi ndow si zZRCHPE®R(06H4t han
t he second backof f wi ndow size, if the ratio Ris a positive val ue;
and 5 N setting the third backoff mngﬁQM/size | ess than the second
backof f w ndow size, if the ratio R negati ve val ue. 5.

The nmethod of claim4 wherein: the step of setting the third
backof f wi ndow size greater than the second 10 backoff w ndow size
conprises setting the third backoff w ndow size equal to tw ce t he
second backoff w ndow si ze; and the step of setting the third
backof f wi ndow size | ¢¢8) than the second backof f wi ndow size conprises
setting the third backdff w ndowksi ze equal to half t he second backof f
wi ndow si ze. 15 6. The netthod of claim 2 wherein the step of taking
the second system 0.368 asurenent further conprises:

counting a nunber of garble in the second sanple of N ranging
opportunity slots; and |20 \Ning a probability of garbled

out cones equal to the i
7. The met hod of - cl ai
backof f W ndow si z
a nunerator equal to 't

6 wher ein the step\of determning the thi}d
conprisgs: 25 1 ni i
second probability of

success out conmes m nus
denom nator equal to
W ndow si ze;

t he second backoff wn
setting the third back
w ndow size, if either: the ratiao Ris greal®
equal to zero, and the brobablllﬂy of gar bl ed out COnes i s greater Ghan

F/G. 2

P(S)
A

—

0.368—

P(S)<0.368

—fm e —— — o — — —

SCl - = - -



the probability of garbled outcones is greater than 0.8; and "
setting the Wﬁi@’@l%gckoff wi ndow size | ess than the second bREXAISLIVEIMIOW
35 size otherw se. 8. The met hod of claim 7 wherein: :
the step of setting the third backoff w ndow size greater than the second
backof f wi ndow size conprises setting the 6 rd backoff wi ndow si ze equal
to tw ce t he second backoff w ndow size; and the step of
setting the third backoff w ndow size |ess than the second 5 backoff

W ndow si ze conprises setting the third gacko swsi ze equal to hal f
t he second backoff w ndow si ze. 9. hod of claim 1l wherein the
MAC protocol is a Miultinedia Cable ef-we System (MCNS) protocol .

10. An apparatus conprising a conputer usabl e nmedi um havi ng egtﬁl& ed
therein a conputer readable programfor perfforming initial ranging in

conj uncti on with a contPROVIDENRANGENG! OPRORTUNITAES eNd Skeegrel (MAC)
protocol in a sharedp THE FIRSTABAGKOEP rWINDOW 281ZE T ORe COXLTRION: RESOEOTION! ©

readabl e program co CONPUT e T eadapteprogranr ristrouctT
enabling a conputer to performthe steps ' /506

COUNT NUMBER OF SUCCESS OUTCOMES IN A FIRST SAMPLE
WINDOW AND DETERMINE A FIRST PROBABILITY OF SUCCESS OUTCOMES

{’ ' (508
PROVIDE ADDITIONAL RANGING OPPORTUNITIES AND SPECIFY
THE SECOND BACKOFF WINDOW SIZE FOR COLLISION RESOLUTION

510
L

—

Y
SKIP A NUMBER OF RANGING OPPORTUNITY SLOTS AT
LEAST EQUAL TO THE FIRST BACKOFF WINDOW SIZE

‘ /512

COUNT NUMBER OF SUCCESS QUTCOMES IN A SECOND SAMPLE WINDOW
AND DETERMINE THE SECOND PROBABILITY OF SUCCESS OUTCOMES

‘ /514

CALCULATE THE RATIO R BASED ON THE FIRST AND SECOND SAMPLE PROBABILITY
OF SUCCESS OUTCOMES AND THE FIRST AND SECOND BACKOFF WINDOW SIZES

v /516

SET THE NEW BACKOFF WINDOW SIZE GREATER THAN THE SECOND
BACKOFF_WINDOW SIZE, IF THE RATIO R IS A POSITIVE VALUE

’ /518

SET THE NEW BACKOFF WINDOW SIZE LESS THAN THE SECOND
BACKOFF WINDOW SIZE, IF THE RATIO R IS A NEGITIVE VALUE

599

Y
END

FIG. 5



«

of: - taking a first system perfornmance nmeasurenent Il n a
first probabWVPiopAI080 ~ of syuccess outcones using a first bacl&#fmgmgzog?)‘%

si ze; - taki ng a second system performance neasurenent to obtain
a second 10 probability of success outcorr@6usi ng a second backoff w ndow
size different than the first backoff w ndow size; and

determ ning a third backoff w ndow siz he first and second

syst em performance neasurenents. 15 %r tus of claim10

wher ei n: the step of takin | f st 9§tem per for mance

measur enent conpri ses: di ng rangi ng op@go4t uni ties
and specifying the first backoff w ndpw si ze for colligion resolution;

counting a first ngwber—et e =€ - te—of—h 20
i i 'PROVIDE RANGING "OPPORTUNITIES f -
brobabi 1§ Ly of sud ei'gﬁ(’ffias%c:mfa.mapw IR RN dest 1t

outcones divided by N, and the| step of taking the secongpgystem
per f or mance measur enment conprises: 25y provi di g

additional rangi ng coBRPTNUMBER (OF SSUECESS BFCONESTEN AN FIRSTCORMPLE WINDOWC O f
w ndow si ze for coll ANy ETERAENE THE FIRST PROBABILITY OF SUCCESS<OUPCOMES2 fpurber

of rangi ng oppor t tt+ty—stot-s—at—reast—eoua—to tie— rst—ackoff .
W ndow si ze; counting a kecond nunber of success/o6080mes
in a second sarrpl e 30 of Nranaina onnort¥inity slots:

| %nrl
deternining the sefon8R IBBaADDI'rIOFQJbeRMlGB&QBPGRIUw&E& AMGUSRECTRY t hq
second nunber of s|ictHesSEGOND cRAGKEFFIiWINDRW SIYE NfOR COLLISION RESOLUTIONOAr at us of
claim1l wherein N1s a predeterm ned sanple size equal 35 to tvvengyo(ZO)
rangi ng opportunity slots. - Y {

SKIP A NUMBER OF RANGING OPPORTUNITY SLOTS AT
LEAST EQUAL TO THE FIRST BACKOFF WINDOW SIZE

Y 4

COUNT NUMBER OF SUCCESS QUTCOMES AND NUMBER OF GARBLED OUTCOMES
IN A SECOND SAMPLE WINDOW, AND DETERMINE A SECOND PROBABILITY OF
SUCCESS OUTCOMES AND A PROBABILITY OF GARBLED OUTCOMES

612

14
! (°

CALCULATE THE RATIO R BASED ON THE FIRST AND SECOND PROBABILITY OF
SUCCESS OUTCOMES AND THE FIRST AND SECOND BACKOFF WINDOW SIZES

616
Y 4

SET THE NEW BACKOFF WINDOW SIZE GREATER THAN THE SECOND BACKOFF
WINDOW SIZE, IF EITHER THE RATIO R IS GREATER THAN OR EQUAL
TO ZERO AND THE PROBABILITY OF GARBLED OUTCOMES IS GREATER THAN 0.3,
OR THE PROBABILITY OF GARABLED OUTCOMES IS GREATER THAN 0.8

/618

Y

SET THE NEW BACKOFF WINDOW SIZE EQUAL TO THE
SECOND BACKOFF WINDOW SIZE OTHERWISE

Y
END

699
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13. _The apparatus of claim 11l wherein the step of determning the third
backof f wolebo@¥o Si ze conpri ses: determ ni ng apepiusédddidaavi ng
a nunerator equal to the second probability of success outcomes m nus
the first probability of success out congsg and a 5 denom nator equal to the
second backoff w ndow size mnus the first backoff w ndow si ze,

setting the third backoff w ndow size greate han t he second backof f
wi ndow size, if the ratio Ris a positliMARVdl ue; ?% setting
the third backoff w ndow size |ess than tyhe secon ackof f w ndow 10 si ze,

if the ratio Ris a negative.vdlu Ne Japparatus of claim13
wher ei n: the step of sgwf-rllr%h&%f(}wpﬁd ckof yo4v ndow si ze

greater than the second backof f AR ARy 5gi ze ¢ nprises setting the
third backoff w ndow size equalf to t _n t he sgqcond backoff w ndow
size; and : the steplal setiine The thirdg backoff w ndow size

| ess than_the second backoff w ndo i ze conprises setting the third
backof f V\h ndow si ze equal to half t lye second backoff w ndow size. 20

15. The japparatus of 4l al ILn_the step of taking tjhe~second systlem
per f or mance measur emen %ﬁéi’ﬁ%ﬁ%&mm OPPORTUNUE%Emti ndP& nunber |of

n
gar bl ed olutcomes in the¢ seggn apgpl&sof N rangi _en OPHortunity slots;
and det er mni n%ﬁacalﬁgogggﬁ ty of gar%&t{}i tcones equal to the

gégrwa.. g 15

nunber off 25 garbled qutc _ 'by N. THEN & Thg appar at us of
claim 15 mherein the step g Sfgoigy ng the thi-’J;_‘éNb@_,cggoff w ndow sijze
conpri ses det qrnmmng__asz’at o R hav[iH@g fubiunerfat or equal to
the second probability{of If CURR W==16, THEN F=10
' 7/
SKIP PREV_W RANGING OPPORTUNITIES 08
y —
PREV_PS-CURR_PS 710
¥
COUNT NUMBER OF SUCCESS AND GARBLED OUTCOMES IN 712
N SAMPLE SLOTS AND CALCULATE CURR PS AND PG

714

PREV_W=512

718 & CURR W-5122

NO 716
{ CALCULATE R]

720

PREV_W=CURR_W
722 | CURR W=CURR W/2| L NO

(OOEAPO03
-(PG>0.(B)); )

YES / 724

PREV_W=CURR_W
CURR W=CURR Ws2
STARTING WINDOW SIZE=2 |

728

ENDING WINDOW SIZE=256 F=5
CURR_W>=87?
] 799
nl s 732

CURR_W=512

ot

Y
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30 success outconmes mnus the first probability of success outcones and a
denomi nat or WRA%P108% t he second backoff wi ndow size minus t h€CTTYSEPOH44 kof f

W ndow ‘si ze; setting the third backoff w ndow size greater than
t he second. backof f W ndow si ze, if ei r: 35 the ratio
R is greater than or equal to zero, and th& probability of ~ garbl ed

outcones i s great tram 03O tireprobabr Tty —of—
gar bl ed outconeslis MOBULEt P20 0.8; and ADAPTER MODULEe2¥0i ng t he
third backoff w fdgw size less than t second bgckoff w ndow Si)z
ot her wi se. The apparatus of |clai m 16 her i MEMORY 212 tlh
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An  apparatus  and
method for an adaptive initial
ranging scheme. The scheme
(Fig. 4) takes a fist and
second system performance
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measurement using a first
(404) and a second (406)
backoff window size. The

TAKE A FIRST SYSTEM PERFORMANCE MEASUREMENT

scheme then determines a
third (408) backoff window
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size based on the above
measurements (408),  The
scheme (Fig, 5) first provides
ranging opportunities and

TAKE A SECOND SYSTEM PERFORMANCE MEASUREMENT
USING A FIRST BACKOFF WINDOW SIZE
DIFFERENT THAN THE FIRST BACKOFF WINDOW

specifies a first  backoff
window size for collision
resolution  (504),  counts
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a firsst number of success
outcomes in a first sample of

DETERMINE A THIRD BACKOFF WINDOW SIZE BASED ON
THE FIRST AND SECOND SYSTEM PERFORMANCE MEASUREMENTS

ranging opportunity slots, and
determines a first probability
of success outcomes
(506). The scheme then
provides additional ranging
opportunities and specifies a
second backoff window size
for collision resolution (508),

skips a number of ranging opportunity slots at least equal to the first backoff window size (510), counts a second number of success
outcomes in a second sample of ranging opportunity slots, determines a second probability of success outcomes (512), determines a ratio R
having a numerator equal to the second probability of success outcomes minus the first probability of success outcomes and a denominator
equal to the second backoff window size minus the first backoff window size (514), and selects a third backoff window size based on at

least the ratio R (516, S18).
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