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INVENTION 1. Field of the Invention This invention relates to traffic
managenentWoR20Eduni cati ons systens. Mre specifically, PCRIUSOIZ$&Nt i on
rel ates to managenent of access charnel traffic in a communications system
2. Background and Related Art A conmuni cations system conprises a

communi cations network and. a 10 set of nodes that communicate with the
net wor k. The communi cations |inks between the network and the nodes may be
wired and/or wireless. The network may al so comuni cate with ot her

net wor ks, such that a node na comuni cate with an entity wthin the
network, with andiMfeFEMaM Do ANI3 ARPARBADUS FONB/ ACGESS an entity
and/ or a node on another_network. 15 One exanple of a comunicati ons
network is a | ocal - ar eaGEHADINEL TRMFF NAGEMENT may i ncl ude a
set of servers and the individual. nodes may include workstations,

personal conputers, and/or peripheral devices such as storage units and
printers. Another exanple of a Eommni cations network is a wireless

network for cellular commPAERGE PHORNEHE INVCENGIEEN K nay i ncl ude a set

of base stations and adm nistrative units (such as nobile service
controllers (MSCs) and | ocation registers) and the individual nodes nay be

mobil e unityg tha MP‘} with the base stations over a radiolink, A
nmobi | e unit “may gé’?g ce e&?}a?l?l t el ephone, a wireless nodem rating device,

"or a wireless |ocal
5 This invention relates to traffic management in communications systcms.

More specifically, this invention relates to management of access channel traffic

in a communications system.

2. Background and Related Art

A communications system comprises a communications network and a

10  set of nodes that communicate with the network. The communications links
between the network and the nodes may be wired and/or wireless. The
network may also communicate with other networks, such that a node may
communicate with an entity within the network, with another node connected

to the network, and/or with an entity and/or a node on another network.

15 One example of a communications network is a local-area network
(LAN), where the network may include a set of servers and the individual
nodes may include workstations, personal computers, and/or peripheral
devices such as storage units and printers. Another example of a
communications network is a wireless network for cellular communications,

20  where the network may include a set of base stations and administrative units
(such as mobile service controllers (MSCs) and location registers) and the
individual nodes may be mobile units that communicate with the base stations
over a radiolink. A mobile unit may be a cellular telephone, a wireless modem
‘connected to a computer or other data-generating device, or a wireless local |

25 loop (WLL) station. Through the base stations, the mobile units may



connected to a conputer or other data-gene 25 | oop (WL) stati on ﬁmaugwm
the base styghiyopfsgthe nobile units may 24 DtL2Li WO 02! 0181

PCTI USQOl / 20607 conmuni cate with each other and/or with devi EEE/Uéﬁ’l/z"GQJt her
networ ks such as the Internet and/ or the public sw tched tel ephone
network (PSTN). As shown in FIGURE 1, a nunber of nodes 100 may transinit
information to a network 200 over a compn channel 2:50. In. a local-area
network, for 5 exarrple several wor kst ati ons or personal conputers nay

attenpt to send inf on 0.,1he network. acraoss the sane Ethernet
Connect i on. _femaRurgate arth Geh AEhe At SeIvELo e BRm AT RS OREVASKE TSR 28

cel | ul artel RNRR:EY SEM: (R HRIER ERHIANE BIIGhOraTI access Lo e

network at t acces uest's ove mon access
channel (e.g. according to an 10 ALOHA scherre). When transm ssions fromtwo

or nore users areAseheiveie HIGURBe, oatnek ofyietet 160 saferatainalfoainatibe
sane tinme, a data collision may result whi ch prevents any of the

transni ssi onto Aregieek iflr eve 7 epnomonedtanyel R50a Incarser]wene metwhek, for
collidin transm si ons st ,be retransmtte r,Eﬁratel until each one

has been ec%’f%ﬂ €cSFY orlﬁsﬁg}cggyo; rp@lr%)é‘ﬁ iehe MAY AP iy send
causing syst ﬁﬂ"bﬂﬁé I to It{‘le IS 688 LR Bs R aﬁp@oj%gwlefr{&%%&ﬁ N er sfﬁtéﬁlz_ﬁ ed

link to recelve OI’I’TB. Ion regarding a I S1on as occurs or a

typi cal nodefort nwnﬁlm itifdlgssovemnnaunich e Sssudhnks Hawtiviedr, tdlgsiimgisitbtem,
i nformati on concerning current channel use may be obtained only indirectly

from the net $®iekal twrm@oettemmd@rgamf“@cmtuoma retwark ol thy samhmbysm y

in the ne atlv such as
g dmg access requests over a common access channel (e.g. according to an

10 ALOHA scheme). When transmissions from two or more users are received by
the network over the same channel at the same time, a data collision may result,
which prevents any of the transmissions from being received correctly. As a
consequence, the colliding transmissions must be retransmitted separately until
each one has been received correctly, thereby increasing channel traffic and

15  causing system delays.

It is possible for a node transmitting over a wired link to receive
information regarding a data collision as it occurs. For a typical node
transmitting over a wireless link, however, meaningful information concerning
current channel use may be obtained only indirectly from the network.

20  Moreover, such information is typically received only in the negative, such as in
the form of a timeout (i.e., a fajlure to receive acknowledgement of the
transmission within a specified time period). Due at least in part to this
feedback delay, data collisions caused by channel overuse become even more

costly in wireless systems.

25 Systems using ALOHA schemes are particularly susceptible to data
collisions. This susceptibility may be reduced somewhat by implementing a
slotted ALOHA scheme instead. Under a slotted ALOHA scheme, time is
divided into a series of adjacent and non-overlapping slots, and the nodes are

constrained to begin transmissions only at slot boundaries.



the formof a tinmeout (be., a failure to receive acknow edgenent of the
transmission within a specified tine period). Due at |east in parf 4ti3(thss
f eedback del ay, data collisions caused by channel overuse beconme even nore
costly it WO®HEY systens. 25 Systens usi ng ALOHA schenes BAITeU9&R460¢ Ul ar | y
susceptible to data collisions. This susceptibility may be reduced
sonewhat by inplenenting a slotted ALOHA schene instead. Under a slotted
ALOHA' schene, tine is divided into a series of adjacent and

non- over |l appi ng slots, and the nodes are “constrained to begin transm ssion
only at slot boundaries. e. 2'. w >(,20014 W(002/01810 K17 US01/ 20607 It
may be desirabl e Eorsypberdesimebiade suppodi itessagrs berbfferenoviengths eomen

channel. In a slotted AL syste exanple, it nmay be desjrable to
suppor t mss%@mﬁ@ye‘ §]&§@H]a‘ii§%% SFUPT EoLpRTaDlesit cRAR DRI Y i on
i ncreases th i ; S [NINN! .
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may use only during slots it has reserved in advance. I'n the I'S-2000 CD ,

A syst em5 f omceeaepiveth masdagedemgthe | i nk- enhanced access channel may be
designated to be either a basic access channel 10 (i.e., slotted ALOHA) or

a reserved access.channel . FIGURE 2 shows a bl ock diagram of an exenplary
system having a b38F @lisERaiiee ihaniaplens RPN RSB TRL o8 rErRE)
272h on the [ [k i e iapl j.n er vat.l :
access chann{é(;%ggﬂ! ?lﬁ‘la[{r{gl’egv é nggilﬁlg?{\%éf 0 cgﬁ'ﬁggi %%gsognﬂ?ﬁg?&g%anﬁrell ,

negotiation gdvdilie. r daetvatisarn00 CDMA system, for example, each- reverse link
| enhanced access channel may be designated to be either a basic access channel

10 (ie., slotted ALOHA) or a reserved access channel. FIGURE 2 shows a block

diagram of an exemplary system having a basic access channel 252a and a

reserved access channel 252b on the reverse link.

While implementing a reservation mode on an access channel eliminates

the possibility of collisions on that channel, negotiation of the reservation

15 creates delays and extra channel traffic. Additionally, a node must then wait
for its reserved slot(s) to arrive. Therefore, it is desirable to transmit as many
messages as possible using a basic access channel. At the same time, it is
desirable to manage traffic between several access channels (e.g., between

channels 252a and 252b in FIGURE 2) in such a way as to minimize delays.

20

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a block diagram of a communications system;

FIGURE 2 is a block diagram of a communications system having a basic

access channel and a reserved access channel on the reverse link;

25 FIGURE 3 is a block diagram of a system according to an embodiment of

the invention;



1.5 creates delays and extra channel traffic. Additionally, a node nust
then wait for its reserved slot(s) to arrive. 'T herefore, it is dgsijtabijée
to transmt as many nessages as possi ble using a basic access channel. At
the same t WRU241B10i s  desirable to manage traffic between. REVEIMO@Ecess
channel s (e.g., between channels 252a and 252b in FIGURE 2) in such a way
as to mnimze delays. 20 BRIEF DESCRI PTION OF THE DRAWNGS FIGURE | is a
bl ock di agram of a common cations system; FIGURE 2 is a bl ock diagrans of
a comuni cati ons system having a basic atcess channel and. a reserved
access channel on the reverse link; 27 FIGURE 3 is a block diagramof a
syst em accor di ng Fi&BREehnisedblvektiagrathef a systemi axording it 206mboidndht/of 1 8
10 PC TJUS01129607 4 FIGURE 4 is a block diagramof a systemaccording to
an enbodi mentRedRVEREFVi nvention; Fi QU E 413 is a bl ock diagramof a system
according to an enbodi ment of the invention; 5 FIGURE 5 is a flow chart

f hod ' ' f i i on: 6
low chart for o NeE Srcor BTSSR shayeiineCiioig abbrtladintelid R

7 is a. flowmhanhvédtiord met hod according to an enbodi nent of 1.0 the
i nvention;

5 FIGURE 5 is a flow chart for a method according to an embodiment of

the invention;

FIGURE 6'is a flow chart for a method according to an embodiment of

the invention;

FIGURE7 is a flow chart for a method according to an embodiment of

10  the invention;

FIGURE 8 is a flow chart for a method according to an embodiment of

the invention; and

FIGURE 9 shows a block diagram for an apparatus according to an

embodiment of the invention.

15

DETAILED DESCRIPTION OF THE INVENTION

FIGURE 3 shows a system 50 according to an embodiment of the
invention wherein node interface transmitter 220 of network 210 transmits
parameters for distributed control to nodes 110 over a forward link channel 260.

20 In an exemplary implementation of system 50, nodes 110 are mobile units of a
cellular telephone system, and node interface transmitter 220 is a base station of
the central telephone system or a portion thereof, which transmits the
parameters for distributed control over a control channel such as a paging

channel.



FIGURE 8 is a flow chart for a nethod according to an enbodi nent of the
i‘nvention; and FIGJURE 9 shows a bl ock diagram for an apparatus acc r[pb[@c;\qu
an enbodi W&'Bz/(%mt he invention. 15 DETAI LED DESCRI PTI ON OF 0I ENTI

FI GURE 3 shows a system 50 according to an enboclianent of RGIE"SHU8At i on
wherein node interface transmtter 220 of network 210 transmts paraneters
fo - distributed control to nodes 110 over a forward |ink channel 260. 20
in an exenplary inplementation of system 30, nodes 110 are nobile units of
a cellular tel ephone system and node interface transmtter 220 is a base

Cransmits the  parGidRE: & FEPVE SVHRUE O GOTPONE dporaSEDRRRITt BhdfRel
such a5 a PagialoRAPABE] noddh 16 frClahni LORMLBLO, BRTA M 20807, ) G

shows a system according to an e i ment I nvention where nodes

110 transm t ne@ssaPE9 dveriedr ddaésrdanael 22 otefes@3@daiccessehnond 526, amer
basi ¢ access channel 252a or reserved access channel 252b. In an exenplary

i npl ement at i ¥ exeyplarys iBplementationy sydtamsa?0 anded) vyverlapdt mutasokld 2and,
Wi th node. interface ansmitter 220 and receiver bej ng .port, .of the
same base stﬁ‘fw o?i({)'_rém at 1%*5556%.6@%@%{0% i Irgﬁk%r ?E?ig%g
each ”essagegér)lxtﬁééﬁacﬂsmet Srh@bR&! YAkikn ﬁalfotraﬁsc@%? 2%%.'5?% Qhégn in FIGURE

i npl enent at i ooses to transmt the nessage over er basic ‘access

channel 252a4B). r Beeremeth atses®e dhanmenits25@metwigke21()i s e ¢20i i migide at

least 10 in part according to the paraneters for distributed control.
implementation chooses to transmit the message over either basic access
channel 252a or reserved access channel 252b, where this choice is made at least

10  in part according to the parameters for distributed control.

FIGURE 5 shows a method according to an embodiment of the invention

that may be performed by a node interface transmitter 220 as shown in FIGURE

3. In task P110, node interface transmitter 220 receives reverse link channel
observation information (i.e. information that relates to a current or recent state

15  of reverse link channel 252a and/or 252b). This information may be received
from node interface receiver 230 or, more generally, from a receiver portion of a
transceiver 225 that includes node interface transmitter 220, although neither
system 50 nor the method of FIGURE 4 are limited to such a configuration. The
reverse link channel observation information may indicate, for example,

20  whether reverse link channel 252a was idle during the most recent slot period,

or was in collision, or successfully conveyed message data to network 210.

In task P130, parameters for distributed cont'ro'lqare computed based at
least in part on the channel observation information. This task may be
performed by node interface transmitter 220 or by another part of network 210.

25 The parameters for distributed control may include one or more distribution
parameters (relating to decisions such as whether to transmit messages over
reverse link channel 252a or 252b) and/or one or more persistence parameters
(relating to decisions such as if and when to initiate retransmission of messages.

whose transmissions were unsuccessful, e.g. due to collision). In task P140, the



FIGURE 5 shows a nmethod according to an enbodi nent of the invention that
may be perforned by a node interface transmtter 220 as shown in FI QUREEE?JUA
In task P110, node interface transmtter 220 receives reverse |ink channe
observati oW% #¥Y¥Wation (i.e. information that relates to PEUFFHRP603
recent state 15 of reverse link channel 2,52a and./or 252h). This

informati on may be received fromnode interface receiver 230 or, nore
generally, froma receiver portion of a ranscei ver 225 that includes node
interface transmtter 220, although neither system 50 nor the nethod of
FIGURE 4 are |imted to such_a configuration. The reverse |ink channel
observati on PHPEMELS 60F FRSITIDHERE goairol Rrecianpmitted degh e ar foraxasds inki nk
channel 252a V%ﬁ’é%gé@ during the nost recent slot period, or was in

col i sion, o?h fully conveyed nessage data to network 21.0. In task
P130, paraneters for distributed control are conputed based at |east in
part on the channelGuUREe] MaWwoR rhethelREbRANg thia d18SkaBmBEdinR& H Srped.
by node interface transmtter 220 or by another part of network 210. 25 The
par anet er s f mvedtienr ilhutgld Pedhof dhis mesthodg b uhenoelemodehisr epdatetirdtieddt an

paranmeters (relating to decisions such as whether tQ transmt nessages over
reverse Iqs nkPRIK AfRRIding 29 é’}e 9}5@5)9? é’i’éﬁ’a’fat’&ﬁ‘e"{}?r%?‘én-pe?@?sm@ﬁé% may Be

parameters (fgl. .e'eigv&i&\jger%éié e ade b AR hilteR B0 GE ilifin! Bhd

. % at Sart of
retransni ssi on of Mmessages oSe Transm ssi ons wgre unsuccesstlfl'luk,epe.g. due

to col lisi onhetwdiktBOK T4 P138 ti2e Bavaiietdrsfor HistVBudledHiBAIH RCehbidinlled

1/ 20607, 6 Paraneters for distributed control are transmtted. (e.dg. over
forward | i nkbasetauhedst 26t oFl BERP I teh owe weel meeddd according to an
al ternate enbodi nent of the invention. In task P120 of this nethod, a

channel nodel is Mﬁ% gl%ovlvs? gsptarljgular implementation of the method of FIGURE
10 6. In task P112, a value is determined for a state € of channel 252a during the

most recent slot (denoted as slot i, where a first slot in a sequence is designated
as slot 0). In this implementation, state € may have a value of +1 (indicating a
successful reception of message data during slot i), —1 (indicating a data

collision during slot i), or 0 (indicating that channel 252a was idle during slot 7).

15 In task P122, the value of € is used to update a model for channel 252a
during the next slot in time (denoted as slot (i + 1)). In a particular
implementation, this model includes a backlog value n,,, and a channel activity
estimate A,,. Backlog value n relates to backlogged messages (i.e., messages
that were involved in collisions and have yet to be successfully retransmitted).

20 In an exemplary implementation, the backlog value n,, represents the number

i+l
of nodes having backlogged messages during slot (i + 1) and is expressed as

follows:



5 part according to the channel observation information. This nodel may be
mai ntai ned within node interface transmtter 220 or w thin another pattQEof;
network 210. In task P1322, the paraneters for distributed control are
conputed WRIEH'™Y |east in part on the updated channel noBEFUSEYEHRE 7
shows a particular inplenmentation of the nethod of FIGURE 10 6. In task
P112, a value is determned for a state F. of channel 252a during the nost
recent slot (denoted as slot i, where a t;rst slot in a sequence is
designated as slot 0). In this inplenentation, state r nmay have a val ue of
+1 (indicating a successful reception of nessage data during slot i), -1.
(indicating a data collisionradking slot t), or O (indicating that

channel 252a was idle during slot a).[ 15 In task P122, the value of a is
used to update a nodel for chmiel 252a dyring the next slot in tine
(denoted as slot (i 1)). In a particuyl ar—#pl esentigti on, this nodel

i ncl udes a backl og value n" |, and a han%éﬂxactivity estimate Xh. Backl og
value n relates to backl ogged nessages (i.e., nmessages that were involved
in collisions and have yet to be_sucgessfully retransmtted). 20 In. an
exenpl ary i npl enent ati on, the"baéﬁlﬁg vaJ@e n,,,ngpFesents t he nunber of
nodes havi ng backl ogged nessages duriing slot (1 + 1) and is expressed as
‘follows: LL ,!(fw U LL WO 02,141810 PCT%}lS49i2060-1 Ilto =0, a A., +a &
Ut ira’ e=-1

e

S

where A; is a channel activity estimate (described below) for slot i and a is a
factor used to adjust retransmission probability b (also described below). It may
be demonstrated that choosing a value of 1 -2, for the parameter o will
5 optimize the average delay. In this case, the expression above may be rewritten

as

A -1, e=+1

[}

n,=n+ 0, =0

2392-4, e=-1

It will generally be desirable to constrain backlog value n to have a non-

negative value.

10 Task P122 also includes calculation of a value A that provides an estimate
of the activity over channel 252a. In an exemplary implementation, the value
A, is calculated as the normalized sum of backlog value 7, a history &, and an

initial value A

1
A = l+—1 [”."+1 +h + 4, ]/
15  where the history I, is maintained as the running total of slots (up to and

including slot 7) where reception was successful (i.e., in which € equaled +1). If

a is chosen to have the value 1 —A, then the limit of A as i increases will be



where X is a channel activity estinmate (described below) for slot i azgg ?c
s a factor used to adjust retransm ssion probability b (al so descri dEL 2004
below). It may be. denonstrated that choosing a value of i -X, for the
paraneter &L %P1 5 optinmize the average delay. In this ca&&/U§HR0607
expressi on above may be rewitten as A - 1, = +11r +r+ wra+ + 0, U .
2.392%;, s=-1 It will generally be desirable to constrain backl og val ue x
to have a non- negative value. 10 Task P122 al so includes cal cul ation of a
value 1. that provides an estimate of the activity over channel 252a. In

an exenplary inplenentation, the value n,;,_is calculated as the

normal i zed se@iENdsd alerstdy Yandd- niherefoseing vritable choiee far initialtvadye Yaise.
X0; 1.5 wh t hi st L i,nt.ai ned th i t.otal of slot
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for initial value X, is 0.5 However, the initial value choice is not too
i nport antS i nfindiwleask) fasuderss theahirl galue A gpodsres@rgogver ge qui ckly in
operation. If the nethod. is to be restarted '(i.e. the value of i is to

be reset to zero), it be desirable to store the final, value of A for
use as the, initi% t%%2x"ﬂle§&ﬁj<f%@§fitme TRAUESIRZTEL AhaTHAERA DG and
channel valu bt A@ ; Co e gecl
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threshold L. a succes
- transmission of a message oi length 1 slot may be denoted as P(S5|1). In an
i

exemplary implementation, it is assumed that node interface receiver 230
10  regards each slot individually as busy or free, independently of its observation
of other slots, and that the probability of a successful transmission of a message

of length N slots P(S|N) may therefore be expressed as:
P(SIN) = P(S|1)".

It is also assumed that the number of new users in a slot (i.e., users who are
15 transmitting fresh and not backlogged messages) follows a Poisson distribution
with parameter A:
e—/l
P(p new users transmitting) = A? — -
D:
Further, the number of users transmitting backlogged messages in a slot is

assumed ‘to be distributed as follows:

20 p(g backlogged users transmitting) = (n) a-u)"?,
q

where 7 is the backlog value for the slot and b is a probability of retransmission
(discussed below). Therefore, it can be seen that P(S|1) will be related to the

following event:

P(0 backlogged users and 1 new user transmitting)= e (1 — b)" .



transm ssion. of a nessage of length 1 slot may be denoted as P(S11). In an
exenplary inplenentation, it is assunmed that node interface receiver 280 &,
regards ea‘&g g)ost i ndividually as busy or free, i ndependentli/ of its
observati on® "8P™dher slots, and that the probability of aPCUYEELEYY
transm ssion of a nmessage of length Nslots P(S i) may therefore be
expressed as; It is also assuned that the nunber of new users in a slot
(i.e., users who are 15 transmtting fre§h and not backl ogged nessages)
foll ows a Poisson distribution wth paraneter XX | e P(p new users

t itti =A" p9 t , th nb f t itting. backl d
roesages. | nARGINIA FRAT LG BOBE @ & FGeBRb R ehAaIal sRadliets SuB B g
backl d 1t i = ' , . L8 1
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Ther ef or e, idggﬁﬂﬂc karseen)t bat hikeStHe fdﬂdwmg;%)gﬁb@ti&d féxotk{fe?ﬁr_ob{aiﬁmt?%fgﬁ

event: P(O b ogged users and | new user t mtting)-
P.-ELChl  \W\BGub&seid tanBalsdiSObf 2 atgage Alldngth dskhhannel quality factor Qto
account for channel conditions such as fading and shadowi ng (where Q may
have a fixed value such as 499 or a »

5 P(S|1) =" (1-b)"Q.

A minimum bound d on the probability of successful transmission of a message
over reverse link channel 252a is chosen as a system parameter. A threshold L
which indicates the maximum length of a message whose probability of being

successfully transmitted satisfies the minimum bound d may be expressed as:

10 L< ——-log(d) .
log(P(S|1)

In an exemplary implementation, the message length threshold L is expressed

as follows:

L= ceil log(d) ] _
n;,, -logd—b) -1, +log(Q)

Retransmission probability b may be expressed in terms of L and other

15 parameters described above as follows:

b = min 2 -min ,B,i 0.5,
L+1 R

where parameter 8 may be assigned the value 0.5. Alternatively, a value of (1 -

(A/2) —)) may be chosen for parameter B in order to maximize the probability
of a successful transmission when there is one backlogged user (i.e. when 1, =
20 1). In this expression, the term 2/(L + 1) is a scale factor that accounts for the
average length of messages permitted on the channel to which L relates (i.e. (L +

1)/2).



dynamic value <_ 1), we have the follow ng expression for the probability
of a successful transmission of a message of length | slot: 5 P(S19) BEB2004
a(l-b) 2. A nmninmumbound d on the probability of successful. transm ssion
of a messali@ 24P reverse |ink channel 252a is chosen as ZCIYEVEA60T
paranmeter. A threshold L which indicates the maxi num | ength of a nessage
whose probability of being successfully transmtted satisfies the m nimum
bound d may be expressed as: 10 L ; Iog(ﬁé log(P(S 11) In an exenplary

i mpl ement ati on, the nessage Iength threshold I. is expressed as follows:
log(d ) log(i. t3) ' ~t~+E i- % Q1 Retransm ssion probablllt b may be
expressed in ter eoﬁss_ur%maom 9155 m&m@ﬁ deseihaskab 95@\,1@"@5 een

foll b— | b d th | .
Lot one: O g ke YA, RO B RBLRR 0,0

I's order to BNkt H?“F}ﬁgll?%debtxﬁag%aﬁgé %‘E&ééﬁ ‘é'cnvé ra%'&ls ma%aversta\!agn

there is one backl ogged user hi s expressi on,
the term 2/apld/ior dhyi eni@r scﬁllmxfemhersytshm a(tnomrmeré (Bltatid”le)r avregteeg aed
| ength of messages permtted on the channel to which L relates (i.e. (L, +
1)/2), 5 environment, it may not be necessary to estimate such quantities as backlog or
channel activity, as more or less exact values may be available. Additionally,
other assumptions may provide better estimates under different conditions (e.g.
an environment in which activity by more than one node is correlated with

some event).

10 With respect to the criterion of minimizing average delay, it can be
demonstrated that the choice of L and b as described above is optimal. For a
particular application, however, it may be desirable to achieve optimization
with respect to maximum throughput instead. In an alternative

implementation, L may be expressed as follows:

15 - L =ceil log(d) + VJ ,
n,, -logl—b)-4,, +log(Q)

where V is a correction value expressed as follows:

2, D <0.05
1.5, 0.05<£D<0.1
0.75, 0.1<D<0.15

0 otherwise

and D is a reverse link load estimate (calculated before L is updated) that is

expressed as follows:

24,

20 D i+1 WAX

L*+L

’
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assunptions, nodels, and estinmates described above have been. found fPUEEZUUL

correspond wehbowié h the conditions of a dynam ¢ communi cat ;,eqlﬁj_s‘,m% 7

environment, in which nodes may change between active and inactive states
and/ or may enter or |eave the system In a nore static or constrained 5
environnent, it nmay not be necessary to estimate such quantities as backl og
or channel activity, as nore or |ess exatt values nmay be avail abl e.
Additionally, other assunptions may provide better estinmates under

different congdidreons, (€s%a nARimARYimesFeat lér{%twf"ioﬁ hs@eéinvidly DWHIRY ehidran
one node is correlatéd wth sone event). 10 th respect to the criterion

of m ni mi zi ngmplenenfetidel wgldsia higher Bbrowghmrisitr mndd to avbduke lakgsratelays |,
owever . 1t #y+ae Masy ogbiicrRirolHiosvacn peldh i FoRuHEphoreapeerit B max
.sum throughput instead. In an alternative inplenmentation, L may be .
AR e I A e e T,
5 ftransmitted (e.g. to nodes 110). Note that tasks P112, P122, P232, and P242 need
not be performed with the same frequency, although it will usually be desirable
to perform each succeeding task no more frequently than the task it follows.
For example, it may be desirable to perform task P112 at each slot in order to
maintain an accurate history of the channel. At the same time, it may be
10  desirable to perform task P242 less frequently (e.g. only every 25 slots or so, or
only in response to a prede.termined event) in order to minimize channel

overhead. It may also be desirable to perform different parts of task P242 at

different intervals (e.g. to update parameters L and b at different frequencies).

In the implementations described above, a single value for L and for b is

15 transmitted by node interface transmitter 230 to all nodes 110. In alternative
implementations, the expressions presented above may be changed to allow
different values of L and/or b to bé transmitted to different subsets of the nodes

110. Alternatively, a node 110 may apply a factor such that the node uses an
altered version of the received value of L and/or b in its channel selection

20  decision, where such factor may be known to network 210 and may be fixed or

dynamic.

FIGURE 8 shows a flow chart for a method according to an embodiment
of the invention that may be performed by a node 110 within system 60. In task
P210, the length in slots of a message to be transmitted is received. In task P220,

25  this length is tested against a message length threshold L that may be computed
within network 210 and transmitted to node 110 as described above. If the test
fails (i.e. the length is greater than the threshold), then the message is

transmitted over a reserved access channel (e.g. channel 252b) in task P230.



2, D<0.05 1.5, 0.05< 11e0.3. 0.75, ().1 n~D<0.15 0 otherwise and L)
i's a reverse link load estimate (calcul ated before L is updated) that (f$ 200
expressed ws: 20 VO 02/01R1* 11 24'JEC ZzOQ( where

maxi mum rregi%gzgd }Yg)ngt h of system 60. Wiile this inplenent Igl'f(i:TéHS'i/' 2&1?0&8 a

hi gher throughput, it tends to produce | onger delays as well. Many other
tradeof fs between delay and. throughput are also possible. In task P242,

di stribution paranmeter L and persistence paraneter b are 5 transmtted
(e.g. to nodes 110). Note that tasks P112, P122, P232 and P242 need not be

per for med Wi 4 46eSAE hE8IUENCHanaLiRHEDe § ph {olac A e T ARS

to performe succe |ng no nor e requen

follows. Fop5XEyanpdsk, PA40. may he desirable to perform task P112 at each
slot in. order to maintain an accurate history of the channel. At the sane
time, it may be 10 desirable to performtask P242 less frequently (e.qg.
only every 25 sl ol an)ladsT@OWlﬁdgemﬂrsﬁ tpdhﬁe@’pmsm of pskdB246) isi reseivedeint )

in order to over head | so he desira
perform di 1 PERAREOSaFt S Agmealioinag. hen HPRELTEE RICOrVARE ot geporsd
update pay angd ffifovks. afiflidlkaioed! b reh&H AiSHHPNGE SSbctelTréiCa bRRY gﬁ{gfré I ons
descri bed ag%t{/e a si ng}e val ge for ‘ré for bélgs ce5 t(rr)ans tte node
interface tremge tiretasR300f meahhm’m@de'as Tbthpdrad abtepesidteecd paiaenset (ﬁ gons,
t he expressions presented above nay be changed to all ow
retransmission probability b) ‘that is from the same predetermined range and
that may be computed within network 210 and transmitted to node 110 as
described above. If the test succeeds (e.g. r>b), then retransmission is |
10 performed in task P220. Otherwise, another value for random number r is
selected in task P260, and the test of task P270 is repeated for the next slot.
Many other persistence processes may be supported by methods according to

alternative embodiments of the invention.

FIGURE 9 shows a block diagram for a node 110 according to an

15 embodiment of the invention. Receiver 410 receives parameters for distributed
control (e.g. from network 210) which may include one or more distribution
parameters and/or persistence parameters. In an exemplary implementation,

the parameters include threshold L and probability b as described above.

Processor 420 receives a characteristic of a message (e.g. the length of the

20 message in slots) and outputs a choice to transmitter 430, where the choice
depends on a relation between the characteristic and a distribution parameter

(e.g. L). According to the choice, transmitter 430 transmits the message over
basic access channel 252a or reserved access channel 252b. For example, the
choice may indicate transmission over reserved access channel 252b if the

25 message length is greater than L, and transmission over basic access channel

252a otherwise.

If no acknowledgement of a transmission over basic access channel 252a

is received, processor 420 generates a random number for comparison with a



different values of L and/or b to be transmtted to different subs%é@tgiz[‘m*
t he nodes wblQi81Al ternatively, a node 110 may apply a facpotr/usugheihat the
node uses an altered version of the received value of L and/or b in its
channel sel ection 20 decision, where such factor nay be known to network
210 and may be fixed or dynamc. FIGURE 8 shows a flow chart for a nethod
according to an enbodi ment of the :invenion that naybe performed by a
node 110 within system60. In task P210, the length in slots of a nessage
to be transnpérstbrice paeamietezdecdined askree@ized 4125Depeisdihgngt theirasulesf gds

agai nst a nessage length threshold L that nmay _be conputed w thin network
210 and tran@HPRBEPT PTACRFEOTI 4 HYYdase? feeamalben 430 tofrefiaasinéisihe megspge

i.e. the | h., h he.th hol h i
ransn ted Gdb if hEERNEn LARRLERCid MERSP Shn The Mo RulBRs ifrhden.
P230. 24 CGE_duidhde, &b 1408 10 REFikes ld?l@ﬂ?&%%n%éu?\%rﬂcﬁ ?clepéagég g}ie

nessage is transmtted over a basic access channe channe ) in

task P240. |dompamskneftbedgeaitebie delayHe.gt damsvy gei nextadott pekod)24As iroted
received in task P250 (e.g. if_a. timeout occurs), then a persistence
process nay ﬁ@vﬁerméﬁ‘]ﬁe%&_ﬁr RETPIGIINSRSPTQCRSSEP aB1R YPDE OSURP AT ESH BYA ﬁBHB’@t’f“$ S
sel ected froa{pcgr&}hgqgtaﬁ%marh?% eé{‘g&?lz?‘?rgg& ﬁ?éﬁn%@gn t he nunber r is conpared

to a persistence paraneter nsm ssi on p?obabl ity bb) that is
-fromthe sanme predeterm ned range and that may be. conputed w thin network

210, and transni t Bk firepoitg, fredéntation @€ 3¢ dbadilbioMabodimdteid psividet eeeds
(e.g. r->1Db), then retransm ssion is 10 perfornmed in task P220. O herwi se,

anot her val wenabtg ananpemspnusided rinj the ad| ecmake ar tuse kthe2p®senin thwansionest
of task 1'(:))270Vzi;1r8101gse @Sg&%%a&c%s ttgethne%)e(:terrsdagéﬁnents are possible, and the generic
principles presented herein may be applied to other embodiments as well. For
example, the invention may be implemented in part or in whole as a hard-wired
circuit or as a circuit configuration fabricated into an application-specific
integrated circuit or field-programmable gate array. Likewise, the invention
15 may be implemented in part or in whole as a firmware program loaded or
fabricated into non-volatile storage (such as read-only memory or flash
memory) as machine-readable code, such code being instructions executable by
an array of logic elements such as a microprocessor or other digital signal

processing unit.

20 Further, the invention may be implemented in part or in whole as a
software program loaded as machine-readable code from or into a data storage
medium such as a magnetic, optical, magnetooptical, or phase-changé disk or
disk drive; a semiconductor memory; or a printed bar code. Thus, the present
invention is not intended to be limited to the embodiments shown above but

25  rather is to be accorded the widest scope consistent with the principles and

novel features disclosed in any fashion herein.

WHAT IS CLAIMED IS:



Many outer persistence processes may be supported by nethods according to
alternative enmbodi nents of the invention.. FIGURE 9 shows a bl ock diagiamiii
for a node 110 according to an 15 enbodi nent of the invention. Receiver
410 receives paraneters for distributed control (e.g. fromnetwork 210)

whi ch may include one or nore distribution paraneters and/or persistence
paraneters. In an exenplary inplenentation, the paraneters include
threshold L and probability b as descri bed above. Processor 420 receives a
characteristic of a nmessage (e.g. the length. of the 20 nessage in slots)
and outputs a choice to transmtter 4384 where the choi ce depends on a
relation between the characteristic and a distribution paraneter (e.g. L).
According to the choice, transnitterCB30MSransmts the nessage over basic
access channel 252a or reserved access channel 252b. For exanple, the
choice may indicate transm ssion over reserved access channel 2521,E if the
25 message length is greater than L, and transm ssion over basic access
channel  2p2a of hefdde8mpliking0 acknow edgenent of a transm ssion over basic
access channel 252x. is received, processor 420 generates a random nunber
for conparison widfl, cl?anﬂel%'ﬁk%%tio\ﬁ\%f%ﬂéﬁo‘hg 9 PCT' !'t;S01124i 607 13

persi stence paraneter received via recelver 410. Depending on the result of
this conpariso .0ce 420 may_cause.transmtter 430 to retransmt the
message (or o, CPRHEE FORRG R pEE e o Bl P e e D sp SRl

par aneter). erw se, processor 420 gener ates another random nunber and
repeats th ng%gﬁﬁhWﬂ?Bﬁgé?ﬁéﬁmgwgéﬁﬁagpﬂlHgF59“@é?§q during the next slot
period). As noted above, many ot her persistence grocesses may be supported
by apparatus transmitting said at least one parameter for distributed control,

wherein said at least one parameter for distributed control includes at least one
distribution parameter,
wherein said distribution parameter relates to distributing traffic among at least a

basic access channel and a reserved access channel.

2. The method according to claim 1, wherein said channel observation information

relates at least in part to activity on said basic access channel.

3. The method according to claim 1, wherein a time dimension of said basic access
channel is divided into a series of adjacent and nonoverlapping slots, and
wherein said channel observation information relates at least in part to activity on

said basic access channel during a predetermined one of said slots.

4. The method according to claim 1, wherein said at least one parameter for

distributed control includes at least one distribution parameter,



according to alternative enbodi nents of the invention. The foregoing
presentation of the describe. enbodinments is provided to enable arfy, per ggn
skilled in the art to make or use the present invention. 10 Vari ous
nodi fi cations to these enbodi nents are possible, and the generic

princi ples presented herein may be applied to other enbodi nents as well.
For exanple, the invention may be inplenented in part or in whole as a
hard-wired circuit or as a circuit configuration fabricated into an.
application-specific integrated circuit or field-progranmable gate array.
Li kew se, the invention. 15 may be inﬁﬂ'hented in part or in whole as a
firmvare program | oaded or fabricated into aeon-volatile storage (such as
read-only nmenory or flash nenory)) as machi ne-readabl e code, such code
bei ng instructions executable by an array of logic elenments such as a

mi croprocessor vdreran lsaid adlilepist ele distthuaion parguessictdesunia rest2iotigiuon kreffic t he
invention may be inplenented in part or in whole as a software program

| oaded as ovechi bicr gacabilanoddenid resmicioni teing Basdditad Skpiragat ofbdédssme such
as a magnetic, optical, magnetooptica, or phase-change disk or disk drive;
a sem condggdtpr menory; or a printed bar code. Thus, the present invention
is not intended to be [imted to the enbodi nents shown above but 25 rather
is to be accorded the w dest scope consistent with the principles and

novel features disclosed in any fashion herein. WHAT IS CLAIMED |I'S: 24 DEC
20N -14 CLA VS fhe fofiBh "R RAPTS LU 1, SRELN Bl SRARE! orROSSINEL! 95

i nf ormati on;

distributed control includes at least one persistence parameter,

wherein said persistence paramter relates to retransmission of messages.

6. A node interface transmitter configured and arranged to transmit at least one
parameter for distributed control to at least one among a plurality of nodes,
wherein said at least one parameter for distributed control is based at least in part
on channel observation information, and includes at least one distribution parameter,
wherein said distribution parameter relates to distributing traffic among at least a

basic access channel and a reserved access channel.

7. The node interface transmitter according to claim 6, wherein said channel

observation information relates at least in part to activity on said basic access channel.

8. The node interface transmitter according to claim 6, wherein a time dimension of
said basic access channel is divided into a series of adjacent and nonoverlapping slots,

and



conputing at |east one paraneter for distributed control, said conputing
being based at least in part on said channel observation infornatkﬁn;%ﬁﬂ%
transmtting said at | east one paraneter for distributed control, ér 200k
said at | east one paraneter for distributed control includes at |east one
di stribution paraneter, wherein said distribution paranmeter relates to
distributing traffic anong at |east a basic access channel and a reserved
access channel. Z. The nethod according to claim1, wherein said channel
observation information relates at least in part to activity on said basic
access channel. 3. The nethod according®to claim1. wherein a tine

di rensi on of said basic access channel is divided into a series of

adj acent and nonoverl appi ng slots, and wherein said channel observation
information relates at least in part to activity on said basic access
channel duri ng vehepeiedat eharinakecbservetiaf infaindtied elges o leatha pratthackivageor di ng
to claiml1, wherein said at | east one paraneter for distributed contro

i ncl udes ahid eRtac@Recilinaélldulibg h BredPBFIAAES Sfe of2ailliski2 U014 wherein said at

| east one distribution paraneter relates to a restriction on traffic over
a basic access channel, said restriction being based at |east in part on
nmessage |ength. 5. The nmet hod according to claim1, wherein said at |east
one parameger o ;i h{eh@&t G RRd L ox’dl;—@ {3985 %, lvﬁgﬁ% ONF PR Gleence
par anmet er,” ‘wherei n sai efsistencé para rela G T &t'T &nsiii sslon of
messages. erface tter con red and arranged to
transnit a‘farﬁrléeégrtfdb‘?‘fét” Pist SHREe rmc?‘iﬂg] S g 153t ‘lﬁf{ ggggtmq%qmqg at | east one
anong a plurality of nodes, wherein said at | east one paraneter for

di stri but ed coﬁi’l?eé?m isaidips dcagt one digabptiqmpasampster giptesHarmspirishak Py Seftisn

information, and includes at | east one distribution paraneter,
over a basic access channel, said restriction based at least in part on message length

10.  The node interface transmitter according to claim §, wherein said at least one
parameter for distributed control includes at least one persistence parameter,

wherein said persistence parameter relates to retransmission of messages.

11. A system comprising:

a node interface transmitter configured and arranged to transmit at least one
parameter for distributed control to at least one among a plurality of nodes; and

a node interface receiver configured and arranged to receive messages from at
least one among the plurality of nodes over at least a basic access channel,

wherein said at least one parameter for distributed control is based at least in part
on channel observation information, and

wherein said channel observation information relates at least in part to said basic

access channel.



wherein said distribution paraneter relates to distributing traffic anong
at | east a basic access channel and a reserved access channel. The ??%%CZWL
interface transmtter according to claim6, wherein said channel
observation information relates at "east in part to activity on said basic
access channel. 8. The node interface transmtter according to claim®6,
wherein a tinme dinension of said basic access channel is divided into a
series of adjacent and nonoverl apping slots, and 74 GEC2L'' 04 -16 wherein
sai d channel observation information relates at least in part to activity
on said basic access channel during a'g edeterm ned one of said slots. 9.
The node interface transmtter according to claim®6, wherein said at |east
one paraneter for distributed control includes at |east one distribution
paranmeter, wherein said at | east one distribution paraneter relates to a
restricti ol on Theafystetn aosceding tbadhion décedsrephandedt, legdi eher pgametet ifon based
at least in part on nessage length. 10, The node interface transmtter
accor di ng digribhtad vorfirol Wlekides it 1sat cheadistti@®in parsenetggar anet er for di stri buted
control includes at | east one persistence paraneter, wherein said

persi stence paraigedif saidedigtiBetidnopdrethétan ft&StoCdstibutidEe SHE A$nony at leadt SYSt em
conprising: a node interface transmtter configured and arranged to

transm t agaldﬁa@fetacwa@chaaﬁél%@ta%seafaaawe%ahhmed control . to at |east one
anong a plurality of nodes; and a node interface receiver configured and

arranged to receive nessages fromat |east one anong the plurality of
nodes over at | east a basic access channel, wherein said at | east one

par anmet er ng tributed ontro ased. at . ast a annel
bservat 1 of1 nf DEEE B i edh Slur o 20 e cirsaishSieniy s aitos S RrrdRint | on
relates at |east in part to said basjc

relates at least in part to activity on said basic access channel.

14.  The system according to claim 12, wherein a time dimension of said basic access
channel is divided into a series of adjacent and nonoverlapping slots, and
wherein said channel observation information relates at least in part to activity on

said basic access channel during a predetermined one of said slots.

15.  The system according to claim 11, wherein said at least one parameter for
distributed control includes at least one distribution parameter,

wherein said at least one distribution parameter relates to a restriction on traffic
over said basic access channel, said restriction being based at least in part on message

length.

16.  The system according to claim 11, wherein said at least one parameter for

distributed control includes at least one persistence parameter,



access channel. L4 utL400a 12, The system according, to claim 11, wherein
said at | east one paraneter for distributed control includes at Ieagﬁlﬁﬁd%A
di stribution paranmeter, wherein said distribution paraneter relates to
distributing traffic anong at | east said basic access channel and a
reserved access channel. 13. The system according to claim 12, wherein said
channel observation information relates at least in part to activity on
sai d basic access channel. 14. The system according to claim 12, wherein a
time dinmension of said basic access channel is divided into a series of

adj acent and nonover | appi ng slots, andlfwerein said channel observation
information relates at least in part to activity on said basic access
channel during a predeternm ned one of said slots. 15. The system accordi ng
to claim1l, wherein said at | east one paraneter for distributed control

i ncl udes at | eaglier@neaidpsisisiched payamer ralaests es transhags@inrofwadsshgad. | east one
distribution paraneter relates to a restriction on traffic over said basic
access channel, said restriction being based at |least in part on nessage

| ength. 16. The system according to claim 11, wherein said at |east one

paranmeter for di sifHoAYbE! ﬁﬁﬁ?thl includes at | east one persistence
paraneter, 2 4 DF" C;t;4 -1f- wherein said persistence paraneter rel ates

to transm ssi .Onre&fiviﬁ%'il??g,?&ne di&ﬁbutﬁm{%ﬁaﬁfeq?rcorm” sing: receiving at |east

one distribution pa recei vi east one characteristic of a

nessage, .. . L.
9 receiving at least one characteristic of a message;

choosing one among at least a basic access channel and a reserved access channel,
said choosing being based at least in part on a relation between said at least one
characteristic and said at least one distribution parameter;

transmitting said message over said chosen channel.

18.  The method according to claim 17, wherein said at least one characteristic relates

to at least a length of said message.

19.  The method according to claim 17, said method further comprising:
receiving at least one persistence parameter; and
retransmitting said message,
wherein said retransmitting occurs at least in part according to said at least one

persistence parameter.

20.  The method according to claim 19, said method further comprising generating at

least one random number,



choosi ng one anong at | east a basic access channel and a reserved access
channel, said choosing being based at least in part on a relatiowlﬁﬁggﬁﬁp
said at | east one characteristic and said at |east one distributio
paranmeter; transmtting said nessage over said chosen channel. 18. The

met hod according to claim 17, wherein said at | east one characteristic
relates to at least a |length of said nessage. 19. The nethod according to
claim17, said nmethod further conprising: receiving at |east one

persi stence paraneter; and retransmttipng said nessage, wherein said
retransmtting occurs at least in part daccording to said at |east one

persi stence paraneter. 20. The nethod according to claim 19, said nethod
further conprising generating at |east one random nunber. 9-1 wherein said
retransmitting occurs at least in part according to a relation between said
at. |east one rvdrgomsaidngonsantingedcdrsat l4asbistpasnepudisg $¢ encletiqpabeawesner . 21.
An apparatus conprising: a transmtter configured and arranged to transm t
a nmessage sauen l@seonemnigmenuniiss bod sddgdsschameadstant pamameeser ved access
channel ; a receiver configured and arranged to receive at |east one

di stribution paraneter; and a processor configured and -arranged to receive
at | east one characteristic of a nessage., wherein said processor is

further confi gwethrandisabhrggg. to choose one anpbng at |east said basic
access channel and said reserved access channel, said choice based at

| east in part %gﬁlsﬁl%étéoﬂﬂgg% WRE Arillel Blirah§AR s ARG BV ATHE Hhidhy G and

said at | east

basic access channel and a reserved access channel,

a receiver configured and arranged to receive at least one distribution parameter;
and

a processor configured and arranged to receive at least one characteristic of a
message,

wherein said processor is further configured and arranged to choose one among at
least said basic access channel and said reserved access channel, said choice based at
least in part on a relation between said at least one characteristic and said at least one
distribution parameter, and

wherein said transmitter is further configured and arranged to transmit said

message at least in part according to said choice.

22, The apparatus according to claim 21, wherein said at least one characteristic

relates to at least a length of said message.



di stributicm paraneter, and wherein said transmtter is further confiég)ﬂfqgm
and arranged to transmt said rri.esNage at ieast, in part according to
sai d choice, The apparatus according to claim 21, wherein said at | east
one characteristic relates to at least a |length of said nessage. 24 tel:
2004 23. The apparatus according to claim 21, wherein said receiver is
further configured and arranged to receive at |east one persistence
paranter; and wherein said processor iZ further configured and arranged to
cause said transmtter to retransnit &%id nmessage at |least is part
according to said at | east one persistence paraneter. 24. The apparatus
according to claim23, said processor being further configured and
arranged to generate at |east one random nunber, wherein said processor is
further cacdfi gdhedppaatuapecondjeg ta elasmdbevieeid saidrraepsvarts &nrthencondigpeedsmi t
sai d nessage at "east in part according to a relation between said at

| east one andadarped tnizecivandeamaout @rsistams pammeerpardsi st ence par anet er.

wherein said processor is further configured and arranged to cause said
transmitter to retransmit said message at least in part according to said at least one

persistence parameter.

24.  The apparatus according to claim 23, said processor being further configured and
arranged to generate at least one random number,

wherein said processor is further configured and arranged to cause said
transmitter to retransmit said message at least in part according to a relation between said

at least one random number and said at least one persistence parameter.



