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units are sent in accordance with a protocol governing the
communication. It may noted that the data units receive
15 different names in the context of different protocols, such
as packets, frames, etc., where the term "data unit" shall be
! used generically for the purpose of the foiloWing

description.

20 In order to ensure the reliable transmission of data, many
protocols provide the feature of data unit retransmission.
More specifically, data unit retransmission means that the
correct receipt of a data unit by the receiver in a
communication is acknowledged with an appropriate

25 acknowledgment message that the receiver sends back to the

. sender. -Once an acknowledgment-has.been received by the
“sender, i£ céﬁ'éﬁptopfiafeiydcdhﬁinﬁe'Seﬁding'further'dafé
units, or if no acknowledgment or a non-acknowledgment
message .is received, then the data unit that was not

30 correctly received by the receiver can be retransmitted.

A feature that typically accompanies data unit retransmission
is that of a retransmission time-out. This feature means that

the sender in a communication will only wait for a



predeterm ned period of time for an acknow edgnent nessage,
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time-out period should be determined depending on t

"called round trip time RTT, i. e. the time that pas
15 Dbetween the sending of a data unit and the receipt

acknowledgment for said data unit.

Time-Out = £ (RTT) (1)

| s explaingdh/fp Protdcol Fhife! | IHSLT gLAEraYOLEYT 1t 1RO REALOERAY

he so-
ses

of an

"ty W

20 Namely, if a connection is "distant”" (i. e. long RTT), then

the time-out period must be set longer than for a "
connection (i. e. short RTT). In this context, it i

clear that the time-out period should be set as lon

close”
s also

g as

necessary and as short as possible, because a time-out period

25 that is set too long leads to unnecessary delays in

transmission.

the

The measured values of RTT may vary strongly over short

periods of time, due to a plurality of factors, such as

30 traffic conditions on the network transporting the data

units, delayed acknowledgment mechanisms, etc. . In order to

overcome this problem, it was suggested to introduc

e a

smoothed estimator for the roundtrip time. This is explained

e. g. in "TCP/IP Illustrated, Volume 1" The Protoco
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1s" by W.



Is WD 01/13587 PCT/ EPO0O/ 07556 Ri chard Stevens, Section 21.3, Addison

Vsl ey 19@%118s87. rst  net hod of determ ning an RTT esti naPCI/ERS8758the’
following equation 5 SRTT+- a SRTT+ (1 -a) RTT (2) where SRTT represents
t he snoot hed estimator, RTT represents the nonentarily measured round-trip
time value, and a is a weight or snoothening factor having a recomrended
val ue of ROcbagd Shevenset fedtéoni Rardr BRTLsOn Wesdieat! 188%.y A st new

measur enent . of RTT I .The_va <D . t % new
estimate W?tngn?ghgngg@?Eﬁgee?ﬁi#g?egsgﬁgg%%igﬁgéségﬁﬁn %%4¥§N

measur enegualien793 (RFC = Request for Comments) recommended setting the
so-called retransm ssion 15 tine-out value RTO as RTO.= SRTT (3 (3) where
RTO is the specific termused in connection with TCP 20 for the above
described ti nme-out | od, _an [ further | ght factgr, also
referred to as a dé#ﬁ@ifarganggi adfo&%--ﬁ#?h aRﬁgtonnendeéa&alue of 2. The
above described approach to the calculation of RTO has a 25 problemin

that it cannot keeE up with wide fluctuations in the RTI. This leads to
unnecessakperet EBREn¥sprefentRathge BPPENEC e SShd MEHRF t iRFfs HEPLE SRS or k.

An i nprov nt was, therefore suages _+Whi ch .not Ly t 2an
val ue int ggga@egﬁm:aﬁﬁﬁyaf“?gsgﬁe togl%t%ot%?pgl&%clﬁgyﬁ’h%%g%g}r c?e 30
devi at i onyekhhitS o¥eBhbeRAEniAgt FAcERIV BaRdSly BY r@cdithdditvaliuee of -
cal cul ation of the standard deviation would be preferred, but this would

requi¥@® tRe9calfbel smpokhed sghdredomSRIT dquapdiatest SURTIYLITFIRS 5 &8 abl y
avoi ded. %Qhéukgﬁgﬁttgfta&T E%lﬁgMngT@EPRﬁﬁﬁﬁg 0.9 means that 90 % of

each new estimate is from the previous estimate, and 10 % is

from the new measurement. RFC 793 (RFC = Request for
Comments) recommended'setting the so-called retransmission -

1s time-out value RTO as
RTO = SRTT - B {3)

where RTO is the specific term used in connection with TCP

20 for the above described time-out period, and B is a further
weight factor, also referred to as a delay variance factor,

with a recommended value of 2.

The above described_approach to the éélculation of RTO has a
25 problem in that it cannot keep up with wide fluctuations in
the RTT. This leads to unnecessary retransmissions that
deteriorate the conditions in a network. An improvement was
therefdre suggésted, which not only takes the mean value into

account but also attempts to keep track of the standard

30 deviation. It is mentioned in the above book by Stevens that
" the calculation of the standard deviation would be preferred,
but this would require the calculation of squares and a
square roéﬁ, which is preferably avoided. This leads to the

following approach:

13



3 WO 01/ 13587 PCT/EPOO 07556 D = RTT - SRTT (4) SRIT F- SRTT + g A (5) 5
RTTVAR F-WRPHMR7+ h . (1 AA - RTTVAR) (6) RTO = SRTT + 4 RCTBEROQTEG 10
where RTT again represents the nmeasured round-trip tinme value, SRTT the
snoot hed round-trip time estimator, RTTVAR the estimator for the mean
deviation, RTO the retransm ssion tinme-out value, g a first weight factor,
and h a second weight factor. These weight factors g and h are al so
referred 15 to as gy @,Rﬂnd_tg}@%.yal ue of g is set to 0,125 whereas the
value of h is set to 0,25. The above descri bed approach of eguations (4) to
(7) has been in place for over ten years. 20 Object of the invention The
obj ect of the present_invention is to provide an inproved system of data
transmission for a BRE i SRIFats@ t’tgr 25 inpl enenting a pk®dtocol that
providgs a retransm ssion tine- out.feature. Summary of the invention 30
This object is solved by making the determ nation of a paraneter
associated wth the REtVENSE RITYAR +H18 O(JITA f.eqi-yf@AR;e. g. (Fgl')O) nor e

flexi ble and nore adaptive. 4 WO 01/ 13587 PCT/ EPO0/ 07556 According to a
first aspect described in claim1l and 33, the calculation of a nean

devi ation val ue (e. RTT, above) i% agrforned such that the
contribution of the sur guny-~ RTTVA (7)

10 where RTT again represents the measured round-trip time
' value, SRTT the smoothed round-trip time estimator, RTTVAR
the estimator for the mean deviation, RTO the retransmission
time-out value, g a first weight factor, and h a second
weight factor. These weight factors g and h are also referred
15 to as gains, and the value of g is set to 0,125 whereas the

value of h is set to 0,25.

The above described approach of equations (4) to (7) has been
_ in place for over ten years.
20

Object of the invention

The object of the present invention is to provide an improved

system of data transmission for a data unit transmitter

25 implementing a protocol that provides a retransmission time-

out  feature.

Summary of the invention

30 This object is solved by making the deterﬁination of a
parameter associated with the retransmission time-out feature

(e. g. RTO) more flexible and more adaptive.



trip time value (e. g. RIT above) to said nean deviation 5 value is

di ff er enwo 61713587 neasured round-trip tine value is snal | PCTIBPAHOTES6
threshold that is determned on the basis of the stored snoot hed
round-trip time value (SRTT above), than if the neasured round-trip tine

value is larger than said, threshold. 10 Accordi.ng to a preferre
enbodi menBccPRAENghERsRoFd LSS agRECt d§sardhed j& Gladm I rﬁeﬂ the

round-tri | €nfl I I f e @hove RERpEe Mowuatd ons
(4) to (7?a§ﬁg§a¥g?gf8$r§dﬁgg ogfﬁgﬁggﬁgéﬁglihaﬁ RTTVAR 1's caIcJ?ated 15
di f f er ent pgrEormaedgsuche thadt phei cont nibukdorofofA then madsuredyroundtan be

avoi ded that a decreasing val ue th asured .rpund-trip .t will |ead
to an incFEaBetiRet F{éi“Fet(Fangm g(&iTo.%ﬂv%\g- gﬁﬁ sﬁdv‘gﬁbﬁa& _dg%&ae{?on

speci fg cakbhyueass gh@iferbatex® aheethdasvieididount-tie asiond ptd e af s
preferred 20 enbodi ments, the fact that above equation (6) incorporates
the absol emalygrushgn A theasholdaithatydesr dedisrpipad enpfthrPRIRrPk srrT)
has the s ' I f V., i | val f RTT
(RTT > SR, SRBEEN Shonthell m e e AL PP Mt
of 25 inchi€ashegmEBaGuried tromnidadirdp 4iRETWVAR wutiseilghrgathdaHactaaid of SRTT
I n above equatjon (7). This absolutely undesired effect, which was
recognizeHhE?spﬁédpresent i nventor, can be avoided by the above descri bed
genergy nethod of claim1. 30 In accordance with a second aspect of the

present invention described in clains 11 and 34, the weight factors (e.g.
g, h andAcherdpagi tioc af RrederseseRRPOdIMEPAR ithisyFAbesiqin )i &dualade
vari able gver. tie., This feat L ' t IHg= out
paranepergfthS.g%+8£a8§9§?%h%®%oﬁ%$§§g%m%dxﬁfiﬂﬂﬁﬁﬂé(ybldg' ff &

- words, for the above example of equations (4) to (7) this

preferred embodiment means that RTTVAR is calculated

15 differently for riegative and positive Values of A. In this
way, it can be avoidgd.that a decréasing value of the
measured round-trip time will lead to an increasé in the
retransmission time-out parameter. More specifically, as
shall be explaiﬁed ih detail in the description of preferred

20 embodiments, the fact that above egquation (6) incorporates
the absolute value of A, means that a decreasing value of

RTT (RTT < SRTT) has the same impact on the value of RTTVAR

than an increasing value of RTT (RTT > SRTT). As a
consequence, a decreasing value of RTT has the effect of |
25 increasing RTO, if the factor 4- RTTVAR outweighs the factor
of SRTT in above equation (7). This absolutely undesired
effect, which was recognized by the present inventor, can be

avoided by the above described general method of claim 1.

30 In accordance with a second aspect of the present invention
described in claims 11 and 34, the weight factors (e.g. g, h
and the specific factor 4 before RTTIVAR in equation (7)) are
made variable over time. This feature makes the determination

of the time-out parameter (e. g. RTO above) much more
5




P~ 1/ 13587 PCT/ EPOQO 07556 flexible with respect to the changi ng
éituafioﬁwshg?%¥§ network carrying the communication. In af&OEFAMREShith a
preferred enmbodi ment of this second aspect, the weight values are nmade
dependent on the nunmber of. data units "in flight™, 5 i. e. the nunber of

data unitsfidiibVeneieieNtedpéchotoYehe éﬁgﬂg%gdgg@u%ttiw PPigHe I N LI MTE

(also referred to as the number of outstandin ata units). |In accordance
with a thinetwepectaprying phesepmminication. 10 desorideadd widhaians 17. and
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of the nuabermade spependent | of- thésntiiberoegutata LAG t&OMINICAGHAY,
bet ween a given sender and receiver. Spurious tinme-outs are 15 tine-outs

causedsby Bn %xc%%%i%¥m9%¥a9foﬂ§FﬂeuP? R, thA Were Bpndnbadt At ¥eds of
data uni t sacliSw BENGEE g€ Qﬁ%;ﬁé:ﬁ?ﬁsin? Pahet Qﬁlbg}pggﬁyr@a ¢ vea%t R%e

spurious tine-outs, nanely t e tinme-out per I'S1 00 Sho can be
used as a maebheriof owbstandinggdatavusitshservative (i.e. |onger) tine-out
20 period. The three above described aspects can preferably be conbined in
any appropriate way. Such a conbination is also referred to as an Eifel

retransm shi cicdé t@dincAdvith agephsranaggedenbg 2ReObrbl@ncMeHdnticy © .
described in the subclains, Brief descrigtion of figures A nore conplete

under $Pandi$RFEFPehel Bresahns i hi eafoAScahhpedetorgannsion foforthehdime-

o boenrd 68 pheshater alqomel PEhgRES o RTURd TN R IV S
also calculated on the basis of a value indicative of the
number of spurious time-outs that occur in the communication
between a given sender and receiver. Spurious time-outs are

15 time-outs caused by an excessive delay on the link, and not

by an actual loss of data units. The advantage of this is
that the implication given by spurious time-outs, namely that
the time-out period is too short, can be used as a basis for
calculating a more conservative (i.e. longer) time-out

20 period.

The three above described aspects can preferably be combined
in any appropriate way. Such a combination is also referred
to as an Eifel retransmission timer. Advantageous embodiments

25 of the invention are described in the subclaims.

Brief description of figures

A more complete understanding of the present invention can be
30 gathered from the following detailed description of preferred

embodiments, which make reference to the figures, in which:



Figure 1 is a graph show ng various paraneters associated wi th the

ret ransnWx01035871 ne- out feature in the course of tine, f8CTEPIUPTISSG eady
state; 5 Figure 2 shows an enl arged section of the'graph of figure 1, and
Figure 3 shows another graph of retransmission time-out paraneters over
time. 10 tailed descrl referred embodi nents The foll)ow ng
descri pt itfd¥ Rl \% %\%ﬁ’éﬁ TG SR B BRr I VP TR TP,

shoul d however be mttlrpetdxet hadt Adsnilssiokd tAMe~cuthrifiind Bxaimd e, and
that the present invention nay be applied to any transm ssion protocol
that provides retr &e3wsssiafn tdme r forams FCEisheadwstaies According to a
first aspect of.+he invention, when the value 20 of the nean deviation
val ue RTTVAR is updated, the <contribution of the neasured round trip tine
val uesRTFilgurene - ishebatse dinmearl adwyeidatsemt vl wef RER/ARRdph dbf fEkgnte iX, t he
measured round trip tjne value RTT is smaller than a predeterm ned _
threshold TH that @&%eterni ned on the basis of 25 the stored snpot hed
round trip tine value SRTT(old), than if the nmeasured round trip tine
value RTT is larger than the predetermned threshold TH. According to a
first enRigunmntd oishows ianesderographe o0 nEHEENRIESHON L iMRRAUT 0 t he
stored val ue of S cylation or updating of parameter RTTVAR
as shown in above equgrk%lt(?r%es( é:)%aer L&l Jified such that 7 aai WD 01/ 13587
PCT/ EROO/ 07556 (RTTVAR + h (A -_RTTVAR) if A>0 '

Detailed description of preferred embodiments

The following description sﬁall be given in the context of an
application to TCP..It should however be noticed that this is

15 only a preferred example, and that the present invention may
be applied to any transmission protocol that provides

retransmission and retransmission time-out.

According to a first aspect of the invention, when the value

20 of the ﬁean deviation value RTTVAR is updated, the
contribution of the measured round trip time value RTT to the
‘updated mean deviation value RTTVAR is different if the
measured round trip time value RTT is smaller than a
predetermined threshold TH that is determined on the basis of

25 the stored smoothed round trip time value SRTT(old), than if
the measured round trip time value RTT ié larger than the

predetermined threshold TH.

According to a first embodiment of the invention, the
30 threshold TH is equal to the stored value of SRTT and the
calculation or updating of parameter RTTVAR as shown in above

equation (6) is modified such that

iﬂilﬂ!



RTTVAR E- | tRITVAR if A <0 (8.1) 5 The value A = 0 may | to
“eit her tﬁg)WWB§P or lower alternative in equation (8.1), %ﬁpﬂf@hﬁ%ﬁp

preferable that it be assigned to the upper alternative, in order to
ensure that RTTVAR decays over tine if RTT beconmes constant. 10 As can be

seen, the negative vari ations[ﬁ%ﬂﬂ'wih .e.(A[\Ahe%ﬁl‘vFE\'lér%ipsif@I;q; t han SRTT,
e ac

are filtered out. In this maji di sadvan 5Qeous | of taking the

absol ute val ue - of ABT%VA%qﬁét on (6) is obviated. This shall becone clearer
in connection with the fol | oMRRTVRR aif el deBcri-ption of figure (851N,
Figure 1 shows paraneters associated with the retransm ssion tinme-out over

time. The paraneters were neasured in TCP steady state, i.e. the
connegtio e he gi n ; Q) | I
rool > TRRSCVATER A"Z 0 HEY, BETS ioheAl td RANHE R ReT oL oter

descri besafthernatdver éd eguacionf (Bhd)rolndt tirti pig ipmef&@dabldetlsgirbbt s f or
RTQ(pa) stand for the retransm ssion . .tine-out paraneter as calculated with
briof  art BEQBRERERES K LS HPPOFhE AAES 10t RAHGIAGT rep FASHES { Hoat
retransm RerQAR! HEREYAES ovler T imey/ RIFCHTY BB Bkt diw s shal | be
expl ai ned briefly. heoretically, the retransm ssion tine-out-value RTO

and the retransmssion tiner Rexnt should be identical. However, as 30

recoghi zedq _b he pr, nt ..nvent Qr,.. 1 Qre ' meptatio f TCP
oy caR b B ERRE o il el ot (REETCEY B e 0 T
Rexnt . ThiRETellsosmal ledueHam SRYT acrd Nl tidredicdwial Iettlhsnwag) othéi mer
Is always started for the ol dest outstandin%l(i. e. not 8 WD 01113587

PCT/ EPO01@is86lvantageous impact of taking the absolute value of A in

equation (6) is obviated. This shall become clearer in

connection with the following detailed description of figure
i5 1.

Figure 1 shows parameters associated with the retransmission
time-out over time. The parameters were measured in TCP
steady state, i.e. the connection between the given sender
20 and receiver had a link all to itself. The graph at the
bottom of the figure that changes in steps, describes the
measured values of the round-trip time RTT. The symbols for
RTO(pa) stand for the retransmission time-out parameter as
calculated with prior art equations (4) to (7). The values
25 Rexmt(pa) relate to the retransmission timer as it is

typically implemented. This shall be explained briefly.

Theoretically, the retransmission time-out wvalue RTO and the
rétransmission timer Rexmt should be identical. Howevei, as

30 recognized by the present inventor, the prior art
implementations of TCP in fact contain an error that always
leads to a difference between RTO and Rexmt. This error is
due to the fact that the actual retransmission timer is

always started for the oldest outstanding (i. e. not



acknow edged) data unit. However, due to the use of cunulative or delayed
acknow ewgreemiss7 it will typically not be known at the tPEREBPOOISdi ng a

specific data unit that this specific data unit w'll soon become the
ol dest 5 outstanding data unit. Only after an acknow edgnent for all data
units up to said specific datag units has begn received Is.it known that

this spedcknevagdgedi date undto| Hoeveds U dihFmedSA P pract i cal
i mpl em“kﬁﬁhﬁaﬁi%_ TCP 13 2o IRt ANSTE SPL DD ¢ yPEEaDIY Ynadien

havi ng received this 10 acknow edgnent for all data units up to said _
speci f i etbedknawnuaitt theondameuaft Isendime @ ispegifie datrl Wit Yatheen the
sendi ng .t he dat.a.unif .and t.he r.egeipt. of o) nt nmessage for
al | dat a(%g}r’rist §p&§"% ngta(}édé‘tnék ﬁ‘ﬁﬁ'ﬁ' S\?anolncﬁ%éébg“cfs %o t%!égge ransni ssi on
ti mers Reyfit sk@nddnb dadiagemifthaonlie aftemnani atrowl ¢dgment fat LEl RTO,
namely Rexnmt = RTO + S. The consequence, of this effect is that fhe
r et r ansnidgdiro Mnitisnaty Ho |S§Jé"1 FRRS UGS e riphts fas ‘been  pecetyed: 20
Returni ng 4t q.¢f hgiure %hattﬂ'é}i@ fsfrp%’ceirﬁ% Refveai T APahandla&exnt (pa) is

e, the figure

appar ent . Fart hernor al so shows values of RTO calculated in
accor danemtsitbimding iomeentAildn priaatiicaledrparentatiprs iofh TGP 131wa¥s As can

be seen fromthe thick arraws ,A_and B t.he d -trip:dine
val ues R'P'FaJé?crtg":fsé: “ﬁ?',sstll?é%r{%qrs\g]@%s kA a@%ﬁ%ﬁ f%‘g%lgg%% %}?lg
RTQ(pg) - aHknduiedyn@ity £0413a3 Il urtix 4 hep red reansdi spéopfiédedata val ue

shoul d have 30 the tendency to follow the round-trip time. As can be seen,
this is andar.| ConsEgently, tthenalirealdalRF@ idekayd dafoteenithe t he

invention, Wieh & Gl EH AR OLAL LR S of the |
acknowledgment message for all data units up to said data
unit, which leads to the retransmission timer Rexmt being

15 larger than the retransmission time-out value RTO, namely

Rexmt = RTO + J.

The consequence of this effect is that the retransmission

time-out is always too conservative, i. e. too long.

20
Returning to figure 1, this difference between RTO(pa) and
Rexmt (pa) is apparent. Furthermore, the figure'also shows
values of RTO calculated in accordancé with the invention
indicated above in equation (8.1). '
25

As can be seen from the thick arrows A.and B, whenlthe
measured round-trip time values RTT decrease sharply,_then
this leads to a'sharp increase of RTO(pa). This is highly
undesirable, as the retransmission time-out value should have
30 the tendency to follow the round—triﬁ time. As can be seen,
this is clearly achieved by the values of RTO in. accordance
.with the invention, which are éalculéted on the basis of a
mean deviation value RTTVAR calcuiated in accordance with

above equation (8.1). As can be seen, the values of RTO

9



mean devi ati on val ue RTTVAR cal cul ated in accordance with _above eguation
(8.1): AVQYASY seen, the values of RTO 9 il~l1 WO 01/ 13587/ERYY / 07556
determned in accordance with the invention follow the tendency of RTT,
and always lie close and above RTT, precisely as:this is desired. 5 Figure

2 shows afe£8LRINEd $RCLECHrQEnELIWE8nl thiN 8 eit Yon 147 X&) and RTO

are shown. As can be seen, the value of RTO as cal cul ated i n accordance
with the tendencynofiaBTE, nend aiwalbe lgeapgiosea@ndhalbn® RITcal cul ated in

accordance_with ,the prior art., 10 ILn the above equation (8.1), the
thresholdpF?thsﬁytas éh%grﬁaneﬁﬁfgﬁ'contribution RTT shoul d make to the

mean devi ation RTTVAR was the stored snoothed round trip tine value SRTT.
However, the invention is not restricted thereto, 15 as the threshold TH

can i b geRéPurend sRA9WEpBRoBRLAESeFasestigs Atnifiamum } hevhRke SOREY SRTT,
such as fR‘i‘ggxggﬁ(ga)TS‘SﬁREEb:§?ET§E%%t. I's W%&T)s:%ﬂ?étglﬁé‘%al €& €

const stan ny suitable constant value, 1. a old that Iies
sonewhat BRBOvesocabeludwtele ist acedrdanee ofit3RThe lim&higbomwriads JHnowé be

R CN L C T I R LR RN e C
[ RTTVAR | £nBTpriotHa®iIT) (8.2) Again, RTT=TH(SRTT) is preferably assigned
to the upper “alternative. 30

10
In the above equation (8.1), the threshold TH used to
determine which contribution RTT should make to the mean
deviation RTTVAR was the stored smoothed round trip time
value SRTT. However, the invention is not restricted thereto,

15 as the threshold TH can in general be any appropriate value
determined on the basis of SRTT, such as for example
TH(SRTT)=SRTT+const or TH(SRTT)=SRTT-const, where const
stands for any suitable constant value, i.e. a threshold that
lies somewhat above or below the stored value of SRTT. In

20 general, TH can be any suitable function of SRTT.

This therefore leads to a more general equation (8.2):

, [RTTVAR + h - (A - RTTVAR) if RTT > TH(SRTT)
25 RTTVAR « %

\RTTVAR if RTT < TH(SRTT) (8.2)

Again, RTT=TH(SRTT) is preferably assigned to the upper
alternative.
30
In the above equations (8.1) and (8.2), two respective
alternatives for calculating RTTVAR are given. It is however
equally well possible that a larger number of alternatives be
given, depending not only on the values of the measured RTT
35 and the stored wvalue of SRTT, but also on the stored value of
10



In the above e uatlons (8.1) and (8.2), two respective alternatlvg
cal cul at W@ VAR are given. It is however equal |y wel | 53§§?39é hat a

| arger nunber of alternatives be given, depending not only on the val ues
of the measured RTT 35 and the stored value of SRTT, but also on the stored
val ue of 5 R I , eef18r 1.
variation %?v%%Lg%é%%§§8ﬁ%?gkgggg¥gén§?ﬁlgzﬁgéwﬁﬁg%quﬁfF%hRFg12 l'%ﬂ/mch IS
witten igiperuiln fcbllewing eqaabmenoﬂSSBmpIMbnnh dsd walidrtieny ins piseudo> 0
THEN | F A - EVAR <0 THENfRTT AE RTTVAR i h2, (A - RTTVAR) ELSE RTTVAR
F- RTTVAREQI® LQ% repfuarpt TamRLifikyroRE E1afRFHyAR (8.3)  In ot her
words, for the case that RTT is above the threshold (in this case TH=SRTT,
i.e. A=.0), tw sub-cases are 15 considered. If h is a value between 0 and
1 orzsftwmtloﬁF AestrOcTBENto this range (which will generally be the
case), then the effect of above equation (8.3) is a type of "shock

‘absor ber” ‘charact erTEtdc- Rﬁﬁ%ﬁ? fhe THRENease of RTO (RTO being cal cul at ed

in any suitable way, %ﬁgﬁﬁﬁ# N %¥§ﬁ€§ on) in response to
an increase in RTT isﬁfgi‘ %'gécre eo n response to a
decrease of RTT. Fepekly, as was the case for equation (8.1), equation

(8.3) may also be generalized to threshold values other than 25 TH:SRTT (A
= 0): IF RTT > TH( SRTRPTVAENA RTTVARRF AR <AO0-THREMVAR)

10 ELSE

RTTVAR <« RTTVAR _ (8.3)

In other words, for the case that RTT is above the threshold

(in this case TH=SRTT; i.e. A =.0), two sub-cases are

“15 considered. If h is a value between 0 and 1 or a function -
restricted to this range (which will generally be the case),
then the effect of above equation (8.3) is a type of "shock
absorber™ characteristic, namely the increase of RTO (RTO
being calculated in any suitable way, as shall be_explained

20 in further on) in response to an increase in RTT is faster

then the decrease of RTO in response to a decrease of RTT.

Finally, as was the case for equation (8.1), equation (8.3)
may also be generalized to threshold values other than
25 TH=SRTT (A = 0):
IF RTT > TH(SRTT) THEN
IF A - RTTVAR < 0 THEN
RTTVAR « RTTVAR + h? - (A - RTTVAR)
ELSE _
30 RTTVAR « RTTVAR + h - (A - RTTVAR)
ELSE | '
RTTVAR <« RTTVAR _ (8.4)

11
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RTTVAR F- RTTVAR + h2 (A - RTTVAR) ELSE 30 RTTVAR RTTVAR + h (A - RTTVAR
‘ELSE RTTWKROMISSRTTVAR (8.4) 11 WD 01/13587 PCT/ EPO0/ 07556 PCR/EPS#/B7556
equations (8.1) to (8.4) the weight parameter h can be chosen as a _
constant (h=const.) or a variable value. Preferably, it is chosen as being
variable over time 5 (h=h(t)). Mre preferably, it is chosen to be _
associated with the nunber N of outstanding data units at the given tlne

The nonentgrabawé L@qﬁéﬁioﬁgn(@ U) €6 ¢Hoagnthe PRSP Mlamet MY &

represents the nunber of data units that were sent but not acknow e ed up
to the poilhe ¢hosemeas. a1@°¢§t%@ﬁghhfﬁongtpbsgrbﬁeV@al@bdGcWBQU£SSOC|ate h

Ol i L | (B RABLET 2 oL OoaSeR URVHOGGY 5h398LTe SIRY: Aoy e Of N

(simlar to average val ue o

val ues)s. | th=eh b)) wdﬂ@lse p.r@ﬁarablﬂyeiagﬁsvehbeeiﬁ tO\bef adwddiuteel WwNtof
out standi ng data units can be us whi ch can e.g. be determ ned as SN <-
SN+ m N viRRRE T, N g0 n°%B§F65?¥%9edﬁEPgH91F§CFGrthﬁsgéﬂ@mhéﬂme The

possibi 11 twoént Pyl pa1de VRILP ERAI 6341 VBeObnbEGn RUTRRS iBf 104¢ §h3Ndi NG

data units, the weig can assoCiated with the so-c dw start
t hreshol d Ebeheeﬂht)Zaeprgsekh@mhhérnnmber,ofedaahomalmsntmmnemdmaﬂsdmt

St evens, ﬁ@gp ecause ssthresh can_in,fact, be regarded as a
smoot hed averaée f%%kgﬁgfﬁﬁﬁ%éru%fESUEéFaﬁaﬁﬁ &Rt &3W&i ts. The slow start
thresh@ d ssthresh is conventionally used in

Although it is possible to directly associate h with N, it is

preferable to use a moving average or smoothed value of N

(similar to SRTT being a smoothed average value of the

"noisy" RTT values). In other words, a moving average value
15 SN of the number N of outstanding data units can be used,

which can e.g. be determined as
SN <~ SN + m - N
20 where m is an appropriate weight factor.

As another possibility of finding a value indicative of the
number of outstanding data units, the weight h can be
associated with the so-called slow start threshold ssthresh,
25 e.g. known from TCP, see above mentioned book by Stevens,
Chapter 21.6, because ssthresh can in fact be regarded as a

smoothed average for the number of outstanding data units.

The slow start threshold ssthresh ié conventionally used in
30 connection with congestion avoidance. Congestion avoidance is
used with window based flow control, and has two primary
parameters, namely the slow start threshold and the so-called
congestion window cwnd. The congestion avoidance routine

basically works in the following manner:

12



30 connection with congestion avoi dance. Congestion avoidance is wused with
wi ndow bweed/13ssvw control, and has two primary paranet er BCT/EROBI7ESE hé sl ow
start threshold and the so-called congestion w ndow ciwnd. The congestion
avoi dance routine basically works in the follow ng manner: 12 ..i i WO
01/ 13587 PCT/ EPO0/ 07556 - the send wi ndow is'never larger than the m ni num
of the cordstsend Wiedew abei neeer ctarver' thanvehei néginumdod; thewhen

congest i [.ndji.cat b i PE- out , ecel of a
dupl oat o o Grihag " id' Qe Yo BLAPBL L' alfebbEsekOREREDT. T\ ooy ony
of the normwhen coeyestvionlovccure (¢sgsairdiestsedtbyeahtimedoun blretheent

of a tinme-out, the_ congesiion window s reset, to one segnent; - when new
data i s FSGRAMEREFS éﬁh§%ﬁﬁﬁ?i%§#ﬁﬁv %ggﬂ?nthep%ﬂﬁihef'n(PFeSP@Pation

bet“egn‘%Mﬁkf”gbﬁiﬁﬁﬁféﬁb fEH@%ﬂbn%oofftﬁ@ﬂﬂoﬁénéﬂﬁbl§én8rwﬁﬂaah k@ze
ssthresh, then cwnd is increnmented by one segnent every tine an

acknow edighesaved as ceetheesii Ardrbutthe eventl ¢Edastomesenks)thand if
cwnd is er. i SS] , S| ted by 1/ d h
cund 1S SOIERICAAN, R0 oD L0en €dngalSsbagesEpnted by 1/ cund eac

: 'S recelved IS TS e acfual 15 congestion
avoi dance) .wHerWmew addtd ebslsadknawl edgedenthal cwndr easentpenseadpw si ze,
wher eas congestjon avoi dance on]y leads to a |linear increase. 20 Returning

to the(kﬂ%ﬁ?ﬁQkﬂgcﬁPcﬁh?Lr?¥PE&9%r ?twﬁ%nwEV@%ta%éi§SEHB§§H'a§a§e}Mnction
of the val pecd i £atine pdrt Bl to OfsONESERNE RGN daliAquRktS, 1. e as a

function o N, SN or ssfresh. Tt may be noted that theése are only
exanpl es,increnented dpyiconqdsegnenve ¢veryttime can| ycknovhddgmentyisof the

25 nunber, of QLS AL 09 S adNi £ Sch 21841 888 Cacdfe ] S DRYPYE cuna is
~ larger than ssthresh, then cwnd is incremented by 1l/cwnd each
time an acknowledgment is received (this is the actual

15 congestion avoidance).

Slow start leads to an exponential increase in window size,

whereas congestion avoidance only leads to a linear increase.

20 Returning to the determination of h, in general the weight h
- is chosen as a function of the value indicative of the number
of outstanding data units, i.e. as a function of N, SN or

sstresh. It may be noted that these are only examples, and
~any value indicative (be it directly or indirectly) of the

25 number of outstanding data units is suitable. It is however
preferable to use the value of ssthresh, which is typically
already available in a normal TCP implementation, such that

no separate determination routine is necessary.

30 According to a preferred embodiment, the weight h is then
chosen as the inverse of a function of ssthresh, namely as
h=1/(ssthresh+l). Although sstresh is defined in byte, the
value of sstresh is used in terms of segments in the present

application, i.e. ssthresh = 1 means that the size of sstresh

13
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pr ef er abl t he val ue of ssthresh, which is typicall al read
avai | abl e‘gf)ﬁ??’é%agr mal ; TCP i npl ement ati on, such that no seéﬁ?@l”g"/w’sz‘
determ nation routine is necessary. 30 According to a preferred enbodi nent,
the weight h is then chosen as the inverse of a function of ssthresh,

namel y as odinlld sdEadlidde, A400EON St 2eRlahs REENEHS 155 g the
val ue of ssiresh 1s used In terns of segnents I n the present —application,
i .e. ssthrsstiresh empuaks ttwd ségmentks, oétsst Peefietdabl Ghel352¢é of

PCTI EPOQ' 07556 .equal s one_segnent, ssthre = 2 neans that the size of
sstresh edtd %eﬁkb\g"ss&m'f%e,ggjfr&;tﬁ%? e?gbégetﬂ@xy“?@ §eoment, sdgpesMSS,

measured iwhicH s of pdwam@ed MUERSE0IENseti 88 HBFotiwhieahdugidgPREANEL e
that is set or negotiated during the 5 initial connection phase.

Al t er n&t i Vidritiah eemneckign fphase. \Altereahivelrsecanagrhisesamyntixed

r ef erence, e h | ( ta ) aoget her
with the Jggygﬂéﬁﬁbﬁggﬁﬁg%%t?%sg}%?aﬁgxgaﬁggg£%§§%fnggé%iFﬁ gﬁgéebg Jat i ons
10 (4), (5) and (7) for the determi nation of RTO Preferably, however
equations (8. 1) to (8.4) are c | ned with the fol]ow ng equations (9) and
(10): smﬁ(he s%?ﬁ"% *‘gq‘(%tj%?@i ?ggihTE?:(éRﬁr' +LREEFREeRTYYAR £he) vagfens
g(t) and VdIsiiNLsred foFen yacarbbe &SIhEbﬁéddw\%i(%tﬁ;JéﬂbQQ kQuathbaker red

enbodi ment, the three weights g(t), 20 h(t) an are associated with
one aR8t het4lin GUcrard whl) fomtthegdeperminayionnof BEOer Brefeyabdyand/ or w

be ch bej | .th b . of ' d
inits, as ROy e SO EL MhelerOF GFEREmRiReroheth thee? g

following equations (9) and (10):

SRTT <« SRTT + g(t) - A (9)
15

RTO = SRTT + w(t) - RTTVAR (10)

where g(t) and w(t) represent time variable weights.
According to a preferred embodiment, the three weights g(t),

20 h(t) and w(t) are associated with one another in such a way
that h=g and w=1/g.

In a general way, g and/or w can be chosen as being
associated with the number N of outstanding data units, as

25 explained above in connection with the weight h, i.e. g
and/or w can also be chosen as functions of a value
indicative of the number N of outstanding data units, such as
N, SN, or ssthresh. '

30 More preferably, the above two features are combined, namely
all three weights g, h and w are chosen as being associated
with N in a specific way, namely with an appropriately

selectable function of F (where F is a function of N, SN,

14



and/ or m“%$%8§#50 be chosen as functions of a value indicative of the.
nunber N Tanding data units, such as N, SN, or sstBfRERPOAZE6\pr e
preferably, the above two features are conbined, nankly all three weights
g, h and w are chosen as being associated with Nin a specific way, nanely
with an a lsha i _ I &%@&gi Rad WER{4 d lon of N,
SN, 14 V\%Qr(%%gf&g; ée%elgg%qg%g% ssta%e%sﬁ;a(}rueginy o]’t %’ruéepgoréoﬁéat e val ue
i ndi cat i vaumberheof nutiséandingudstandinigsdata units):. g 1/F, h=1/F, w=F.

5 As an exanple, F(N) can be chosen as F(N)=N+l, such that g 1/(N+1) ; h
1/ (N+1) ; wN+1l. 10 It is equally well possible to choose the weights on
the basis of ghe gpgothad=avgragewSN @r, the slow start threshold

ssthresh, such that g 1/ F(ssthresh) ; h 1/F(ssthresh) ; w F(ssthresh), 15
for ex@nple: g 1/(ssthresh+l) ; h 1/(ssthresh+l) ; w ssthresh+ . 20

Natural | yasl B8 GOERGRALT @R C@ANALI0 ABSRUCIL S Rt Qi OB el ONts g,

and wis tine varla or that two of these three wei‘ghts a
vari able, the respectively others always being constant. 25 The positive

effects of chogsing,t i ghts in,the, above can be seen in figure 3,
which again sh8ws ?ﬁégﬁéggargd“ 17 (W39 270U 4 O

10 It is equally well possible to choose the weights on the -
basis of the smoothed average SN or the slow start threshold.
ssthresh, such that

g = 1/F(ssthresh) ; h = 1/F(ssthresh) ; w = F(ssthresh),

15

for example:
g = 1/(ssthresh+l) ; h = 1/(ssthresh+l) ; w =

ssthresh+1.

20 |
Naturally, the combinations can also be such that 6nly one of
weights g, h and w is time variable, or that two of these
three weights are time variable, the respectively others
~always being constant.

25

The positive effects of choosing the weights in the above way
can be seen in figure 3, which again shows the measured
round-trip time values RTT, the calculatédjretransmission
time-out value of the prior art RTO(pa), the retransmission
30 timer of the prior art Rexmt(pa) and the retransmission time-
out.value RTO calculated in accordance with above equations
(8), (9) and (10) using g = 1/(ssthrésh+1), h = 1/(sstresh+1)

and

15




round-trip tine values RTT, the cal cul ated-retransm ssion | he- val ue
“of the pﬁﬁBP"5¥?7FﬂtXpa), the retransm ssion 30 tinmer of t?é#dﬁ%¢ﬁ§ rt
Rexnt (pa) and the retransm ssion tine- out value RTO calculated in
accordance with above equations (8), (9) and (10):using g =

1/ (ssthr e%hi%sthrégi%(ls.swse%‘%ﬂ be FnlS MR QARG gﬂﬂ;ﬁ?gﬁ{%@aﬂ‘t =

sst hresh+ can be seen, the problem’of usi‘ng constant
par anet er gedghtl padameters rcerr desd 4 drhe iresmansmiss ien RTie@=0ut oo

| ly fol i ngt.h d-trip.ti | T h,that_in, fact_ih
Csno. arodenihy B Ee)r 2ai s ok, ol ihg FhR fHH- e s e trey
control pregedgieh thatt e Eedr dhtd a5 R Eisoigealy fépnaddragingh

representin RTO of the invention, the retransnm ssion time-out val ue of

the i rivenEBifdRctol THis deadsedderc fesitabiiisnd Fiomi sRNBERY PrFgadure:. ot her
a5 EnEre! | o . A
boser bl o T EIS, b RRale! o B Ked) £260 Nirte tordblt elbeqtntfng,
ZIOUlhd I ﬁaﬁ'foo olfsmm«ai %bmmﬁteimutmedmmﬁMﬂcgenm:?é+quti?ahﬁ]d@ﬂ .
t hou e ove € (0] n escr e In e 1. on eqgquat | ons
(b 100 e AR iR el sl h el Betdetiay e GEPL Towe "waima tht Yot
factor h(RpT.Sueh cthe?® Sorls, 1/ NuUsiflgd tHe Rt ime/¥SeidpBshidigh® prior art

equation. (6). Naturally it is al'so possible to conmbine equation (10) using
a tink0varfiagiorsng gt and Wwidtth legrasoidsle Ho aeid)that ghe 2vaived

wei ghts g, ' t e equat ) [ [ varq e I ght g(t)
wth equat-Rliﬂcgjns'(}r(ag‘)]'%agigl )eclPsel Lr%alf“?é;ecgfg 1%\rl/taﬁ;s’gh sfdﬁ nggu%genjéé?%i 1\:/\%5 t he
second aspgtirioiud e my-eamy, whantshould deneldDbe ¢ dedbdedne of said
three weights as a tinme dependent paraneter, preferably as being
associ at ed

Although the above embodiment was described in connection

15 with equations (8.1l) to (8.4), it is also possible to
introduce a time variable weight factor h(t), such as e.g. h
= 1/(N(t)+1l) or h = 1/(ssthresh+1l) in prior art equation. (6).
Naturally it is also possible to combine equation (10) using
a time variable weight w(t) with equations (5) and (6) using

20 fixed weights g, h, or to combine equation (9) using a time
variable weight g(t) with equations (5) and (7) using fixed
weights. In a general way, the second éspect of the present
invention is to choose at least one of said three weights as
a time dependent parameter, preferably as being associated

25 with the number of outstanding or unacknowledged data units.

According to a third aspect of the present invention, the
determination of the retransmission time-out value RTO is
modified such that

30

RTO « (SRTT + w - RTTVAR) - ®(SPTO) (11)

where ®(SPTO) represents a function associated with the

number SPTO of spurious time-outs. Spurious time-outs are

16



25 with the nunber of outstanding or unacknow edged data units. According

to a thi whesidsemt of the present invention, the deternm nROATEPBD7SShe”
retransm ssion tinme-out value RTOis nodified such that 30 RTO +- (SRTT +
V\/_tETR]/AR) lram(SP'Sl'g) O( 1]_:L) where c(SPTO represents a function associ ated
W e n er TO of .spurious tinme-quts. Spurious tine-outs.are 16 is
WO 01/ 1358 FpERMEHYHS 6 ang FaysRd Y 2R HEXC ?§4E§uggaa¥ya5ﬂngxcessive
del ay al e 1k IHetivden! eI ndied ANEedeiP6L] VERha ABE BYl th¥ 188s! oss
of a data unit, in other words, had the RTO been | onger, no time-ouf would

thﬁve ocgm’ﬁr ﬁd,d&t@f:amsié'-_rt Hav st wardenthad vihe dRFAveegaehonges: ved, | f
e sender. _ha : t : [
cb( SPTO Hﬁ‘ee'(;d%}‘a i"%)ér‘fl\ﬁ?lﬁeaq’céan aalny &’O,ggkg]eé%u% ‘?é%%‘%ﬁ’é&ﬂ%d{;“?ﬁy( ggTO) / n)

(12) swharenld 33K bexir asmrdisrddie ifintiee séndenrhadsodiyawantéd long
retransm ssi ons caused by spurious tinme-outs during a 15 predeterm ned
intervalPﬂPqQ&ﬂesents the total nunber of data unit transm ssions during
said predetermned interval, and f is a nultiplication paraneter. f can be
chosen as having any appropriate value, but it has been found that a

val ue of B aif d:aingle, nsfriction ebfi8ETOYein2@qlhitd opr gdat)ecannde ti me

Interval may be set in any desired way, i.e. to a fixed value such as the
maxi mum SEYfsh as : :
10

®(SPTO) = 1 + f£-(n(SPTO)/n) (12)

where n(SPTO) represents the number of spurious data unit
retransmissions caused by spurious time-outs during a -

15 predetermined interval, n represents the total number of
data unit transmissions during said predetermined interval,
and f is a multiplication parameter. f can be chosen as
having any appropriate value, but it has been found that a
value of 50 or larger is especially effective.

20 | |
This predetermined'time interval may be set in any desired
way, i.e. to a fixed value such as the maximum segment
lifetime (MSL) which is e.g. defined as 2 minutes, or to a
value dependent on the momentary communication, such as the

25 total communication time for the momentary communication from

the start of said communication to the present.

It may be noted that one sphrious time-out can lead to more
than one spurious retransmission. For example, if 100 data
30 units are sent, and there were two spurious time-outs, the
first of which led to one retransmission and the second of
which led to two retransmissions, then SR assumes the value
3/100. '

17
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“lifethnﬁﬂﬁﬁﬁﬂdf ichis e.g. defined as 2 mnutes, or to a_ value dependent
on the comuni cation, such as the 25 total conm&GFTEPIONISIS ne for

t he nonentary communication from the start of said conmunication to the
present. It may be noted that one spurious tinme-out can lead to nore than

one spuriqus, rI.ei.ransm ssion. . For exanpl if, 10 : 30 units are sent,
and there%\%/é:rog%#lvr\k? sﬁfp@uﬁ RESL§TRE Lﬁ’_@g)“?me?h s(?(ggtr%ﬂi c? Icé’d’s[eé1 &k @
retransni sgiovti vdlas SRchA ishdetined 1R £H FEL18WSHLSELYNIaghign SR
assunes the value 3/100. 17 WD 01/13587 PCT/ EPO0O/ 07556 AcCording fo a

pref er r ed REMKIA Rade i @oryn i formpiyepl keity) snoot hed val ue SR that is
defined in the following way (again pseudo code is chosen for sinplicity):
5 1F "spurious tinme-out™ THEN SR F MN {NC, SR+ 0.5 (1 - SR) } ELSE 10
SR+ SR (1 - (KM ) (13) where MN{x,y} is equal to the m ninum of x
and y, NCis a whole nunber larger than 0, i.e. N=1, 2, 3, ...., Kis a
rate value with 0 < K< 1, and Mis a variable that is indicative 15 of

the nunmber of dat adpudioEeindcutOyopgeEN A cycle is a period of time that
corresponds to one set of rising steps of RITT as shown in the Figures, see

e.g. the rising stesR <«BeMINENCabSRt +69.5 anglL 92 SRy p Fig. 1, or between
3.9 s and 7.1%5 qor_ between 7.15 and 10.6 in Fig. 3. Preferably one again 20
uses a snoot he I&@érage of this nunber, or one determnes M on the basis

of theggslow start thpeshokg ;sshr e_shu@m)l\gl = cp(ssthresh), (14) (13)

where MIN{x,y} is equal to the minimum of x and y, NC is a
whole number larger than 0, i.e. N=1, 2, 3, ., K is a rate
value with 0 < K < 1, and M is a variable that is indicative
15 of the number of data units sent in a cycle. A cycle is a
period of time that corresponds to one set of rising steps of
RTT as shown in the Figures, see e.g. the rising steps
between about 69 s and 92 s in Fig. 1, or between 3.9 s and
7.15 or between 7.15 and 10.6 in Fig. 3. Preferably one again
20 uses a smoothed average of this number, or one determines M

on the basis of the slow start threshold sstresh as
M = ¢(ssthresh), (14)
25 ¢ representing an arbitrary fpnétion, and preferably as
M= 1.5 - ssthresh? . (15)

NC is preferably chosen as 1 or 2, and K preferably lies

30 Dbetween 0.01 and 0.1, more preferably at about 0.05.

In other words, each time that an acknowledgment is received,

it is determined if this acknowledgment indicates a spurious
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25 cp representing an arbitrary function, and preferably as M= 15
sst hr eshWOOIAIS8KC i s preferably chosen as 1 or 2, and K pPEFEFNY9ies 30
between 0.01 and 0.1, nore preferably at about 0.05. In other words, each

time that an acknow edgnent is received, it is determned if this
know ed t indicates. ' / PCLLER
o out . RSt En cacinfn BHBsThls SHofthRd pinRags BRE T ubtaRsd as 1\

first altshowiie, chadfifsdtaltéenabRves anpdddfedoas shenn SRnishe second
alternative. 5 As can be seen fron1egu tiﬂn %%1%“ the nultiplication with
the fact o#PeTkePTRF PROYReiRi FBPYSHERBE AHLCRRACEYRe predictor) nore
optim stic. when spurious tinme-outs have not occurred for sone tinme, and
vice versa makes the RTO nore conservative after a spurious tine-out has
occur 15ed. A Ocghebeleseeni finonoaquatipori(das .t the syddipddcediooneith any
desired way, for.exapgple as explained in co-pendi opean Pat ent

Appl i cat it ?9539@9?4&;2§Pm3c9 CIREENS |“ff@iﬁspcﬁr}% %ﬁo b&akfeef erence. 15
Mor e Speggai»é&f%wr) “mSPY' bBHni 5 HECOWhehs sbg%%ufsl ed RV outd! BlafienNino t hat

after a ven data unit wa ] ue to a tine-out,.the received

retransmtted
acknow edgoeurred fior somer tipensantiovike versanmwikesedhgaRTOumore but in

ot or m ni FEPSRETRERES: FRESbuRS SBaRLBLS, b1 e Re % ees B e, o r acord of

the rigund-trip tine RTT associated with the connecti on between sendi ng and

recelVing 23 el iihngibh HEPLEA Y20 a L) AN RCHREL Al YrlyPve e
desired way, for example as explained in co-pending European
ﬁatent Applicatiqn_99100274.2, which is herewith incorporated ,
by reference. o |

15

More specifically, a-spurious time—out i$ identified_by
determining that after a givén data unit was retransmitted
due to a time~ou£,hthe recei#ed acknowledgment ié not in
response to the'retransmitted data unit, but in response to

20 the data unit that caused the time-out.

One method of deﬁérmining spurious time-outs can be to have
the sender keep a record of the round-t;ip_time RTT
associated with the connection between sending and receiving

25 peer (this is tyPically done anyway), and especially have the
sender keep a record of'the shortest.RTT'found during the
communication (also referred to as session) up to the point
of time under cdhsideratioh. Then, if an acknowledgment data
unit for a retransmitted data unit is received within a time

30 period that is,sﬁallér than a predetermined fraction of said
shortest RTT, then the sender determinés that this
acknowledgment beiongs to the original transmission and not
the retransmission. This fraction may be set to a fixed

value, or may itself be an adaptive parameter. Naturally, it
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sender kee record of the shortest RTT found during the ' I on
“(al so‘reS@BP@&’s%g as session) up to the.point of tine und5§9W7§erat I on.
Then, if an acknowl edgnent data wunit for a fetransmtted data unit is
received within a time 30 period that is smaller than a predeterm ned

fraction gf %%’Ltdne%@gsfa tRat dHEER ﬁ%&?rvﬁfﬁérxﬂﬁﬂﬁg?i*ﬂ?ﬁewkﬁ

acknow edgnent belongs to0 the original “transm ssion and )
r et r ansni ssiigh frajgitdoir det itdre mhodiesirtmeaswréd xRUT, vmhoh, rathenyikt §8| f

be an adaptive paraneter. Natuyrall it 19 ~191~1: WD 01/ 13587

PCT! EP00) G885 BAS HRIE. e dis SR HEESRaP | S¥RERAPUR P REBPY ed wi th
sai d fractdiih ias -thite abtd edntiRsfdd SRI,T af@cthaet BRL s| hvesaﬁal g8lue
possi bl e that the sender keeps an average RTT val ue, such as the above

nent i obed iSRPBehR® Ehaasis for dhgdefprrinationsef apusipusi §iMer t he
e r o oot . ; e t . |
eterm na &%.eg%;t&&géa%ﬁéé ”Pth&%anpéﬁégk} m&g&gem Bg ﬁﬁp?géﬁea pg' ue

to be nulti rdction 1s gener unction o e or re
RTT val uesirkdsacdd am itsheyermrasld wfa themctohomcof oonéi oremodar REF t he

session). 10 Another possibility of determning spurious tinpge-outg is to
ave the SEHHES BARSITRE A1 FRECPHATS F KRS goBBRALIORNe SsaPHETRPK i s
defined i s that it allows to distinguish between an origina

transm ssion and a 15 retransm ssion. Then, the receiver can accordingly
mar k 1l@cknow edgnent data units, such that the sender is capabl e of

oY D AU S80S DRt B0k kLTS 8 800
way. For exawgltthe idervdett hdd a mark to data units that it sends, where

said mark is defined in such a way that it allows to
distinguish between an original transmission and a

15 retransmission. Then, the receiver can accordingly mark
acknowledgment data units, sgch that the sender is capable of
identifying if an acknowledgment refers to the original
transmission or the retransmission. This marking of data
units can be done in any desired way. For example, it would

20 in theory be possible to simply designate a single bit in the
data units, where a value of 0 would indicate original
transmission and a value of 1 a retransmission, or vice
versa. In a general sense, a bitstring can be chosen that may
also convey some more information. However, in connection

25 with protocols that provide such an option, it is preferred
to use the timestamp option. This option is for example well-
known for TCP, see the above-mentioned book by W. R. Stevens.
In other words, it is preferred to include a timestamp in
sent data units, which indicates when the data unit was sent.

30 The receiver can then simply include the same timestamp in
the acknowledgment messages, so that the sender has a unique

way of identifying the data units to which the acknowledgment

refers.
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20 in theor b%vp055|ble to sinply designate a single bit in the data
units, a

of 1 a retransn133|on, or vice versa. In a general sense, a bitstring can
be chosen that may also convey sone nore information. However, in

S0 ee t e frnhd L OILREEL8n kT B K MRV BE "B ntRH, Sk ichatn sBEr of o
TCP, see f£@c@spows§@o§ i gnadranls l% Waal ?tl%req\&e%ntrlcﬂ Qifer words, it is

preferred to include-a tinestanp in sent data’units, which |nd|cates when
the data msemtsmessooth‘eheeB’éOvéthganredentgrorpl ¥ni pthede wolrdlss ane

t t d h h d
wny ot 1 N 1T REEdL TR oURE BRE R Thnb Bhrb PeBSRERRe PR Er8" 50
VO 0151358m)ﬂﬁiﬁﬁﬂﬂﬂé0€55§a Returning to equatlon (11), it may be p0|nted

out that the factor O(SPTOis a means to adaptively control the
conservativeness of the RTO: (the.predictor). In other words,, the nore

Spuri ous A1dE; e 9eFlet B MERSAORACEYBHELC (1DP plyTEO snglyceae versa.

Al so, the paranmeter  w shown in Figure be a ue or atime
vari abl e waammao;uattzmewwahlahbepvewueuSJuehbadlwmnhsthanpreylpnsferably

equal to t bove mentioned 10 unc thresh +.1 t hat
depends o @ﬁﬁﬁ%br? gelﬁaPﬁ ?E? Ha?qPéf ﬂ8|ga?| §°3F Pﬁ@tﬁﬁﬂggr of
out suandi fgnéedién Uni ts. gNatusaksyhrébr above enkedaepehdsdesackinbed in
connection with equation (11) can be copbined wth one or nore or

equat i ons2RBOPYE3te (Baugmeber gsthgtois(dpdigativeany absi pumbervaf.
Pref erabl <¥ut§€'§nc‘i’fﬂ&r&9§t'{£§t9f L2126 COEAaNSEoYE Bribodiment

described in connection with equation (11) can be combined

with one or more or equations (5), (6), (8.1) to (8.4) or (9)

15 in any desirable way.

Preferably, the determination of RTO in accordance with -
equation (11) is bomplemented by the setting of a maximum
limit value and a minimum limit value, as shown in the

20 following equation:(16):

RTO <« (SRTT + w - RTTVAR) - ®(SPTO) -
RTO = MAX{RTO , RTT + n - TICK}
RTO = MIN{RTO , Teonst} (16)

25
where MAX({x,vy} giﬁes the maximum of x and y, and MIN{(x,y}
gives the minimum of x and y. TICK represents the timer
granularity, i. e the smallest amount of time that the system
can resolve, n is a positive integer, and Teonst 13 an upper

30 time limit, such,that RTO does not become exce551vely large.
For example, Tconst can be chosen as 64 sec. The integer n is
preferably 1, suéh the second equation §f (16) means that RTO
is always determined as at least being larger than RTT by one
tick.

21
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equation (11) is conplenented by the setting of a maxinmum_lim¢t val ue and
"a mini rrur’é‘Pf'z’rF‘ﬁs"val ue, as shown in the 20 followi ng equat i PrT/ER¥7538T0 E-
(SRTT + w RTTVAR) 0 (SPTO RTO = MAX{RTO, RTT + n TICK} RTO= MN{ RTO
, Tconst } (16) 25 where MAX{Xx,y} gives the maxi nrumof x and y, and

M N{x,y} gives the mnimumof x and y. TICK represents the tiner
granularity, i.e. the smallest anount of time that the system can resolve,
N is a pospid etilmRPest aﬁild;ﬁTp@ﬂsana51aaegpm@mi;£:0fbirnmu Maly, alsehpehat
RTO does not become excessively large. For exanple, Tconst can be chosen
as 64 sec.utfiized égbrC?PfF%Cthﬁ’éf‘é%gbl?nI,Ogu‘éhet p&heac eMPoddmenitsn of (16)
neans tha.ta is always determ ned as at | east being larger than RTT by
one tick. 21 =ie~r WD 01/13587 PCT/ EPO0/ 07556 The setting of an upper and
lower Bimt..for RTO may also be wutilized in connection with any of the

th nbogdi ment . 5 1n the follow di nent, wi LI,
Gescri bea Tmiee Tolloyfien ot SRBetfpeltcBiLaBes CRRG BER itk it | s
a preferragh&ondd Nekd Sen el vt B6naba¥esagnechest! ode, akdch afselared to as

the Eifel retransmission tinmer. More 10 specifically,. this best node
consi sts iprefEeered reompiI@rien 6| thasabpve RBPectSRTIL( 1P alg® g = h =

Vw = 1l(s§éf@f§€ﬁ+£&)aél§ﬁe Eifel retransmission timer. More

10 specifically, this best mode consists in determining RTO as

follows:
A = RTT - SRIT (17)
15 g=h=1/w = 1/(ssthresh + 1) (18)
SRTT « SRTT + g - A (19)
IF A > O THEN
20 IF A - RTTVAR < 0 THEN
. RTTVAR < RTTVAR + h? - (A - RTTVAR)
ELSE
RTTVAR <« RTTVAR + h - (A - RTTVAR)
ELSE
25 RTTVAR <« RTTVAR . (20)
IF "spurious time-out" THEN
SR « MIN{NC, SR + 0.5 - (1 - SR)}
30 ELSE

SR « SR + {1 - (K/M)) (21)

RTO ¢« (SRTT + w - RTTVAR) - ®(SPTO)

22



SRTT F- SRTT + g A(19) IFA>0 THEN 20 IF A - RTTVAR < 0 THEN RTTVAR
E-- RTTVAYOM/I387 (A - RTTVAR) ELSE RTTVAR F-- RTTVAR + h KOT/EPWRAUTISAR)
ELSE 25 RTTVAR E- RTTVAR (20) |F "spurious time-out"” THEN SR +-- M N{NC,
SR+ 0.5 (1- SR} 30 ELSESRF SR (1 - (K/'M) (21) RTOF (SRTT + w
RTTVAR) (D (S PTO 22 ...... s «++ ... ... WO O01/13587 PCT/ EPOQO 07556
RTO = MAX{ RTO RT®RTH MAX{RTCK} RID + M I CHCKITO , Tconst } (22) 5 The above
parameters and values_are all defined in the preceding enbodinments, such
that a repetitFoh DIMEEERTPt ¢ ofesnstdnd preferred val ues i's not nedsary.
This series of calculations (17) to (22) is carried out each 10 tine that
a value of RIT is neasured. In other words, the value of RTO is updated
for every neasurenent of RTT. In all of the above enbodi nents, the various

cal culati re based on_th asurepent _of ,round.trip.ti val ues RTT.

15 Pré ergﬁ?y?M$%§s%a%%%%gﬁﬁﬁeﬁ?geg$gu§8na%gtgaifgﬁgé989ylﬁag§eUnit that is
sent, in pepeeding émbodkments) nphenethati ansepbtitEbn Wi el Fanlix ibnge one
data unit at a tinme, so that on average there is only one RTT measurenent

per RTT. @ Prefegred valqes is not nécessary.

This series of calculations (17) to (22) is carried out each
10 time that a value of RTT is measured. In other words, the

value of RTO is updated for every measurement of RTT.

In all of the abo?e embodiments, the vérious calculations
were based on the measurement of round'trip time values RTT.
15 Preferably, these measurements are conducted for every data
unit that is sent,'in departure from known implementations of
TCP, which only time one data unit at a time, so that on
average there is énly one RTT measurement per RTT. The timing
of every data unit sent. is preferably done by utilizing the

20 time stamp option, as e.g. defined for TCP in RFC 1323.

As already mentioned initially, the present invention is
applicable to any data unit communication system that
provides retransmission and time-out, such as e.g. TCP or

25 similar protocols. A preferred application of the present
invention is in wireless data unit switched communication
systems, in which changes in available bandwidth can be
significant, which in turn leads to strong'variations in RTT.
Examples of such systems are GPRS (General Packet switched

30 Radio System) and UMTS (Universal Mobile Telecommunication

System) .

Although the preSent invention has been described in the

context of concrete embodiments, these only serve the purpose

23
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of every ynjt sent. is preferably done by utilizing the 20 tine stanp
opti on, ‘ggé’ B¥tefined for TCP in RFC 1323.. As al ready nBRTEBAUEySSS
initially, the present invention is appli cable to any data unit

comuni cat i on systemthat provi des retransm ssion and tinme-out, such as
e.g. TCP or imlar protocols. A preferred application of the present

i nvent i on o selxﬁ’ PéF‘@s@aatPéemft SvieIHe P drnhi RREFOM Sskikliedsinin

whi ch cha a I ndwW iy n
loads To Sreonttiarrs toss en Rl digE ke be Sk CElNe MR LItheE!
(General Rhekscopsi ohddhedPrRsdink: Symmlomoh.ﬂw'&(rwdeyahe Mo éeded

Tel ecommnllcatl on" System. Although the present invention has been

descri bed TR He context of concrete enbodi ments, these only serve the
purpos® 23 WO 01/13587 PCT/ EPOQ 07556 of explaining the present invention
to a person skilled in the art, and are not intended to be restrictive.
Much rather, the scope of the present invention is defined by the appended
claims. 5 24 WD 01/13587 PCT/EPOQ 07556 1111111 121212 LELEL BHibb bi F1nld
| ¢ M$ Cains 1. A nethod of.determning a paraneter (RTO associated 5
with a retransm ssion tine-out feature in a data unit transmtter

i npl ementing a protocol (TCP) that provides an acknow edgnent feature of
sendi ng acknow edgnment rnessages for the correct receipt of data units.from
the receiver to the sender of a comrunication, and provides

24



3.0 said retransm ssion tinme-out feature of retransnitting data units if
an acknoWPd¥EHBht does not arrive at the sender within aPETHBIMIESShei i od,
conprising the steps of: 15 measuring a round trip tine value (RTT), the
round trip tine being indi-eattve of the time that passes between the
sendi ng of a given data the recei pt of the acknow edgnent
correspondi ng 'éHl m*iig unit, 20 calculating a new snoot hed round
trip time valu | east198ghe basis of a stored snoot hed
round trip time value (SRTT(oId)) an measured round trip tinme val ue
(RTT), 25 caIcuIatlng a new nmean- devi ation value (RTTVAR(new)) indicative

of the a Vi fe S I t
| east on g\as%tseh%gi ot cfeo l#e}g‘r# dae&ﬁ%él%ent%él ue c(’%‘l‘%?éy%d?él m:al S

tmaasutsed F O:de_tﬁ'f gfe(ﬁ?n@{midfrﬁzimfbwlalﬁbatmedlﬁ n@otidea &0itound
rip tine val ue 0 an t t RT. %

| east on the - g"ssmld’ftesralld‘zprmeéﬂfddcla‘?ng%ﬁl i f &?ﬁgggﬁg[ﬁ£ 2 a?]evv))

and sai d new nRan a\Alddimert e dHRIHR/ARE r@aﬁamasamm

PCT/ EPOO/ 07556 1T hilj 2117121 1000 FLELI [0 M Characterlzed .in

that a contri messages fxut theeaanrery dtﬁrraem ppfuqla@ta/a\mzet% £ram)the sai d

[rip thme val decret o i teiar f oo Rl Ertidh, A4 grapraed round

10 sald retransm1351on time-out feature of retransmitting
data units iffan acknowledgment does not arrive at the
sender within a time-out period, comprising the steps
of: B

15 measuring a round trip time value (RTT), the round trip
time being indicative of the time that passes between
the sendingfof a given data unit and the receipt of the

acknowledgment corresponding to said given data unit,

20 calculating a new smoothed round trip time value
(SRTT (new)) at least on the basis of a stored smoothed
round trip time value (SRTT(old)) and said measured

round trip time value (RTT},

25 calculating a new mean deviation value (RTTVAR (new) )
indicative of the mean deviation of said round trip time
values (RTT) over time, at least on the basis of a
stored mean deviation value (RTTVAR(old)), said measured
round trip time value (RTT) and said stored smoothed

30 round trip time value (SRTT(old)), and

calculating said parameter (RTO) at least on the basis
of said new smoothed round trip time value (SRTT(new))

and said new mean deviation value (RTTVAR(new)),

25




TH(SRTT(0l d that is detern1ned_gn_Lhe_basLs_oi_saud st ored snoot hed
ﬁougd tl’l( CN’résaval ue (SRTT(old)), asur e CCTERYOTSS6p ti me
val ue (RTT) is greater than said pr ml} mn | “ﬁhol d (TH(SRTT(ol d))).
2. The nethod of claim1l, characteri pr edet er m ned
threshold (TH(SRTT(old)) is equal to said 15 stored snDothed round trip
time value (SRTT(old)). 3. The nethod of claim1 or 2, characterized in
that said newdmaradctrisdednnyaiher (RTTVAR(new) ). | cal cul at ed as bei ng
equal to or smaller than said stored 20 nean deV|at|on val ue (RTTVAR(ol d))
i f said measured round trip tinme value (RTT) is snaller than said .

redeterm ned t d§¥¥¥ ( ) e o) ae _0 I ms
'Ito o 3, char acterajlqze i%d%l%rﬁggs%% nrae%%le%%@ eérl&té?lgﬁgé fo'glgle( k?%b%R( new) )
is cabcul at ed @ fumcsaxm rw geegah sdeviat veanvakue af RDOVARGhee) ) is

(RTTVAR(o0l d)), | snbo hed roun tri tipme val ue % | _), _
sai d neasured f (ﬁ)#% 1 FRSHERT %ﬁ% LEIR ﬁ?efgéi ﬁ;% f said
nmeasur ed 30 rouyngd §rda]plé1.+ r&a&alyq:ﬁé:&éfﬁetrﬁmé’dg@ﬁré@ﬁmaal d predeterm ned
t hreshold (TH(SRTT(ol d . The method of claim4, characterized in that

said wei ght f alcREbES qlsdx/)a)rutenﬁ% vdetermined ow the1basis of said
PCTI EPOOT 07550 stdidd | dnldditidd foddd et ! ind |yl (Shnfl o107, ToLhigd o

claimb5, char acterize new "= nean devl a ﬁfnemb)
i s caltoul at ed dsf sa@idReds{red)round trip time value (RTT) is greater

than said predetermined threshold (TH(SRTT(old))).

2. The method of claim 1, characterized in that said
predetermined threshold (TH(SRTT(old)) is equal to said
15 stored smoothed round trip time value (SRTT(old)).

3. The method of claim 1 or 2, characterized in that
said new mean deviation value (RTTVAR(new)) is
calculated as being equal to or smaller than said stored
20 mean deviation value (RTTVAR(old)) if said measured
round trip time value (RTT) is smaller than said

predetermined threshold (TH(SRTT(old))).

4, The method of one of claims 1 to 3, characterized in
25 that said new mean deviation value (RTTVAR(new)) is
calculated as a function of said stored mean deviation
value (RTTVAR(old)), said stored smoothed round trip
time value (SRTT(old)), said measured round trip time .
value (RTT), and a weight factor (h) if said measured
30 round trip time value (RTT) is larger than said

predetermined threshold (TH(SRTT({old))).

5. The method of claim 4, characterized in that said weight

factor (h) is variable over time.
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RTTVAR(old) '+ h_ ((RH—SRIT(old)) - RTTVAR (old) ) if sai red round
trip ti nl‘-iv&/‘H(‘a%”( RTT) ter or equal to said predet gf:%ﬁﬁ@g#ﬁfe“shol d’
10 (TH(SRTT(ol d))), wh "m,ﬂepresents the new nean devi ation
val ue, RTTVAR(ol d) repr d nean deviation value, SRTT(old)
represents the stored round trip fink value, RTT represents the neasured
round trip time value, and h represents said weight factor. 15 7. The

nmet hod of;z cl ai rd i t ; vi T al ue
(RIvAR iy 5 THe metIE G EIC b 3, |lplr 2t de DEUL IR SOnac sald e l°

SRTT(ol d)) - REEVAResti@bion waiue ntREIVAR(newhd isipatenbated@sS{RTT) is
greater or equal to said predetermned threshold (TH(SRTT(old).)) and 25
(RTT - SRTT(old)) = RTTVAR(old) > 0: and as RTTVAR(new) = 30 RTTVAR(ol d) +
h2 ((BTT - SRRITMAR fnew)REVAR(ol d)) if said neasured round trip tine value
(RTT) is greater or equal to said predeterm ned threshold (TH(SRTT(ol d)))
and 27 WO 01/ REES/ARLK1 1 H +1{1RTT1+1 SRTTX01d) ) PETREPVARI?3EG) C L (RTT -
SRTT(old)) - RTTVAR(old) < 0 where RTTVAR(new) represents the new nean
deviation value, RTTVAR(old) represents the stored nean deviation 5

val ue, SRTT(olih JE11 e $rdder&imd eghr iPUDTiné rva1hé NERTT) is greater
or equal to said predetermined threshold
10 (TH (SRTT (0old) )), where RTTVAR(new) represents the new
mean deviation value, RTTVAR(old) represents the stored
mean deviation value, SRTT(old) represents the stored
round trip time valﬁe, RTT represents the measured round

trip time value, and h represents said weight factor.

15
1. The method of claim 5, characterized in that said new

mean deviation value (RTTVAR{(new)) is calculated as
RTTVAR (new) =

20 RTTVAR(old) + h - ((RTT - SRTT(old)) - RTTVAR(old))
if said measured round trip time value (RTT) is greater
or equal to said predetermined threshold (TH(SRTT(old)))
and '

25

(RTT - SRTT(old)) - RTTVAR(old) > 0,

and as
RTTVAR (new) =

30 RTTVAR (old) + h? - ((RTT - SRTT(old)) - RTTVAR(old))

if said measured round trip time value (RTT) is greater
or equal to said predetermined threshold (TH(SRTT(old}))
and
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val ue, RTT re&ré%sentsmmﬁﬁdﬁa trip tinme val ue, Q%E(&P?ioz@ggﬁesents

‘sai d wei JHe ¥ mmum m “ﬂ e of clainms 4 to 7, zed in
10. that the val ue of

(h) at a given tinme 1is associated
with a value (N, SN, sst'hr.ésh

i ndicative of thé& nunber (N) of data units
that were sent up to__said en _tjime, hut tha re not acknow edged up to
said given tine. 15(§TTTﬁeﬁ%¥ﬂﬁﬁ}qﬁ)(ﬂéﬂ?ﬁ%ﬁRéﬁﬁghcfegized In that said

value (N, SN, ssthresh) indicative of the nunber (N) of data wunits that
were sent up to said given time, but that were not acknow edged up to said
given tinme, iswheseoRTTMAR (new) mﬁms%m@s othelapewunean dauiatdes sent up

%2 Smot hed avardie CagVA (ol SelRadENg "5 SEokln Mlanr ey Rak el ™

sent up to sai drdinegn SRTIEjoldutrdpidsewte tivé stknewl edogrd tpipotimed
given time, and - the slow start threshold (ssthresh). 30,10. The nethod
of claim8 or ¥alyear M‘%rﬁ%ﬁ?ﬂ‘-’t%a‘% he gpepsyeedhrovadt BriPhfime equal to

the inverse vakggT l e Vah 18 (i ool Fasthresh) indicative of
ata unlts t

the nunber at were sent up to sard given 28 WO
01/ 13587 11111111 PCT/EPOQ 07556 * LILLILLEEEErrrrrrrrrrr MStime, but

that were Q.Ot aﬁmken?nvgtq'go%d fjporEeO oS Igla(r:'ir}{gné to 7, characterized in
10 that the value of said weight factor (h) at a given time
is associated with a value (N, SN, ssthresh) indicative
of the number (N) of data units that were sent up to
said given time, but that were not acknowledged up to

said given time.

15
9. The method of claim 8, characterized in that said value
(N, SN, ssthresh} indicative of the number (N) of data
units that were sent up to said given time, but that
were not acknowledged up to said given time, is one of
20 the
- number (N) of data units that were sent up to
said given time, but that were not acknowledged up
to said given time,
- a smoothed average (SN) of said number (N) of
25 data units that were sent -up to said given time,

but that were not acknowledged up to said given
time, and

- the slow start threshold (ssthresh).

30 10. The method of claim 8 or 9, characterized in that said
weight factor (h) is equal to the inverse value of the
sum of said value (N, SN, ssthresh) indicative of the

number (N} of data units that were sent up to said given
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time, and one:. 11. A method of determning a paraneter (RTO ass%%ia;ed 5

with a reOONRSET ssion t”,m in a data unit tr 0{02p

i npl ementing a protocol ﬂ'"ﬂﬂm)lﬂﬂ!’l des an acknow edgnent feature' of
sendi ng acknow edgnent “me§sages’ for #he correct receipt of data units from
the receiver to the sender of a communication, and provides 10 said
retransm ssi ortimeye-bmit thedt warefnoktacknowlkedged wptbtouptid given

acknow edgnent,_.does n%% arrive at the sender wi:thin a tine-out period,
conpri sing t h&X & pfnY°™85 neasuring a round trip tine value (RTT), the
round trip tinme being indicative of the tine that passes between the

sending of a given data unit and the receipt of the acknow edgnent
cor r esporidi ng & araldied @Q&F%@WQ,aﬁ’gﬁl‘%‘iﬁ%tf%ﬁoh ﬂ%ﬁ?gﬁ%é? ed round

trip ginme val ygef %@%&(ﬁéﬁ%@%iﬁ%ﬁ\? Pasterofia steaed snpet hed

round trip tinme value ( . said nmeasured round trip time value
(RTT), and a firatswvigitght fremlemer(ting 26 prdtetal i (ECR) nebabepnovedeat i on

I RTTVAR i ndi cat i f_the nmean deyi ati f Iy dtri
Ve val ues (WrACKRR addent fratife G HENLE Sopbe E8uineit ean
devi ation val ygdFIJMAKS e Stk FedBassdibt IOfNdatsi gnitSefyohuehéRTT) .
said stored smoothed round 30 trip tine value (SRTT(old)), and a

second. wei ght fegaisrer (49  thadenden| of i - CYHMN IR BHeR or 2RRTRFO¥EIPRast on

the basis of sa dethg ol 1P #4488 9 £SRIdESRMEing29 VO
01/ 12@87 I lls_slailéjt %%%11 1{111 pCT, EPOCO, 07556 - 111111 CL M S s
data units if an acknowledgment does not arrive at the
sender within a time-out period, cémprising the steps

of:

15 measuring a round trip time value (RTT), the round trip
time being indicative of the time that passes between
. the sending of a given data unit and the receipt of the

acknowledgment correspohding to said given data unit,

20 calculating a new smoothed round trip time value
(SRTT (new)) at least on the basis of a stored smoothed
round trip time value (SRTT(old)), said measured round

trip time value (RTT), and a first weight factor (g),

25 calculating a new mean deviation value (RTTVAR (new) )
indicative of the mean deviation of said round trip time
values (RTT) over time, at least on the basis of a
stored mean deviation value (RTTVAR(old)), said measured
round trip time value (RTT), said stored smoothed round

30 trip time value (SRTT(old)), and a second. weight factor
(h), and

‘calculating said parameter (RTO) at least on the basis

of said new smoothed round trip time value (SRTT(new)),

29
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oy e B e T A Vi‘\'\\ﬁﬁlmﬂﬂvﬁ\ﬂi”m or a8 s, hoRat T
vvel ght factors (g, Hm ver time. 12. The rret hod of claim

11, characterized in that ‘t hé& value 10 at a given tine of said at |east
one wei ght factor, ~associ ated wth a val ue &N SN, ssthresh) indicative

of the nunber sﬁﬂ)dd'f BT ?‘él?ﬁla?nvxléf‘éu%r‘g BYARGnew) d , /@ thdgd but
that were not afddghd eElgrebpP(%p, said given tine. 15 13. The nethod of
claim1l or 12, characterized in that said first (g) second (h) and third
(w) weight factor are tine dependent, and said first (g) and second (h)

wei ght factor g Vs id third weight factor (w) 20 is equal
ACGLERY 1T

to the inverse va u wei ght factor (g). 14. The net hod of
claim %2 and 13, characterized in that said first weight factor (g) and
sai d second me%aﬂ 25 factor %% Is_equal to the inverse value (1/F) of a
predet er mi ned fANCKSHH (FYe HL %Fvg}ﬁét(hFeSRPdséﬂﬁrébhrdlHéieatlve of

the number (N mictbda ) s, dhaisWELisEDE YPelOr$akd 9iven time, ' but
that were not acknow e ged up ?o %ald E?ven |ﬁ% tgﬁ "said third 30 weight

factor (w) is equal to said function (F). 15. The method of claim 14,

characterigzed i p det ned fun F s.the sumof said

val ue (N N, Th fwea §H|?%|% Ve g} charag EFZ?§)£BftBéFatBﬁ|Y§l§G
at a given time of said at least one weight factor, is
associated with a value (N, SN, ssthresh) indicative of"
the number (N) of data units that were sent up to said

given time, but that were not acknowledged up to said
given time.
15

13. The method of claim 11 or 12, characterized in that said
first (g), second (h) and third (w) weight factor are .
time dependent, and said first (g) and second (h) weight
factor are identical, and said third weight factor (w)

20 is equal to the inverse value of said first weight

factor (g).

14. The method of claim 12 and 13, characterized in that
said first weight factor (g) and said second weight
25 factor (h) is equal to the inverse value (1/F) of a
predetermined function (F) of said value (N, SN,
ssthresh) indicative of the number (N) of data units
that were sent up to said given time, but that were not
acknowledged up to said given time, and said third

30 weight factor (w) is equal to said function (F).

15. The method of claim 14, characterized in that said
predetermined function (F) is the sum of said value (N,

SN, ssthresh) indicative of the number (N) of data units

30
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t hat wer WOS3A3587p tommmu'“m ulmm but that were not EBEWEBRWMHSed up
to.said given tine, ¥he net hod of one of clains 12 to 15,
characterized in that s&id value (N, SN, ssthresh) indicative of the

nunber (N) of data units that were sent up to said given tine, but that
were not ackn aéfddﬁf%psqrﬂ"s‘%ﬁd:%ﬁlae’ré JITRN tAmenPRE BRRT 1¥ere Mdber (N)

of data units JdidoWRIRyeBip W tshidaitvdh eind | MBnd PYhe ! hat were not
acknow edged up to said given time, a snoothed average (SN) of said nunber

(N) of data units that were sent up to said given tinme, 15 but that were

not acknow edged up to said given tinme, and the slow start threshold

(ssthresh). 17. A nethod of determ ning a paraneter (RTO associated 20

with 8 retéanghes setthdd ref wtle feefitalieimsn B2 dad al Bni¢hataeterizédrin

I mpl enenting a _protocol (TCP) that provides .an ackpow edgnent feature of
g

sendi ng acknow - @Y B} tsr%t}bﬁsrké)cﬂ?%%?'ﬁ-‘r‘.’%foﬁaﬂ&e units from
the receiver figddie gAY KL HRTHLA e aé%tpr@[ﬁ("g@-ssgﬁ% S%:i.fen

retransm ssion tinme-out feature of retransmtting data units.i

acknow edgnenttidmgs vt that were ndie aciomickedgedivp ate i seidugiveni od,
conprising the ,steps, _ of: 30 asuring a round trip-time value (RTT), the
round trip ti edeiJT‘Fg cTrhedioc’-:at e of the time that passes between the

sendnog of a given -dahmper t(NBNGH avLaRiids Afhdthavens kswd agdgnedt
corresponding to said given data unit,
said given time, but that were not acknowledged up
to said given time,
- a smoothed average (SN) of said number (N) of
data units that were sent up to said given time,
15 but that were not acknowledged up to said given
time, and

- the slow start threshold (ssthresh).

17. A method of determining a parameter (RTO) associated

20 with a retransmission time-out feature in a data unit
transmitter.implementing a protocol (TCP) that provides
an acknowledgment feature of sending acknowledgment
messages for the correct receipt of data units.from the
receiver to the sender of a communication, and provides

25 said retransmission time-out feature of retransmitting
data units if an acknowledgment does not arrive at the
sender within a time-out period, comprising the steps
of:

30 measuring a round trip time value (RTT), the round trip
time being indicative of the time that passes between
the sending of a given data unit and the receipt of the

acknowledgment corresponding to said given data unit,

31
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“cal cul at NP4y sm)otlmnmwllﬂlmm lmme vaI ue (SRTT(nd®l J"E{S"??sgast on

the basis of a stored s ip time value (SRTT(old)) and said
measured round trip tink Valde *RTT),” 5 cal cul at'i ng a new mean deviation

val ue ( RTTVAR i.ndi cative of t an devjatiop.of said round trip
Ve val ues (RIEHIAIY Fuheid Shootie g atnbartele fifs S81fiecd ean

devi ati on val usRTITT(RAR(0l £t )lesst Coreelsereds18 6§U8dst6ir§dt shotalede (RTT)
and said stored snmpothed round trip tinme value (SRTT(old)), and

cal cul ating sHPhriahR drineRiylee (ZBET (ohdi heabdspaidomesgigedew
smnoot hed roun%é%cg) éfﬁaer/ eva(ﬁngW) 15 and sai d new nean devi ati on

val ue (RTTVAR(ne erlzed | at said paraneter (RTO is also
cal cubat ed on the basis of 20 a value ((D(SPTO indicative of the nunber

(SPTO of spurlous tiye-outs that occurred,in sa tion,. between
sai d sender ]sca‘fltaa‘?]e‘b%l"i‘/e‘?ew TREAF e%?ﬁbanoYaiPﬁ nggﬁgﬁa'&t)erl zed in
that said 25 Dl 2Rt Bre (5 Qhé sméah Cbal 818 8£PEATHCkoQhda thiipStk imfeact or
that depends on said new snoothed round trip time value (SRTT(new)) and

sai d new mean Gelmes i ORTTh| oeer (RIMYARRhelpiStand hhsebasdsf 8t & t hat

depends on sal T 30
timo-outs, 105 radedh devickloh 0RTAL) KRrELARIE BN Chall HREWELY,
val uao( (D (SPTﬂ)L)nd rr@lri:gattmo&allhe RTDEr an8l spbidi eudred smoothed

round trip time value (SRTT(old)), and

calculating said parameter (RTO) at least on the basis
of said new smoothed round trip time wvalue (SRTT (new))

15 - and said new mean deviation value (RTTVAR(new)},
characterized in that

said parameter (RTO) is also calculated on the basis of
20 a value (P(SPTO) indicative of the number (SPTO) of

spurious time-outs that occurred in said communication

between said sender and said receiver.

18. The method of claim 17, characterized in that said
25 parameter (RTO) is calculated as a product of a first
factor that depends on said new smoothed round trip time
value (SRTT(new)) and said new mean deviation value
(RTTVAR(new)), and a second factor that depends on said
value (P (SPTO)) indicative of the number of spurious

30 time-outs.

19. The method of claim 17 or 18, characterized in that said
value (¢(SPTO)) indicative of the number of spurious

time-outs is the sum of one and the product of the

32



time-outs is the sumof one and the product of the 32 WD 01/ 13587 .
PCT/ EPOOMOBS8587f r acti on of the number (n(SPTO)) of data BRTEPO0NO7SS6 -
retransm ssi ons caused by spurious tinme-outs divided by the total nunber
(n)' of transmtted data units over a predeterm ned period of tinme and a

mul tiplication factor 5 (f). 20. The of ¢claim 19, ,6characterized in
that said nufEaeticR |°cfn(tfl'g§‘ctr51mkﬁ’§ ﬁIgF%éj@[)ermgr&%%aﬁm{'B fifty. 10 21.
The method of (Qiqi-Mshd ¥ickd: HNHALISY iFatkidud heimsabat s val vedéd DypPTO) )

i ndi cative of the nunber of spurious °‘time-outs is a snoothed average (SR
det er mi ned on thi€e tatadi qugbeathelmurdfert ARt sdataeunits OY8Y 23 The

met hod of cl aim-2 charac |.Zzed, 1 Nt ' : e S
det erm ned suﬁﬁq%ﬁeﬁé%%%réé%oﬁ e%gn%rsl%&clgsa ?ﬁ%%glé%{?{?g gée(?g%% ned
i f sagd acknopd)edgnment indicates a spurious tinme-out, in which 20 case a
stored val ue of said snoothed average (SR) is updated as the m ni mrum of an
i nteger constant (N) and SR + wsr (1 - SR), where SR represents the
stored val ue of said snoothed average, and wsr represents a weight factor,
and 25 if said tine-out is not a spurious time-out, said snoothed average
i s updat e2b as Thee mErtha tobHfckain 1%+ ctharacteri zedsindtBabosAtd aver age

d d ' f . 30 T, ) ' : i zed.
Tt hat a0 T RLICHY R §R50 o (£F T 956 fer Cof! Quady EQRERELPITzed
10 : : ) o

21. The method of claim 17 or 18, characterized in that said

value (®(SPTO)) indicative of the number of spurious
time-outs is a smooﬁhed average (SR) determined on the
basis of the number of spurious time-outs.

15

22. The method of claim 21, characterized in that said

smoothed average (SR) is determined such that when an
acknowledgment is received, it is determined if said
acknowledgment indicates a spurious time-out, in which

20 case a stored value of said smoothed average (SR) is

updated as the minimum of an integer constant (N) and .

SR + wsr - (1 - SR),-
where SR represents the stored value of said smoothed
average, and wsr represents a weight factor, and
25 if said time-out is not a spurious time-out, said
smoothed average is updated as the product of said
stored value of said smoothed average and a

predetermined factor.

30 23. The method of claim 22, characterized in that said

weight factor (wsr) is equal to 0.5.

[ ———
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"24. The WOWA8Bf claim 22 or 23, characterized in that sZCHFERYEESE i ned

factor is associated-:with a value (M indicative . of. the nunber of data
units sent per cycle. 5 25. The nethod of claim 24, characterized in that

sai d val ( I pdi | .he r,Pf LN rs gy I S5
determ ngg'on%ﬁeﬂ'%lg??}g \(é? g:]"ea 2‘\ ojvgjsgtrn:r%ﬁt h%gésﬁ%#géifzsg hjfgs%‘.gtlgaﬁg. The
met hod of cl aptedetexindnect dactedt s tasdociattbd atitth § Mralsed¢Mpr m ned as
M= 1.5 ssthresh2 where represents said, value and ssthresh represents

t he sIOM/starﬂnFHFé§H8de¥a§ n Ih PR Qﬁé&%ﬁs%?EiﬂErzﬁy53326,'
characterized in that said predeterm ned factor is equal to (1 - (K'M),
where Mrepresents said value (M indicative of the 20 nunmber of data

uni t s5sem®d .pefThey sleghash® K dlaim 24 uechagacterikzed <in that saddnwahve of

one of clains t 7, acteri.zed | | . a I r
limt val ue ar(b)sen%*lgraq%% soaf?c#%eag“adrrn&ee% %gzﬁl#ﬁggén%t Egﬁi%f 9%I;Eai m
28, char act er ideed rrirndthtors aihk |bawi's df nike vellawe sSant tkRasshbbd sum of
the neasured round trip time value (RTT) and the tick size (TICK), where
30 the tick si@S4Eashy snal | est period of time that a timng systemin
said data unit transmtter can resolve.

10 26. The method of claim 25, characterized in that said value

(M) is determined as
' M = 1.5 . ssthresh?

where M represents said value and ssthresh represents
the slow start threshold.

15

27. The method of one of claims 24 to 26, characterized in
that said predetermined factor is equal to
(1 - (K/M)),

where M represents said value (M) indicative of the

20 number of data units sent per cycle, and K is a value
with 0 < K < 1.

28. The method of one of claims 1 to 27, characterized in
that said an upper and a lower limit value are set for

25 said parameter (RTO).

29. The method of claim 2B, characterized in that said lower
limit value is at least the sum of the measured round
trip time value (RTT) and the tick size (TICK), where

30 the tick size is the smallest period of time that a

timing system in said data unit transmitter can resolve.

S
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The net hW@A3BAe of clains 1 to 29, characterized in thaPCTRBOVYHMd trip

time (RTT)

cal cul at
conput er
a digital

net hod of one

is measured for every data unit sent by.said sender. 5 31
met hod of claim 30, characterized in that said paranmeter (RTO is

oo SRR O (B 15 | SR L 158 F A A PHEET e Momory of

The

COMBH=R £ HeOHYUrRd Reris alim@r REDXeL Patiéa Siped ofopesvoryi ng t he

of clainms 1 to 31 when said product is run on a digital

conput er. 15 3@Rtaauddita SENE RY &M t3¥9AeF v anged for i npl enenting a
(TCP) that provides an acknow edgnent feature of sending

pr ot ocol

acknow edgnent nessages for the correct

recei pt of data units fromthe

recei ger 31, t I'thes emeddrodbfof aclainmid0 cathawgcexi pedvimethat reaidnsni ssi on
time-out 20 feature of retransmitti ta,units jif an_. acknow ment
not arrive at W%r&é@hiw acaf‘igﬁﬂaf\'o?ﬂ R oﬁfm%nﬁh%\graomﬁ%'gg‘?or
determ ni ng a ¢ Ay aMmievd IRIO) (REBPCi atishymtdd sai d retransm: ssion
time-out feature, conprising: 25 a neasurenent neans arranged for neasuring

around trip
the tine ?a

receipt o

10

15

20

25

30

t

33.

time value (RTT), the round trip. - time being indicative

t _ | !
nd SRR R E SAME A S P Ton s Mo

internal memory of a digital computer, comprising
software code portions for performing the method of one
of claims 1 to 31 when said product is run on a digital

computer.

A data unit transmitter arranged for implementing a

protocol (TCP) that provides an acknowledgment feature

of sending acknowledgment messages_for the correct

receipt of data units from the receiver to the sender of
a communication, and provides a retransmission time-out
feature of retransmitting data units if an
acknowledgment does not arrive at the sender within a
time-out period, and arranged for.determining a
parameter (RTO) associated with said retransmission

time-out feature, comprising:

a measurement means arranged for measuring a round trip
time value (RTT), the round trip time being indicative

of the time that passes between the sending of a given

data unit and the receipt of the acknowledgment

corresponding to said given data unit, and
a calculating means arranged for

- calculating a new smoothed round trip time value

(SRTT (new)) at least on the basis of a stored smoothed

T
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a cal culating neans arranged for cal culating a new snoothed round tri

p time
“val ue” (WOOYIAEET)) at |east on the basis of a stored smootBfEPNES| |||
111212 rrere rerer e 1 €L MS W 01/13587 PCT/ EPOO/ 07556 round trip

time value (SRTT(old)) and said neasured round trip tine value (RTT),

cal cul ati ng a new pean, deyvj ati on. val TYAR( new) i.ndi cative of the
nean devi ati onr%‘fng:‘?]fjm otHBE t YR PUE| KSR&EISXQL)MS;S a(‘érf)a é‘}eeﬁur?:ee,doat | east
on the basis Ofoﬁhét@fﬁgnﬁﬁﬁg dgyhat (rprryal ue (RTTVAR(old)), said neasured

round trip tinme value (RTT) and said stored snoothed round trip tinme value
(SRTT(ol d)), andéalealatingiagnsdi @epardawiaticrToplae | RIHVASH NG basi s

10 of d . . ] oo

Tean devi ati ot aFGEe TR TOARCRe W pah' BRriatiBal BF) Bt ourf S € A1

cal culsati on neaatués {RTTheoverectameangedlsacit matthea bamwits idfiita on of said
d dtrip.,ti I RTT ' devi at j I

(RTTVAR new)) For8iPERRnRePE2E4Pn FakEe: dBTHOBM g 1370 o d1oRs 4o

is smaller thafoanar€9§be£ﬂine_egaihée%hgw 48d( B REHA Y )smddidled S

determ ned on the basis of sai stored snoothed round trip tine val ue
(SRTT(ol d)), thewnditripi timeavadlue (EBRAE (odidd )t.i @adsal ue (RTT) is larger

t han said predeterm e d ( ) 22 4 d | ts
transmtter arraﬁa%gigFlg%gg%nPlg%g%g&%r 3?(?93% a(trglf’)%%%gin ggrrgevi estslsan
acknoyg edgnent ofeghiidenewf smeodhed seknawedgmimeraasiages(IRIT (reav)qor r ect

and said new mean deviation value (RTTVAR (new)),
characterized in that

15 said calculation means is furthermore arranged such that
a contribution of said measured round trip time value
(RTT) to said new mean deviation value (RTTVAR(new)) is
different if said measured round trip time value (RTT)
is smaller than a predetermined threshold

20 (TH(SRTT (0ld))). that is determined on the basis of said
stored smoothed round trip time value (SRTT(old)), than
if said measured round trip time value (RTT) is larger

than said predetermined threshold (TH(SRTT(old))).

25 34. A data unit transmitter arranged for implementing a
protocol (TCP) that provides an acknowledgment feature
of sending acknowledgment messages for the correct
receipt of data units from the receiver to the sender of
a communication, and provides a retransmission time-out

30 feature of retransmitting data units if an
acknowledgment does not arrive at the sender within a
time-out period, and arranged for determining a
parameter (RTO) associated with said retransmission

time-out feature, comprising:

: A




recei pt of data units fromthe receiver to the sender of
and provWe@e/13587 et r ansmi ssion tinme-out 30 feature of retr RETHEPPAIISSS dat a

units if an acknow edgnent does not arrive at the sender within'a

time-out period, and arranged for determining a paraneter (RTO associated

wWith said retransm ssion tinme-out feature, conprising: 36
1022220 I~ ~1terrr 1t ittl~l €L MS WO 01/13587 PCT/ EPOO 07556 a

measur enent NPansaShraRERE HOANSEASHEhGEdAFbRUREakhirl ngt WM oAU riRT
the round trip tine belngalndlcatlve- of

sendi ng of a ¥inenvabue

a communi cati on

7,

the tinme that "passes between the
T8) untheandundetrépetpmreobeting dokdicatdagrent

For caloul at 7 wiackiShobiabcbatRn prPldennshd, Entil) ok Rafle ar ™

| easts on t he dasa suwitaastiothd seveipedofr ehedatknpwiliedgmenlitue (SRTT(ol d)),
sai d neasured round trlggtine val ue égﬁ;éév and.,a first weight factor (9g),

cal cul ati ng aCHEREFRARAY ARPR& %Y ) @nAndi cati ve of the

i 5P 8ALdapiep

mean devi ation of said round trip time 15 values (RTT) over time, at
.l east on the basis of a stored nmean devi ation value (RTTVAR(old)),

neasur ed

roundcaleplat hngvaeans ( @&FTangedakdrst ored snoot hed round

sai d
trip

cal cul at i ng sar o pevastadf e “SRP e TBkorfCt e, Eihy 1E oy

cal cul ati ng sai

snmoqiched. r oun@sRTT pnéw) e 58l LeasORIA( bRY) basisabd Aewtowedn saevichkidon val ue

(RTTVAR(new)), and a third weight factor

15

20

25

30

35.

round trip time value (SRTT (o gﬁ), said measured round
trip time value (RTT),. and a first weight factor (qg),

- calculating a new mean deviation value (RTTVAR(new))
indicative of the mean deviation of said round trip time
values (RTT) over time, at least on the basis of a
stored mean deviation value (RTTVAR(old)), said measured
round trip time value (RTIT), said stored smoothed round
trip time value (SRTT(old)), and a second weight factor
(h)}, and

- calculating said parameter (RTO) at least on the basis
of said new smoothed.round.trip time value (SRTT(new)),
said new mean deviation value (RTTVAR(new)), and a third

weight factor (w),
characterized in that

said calculating means is furthermore arranged such that
at least one of said first, second and third weight

factors (g, h, w) is variable over time.

A data unit transmitter arranged for implementing a
protocol (TCP) that provides an acknowledgment feature
of sending acknowledgment messages for the correct

receipt of data units from the receiver to the sender of
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25 characterized in that said calculafing means is further r ged
“such thaWOU13%$8ast one of said first, second and third meq%g'[ﬁfm%‘foz%ors (g,

h, w is variable over tinme. 30 35. A data unit. transnmtter arranged for
i npl ementing a protocol (TCP) that provides an acknow edgnent feature of

sendi ng ackno : e I . r i dat a.uURi.$s from
The r ocer ver B CERER CARIMACH P o dih i (£ Qat £ &ibh P Pon (i fielBLES 110

01/ 13587 PCT/ ERa@L@e55¢ retowmanwainghatmdipitoyi dfsam retransni ssion
time-out feature of retra smtiirl data units. jf an a knomigggnent does

not arrive at 2CKROYISFIMERT HAFS Y AELLYS B i e SRRISF - WhGRA"t Br

det er mi ni ng at3Imeabateprir idd Oarith et st WEd P Gt rhehiagsgl ssion
ti me-out feat ure, conprising. a maa.sureman_t means arranged fOI’ ,neasuring a
roundStrip tPREFapetes (REP) asfodiatrA twith t$3dd pephanaiesirte 10 of

the tinme that SeS MR D 5§§g§ f a given data unit and the

recei pt of thgag\(%k%o%\h %grrenté’cgcrr spo%%?%’g to said given data unit, and a

cal cul ati ng neans arranged for 15 - calculating a new snoothed round trip

time value (SRTT(new)) at |east on the Qgs's of a stored snDotae ,round
r

d
trip tine val @ WY MERNS AT RIS B PR LRI p2t FRENGaF HEP(RTT)
- cal cul ati ng t3rRewdRAN deM)al i1 Vedwed (RITYAR(HeVBeingOihadkaat vue of
t he nean deviation of said round trip tine
10 of the time that passes between the sending of a given
data unit and the receipt of the acknowledgment

Corresponding to said given data unit, and

a calculating means arranged for

15 - calculating a new smoothed round trip time value
(SRTT (new)) at least on the basis of a stored smoothed
round trip time value (SRTT(old)) and said measured
round trip time value (RTT),
- calculating a new mean deviation value (RTTVAR(new))

20 indicative of the mean deviation of said round trip time
values (RTT) over time, at least on the basis of a
stored mean deviation value (RTTVAR(o0ld)), said measured
round trip time value (RTT) and said stored smoothed
round trip time value (SRTT(old)), and

25 ~ calculating said parameter (RTO) at least on the basis
of said new smoothed round trip time value (SRTT (new))

and said new mean deviation value (RTTVAR(new)),

characterized in that

30
said calculating means is furthermore arranged such that
said parameter (RTO) is also calculated on the basis of

a value (SR) indicative of the number of’ifiiijii#fiﬁi:ﬂfaj
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values (RTT) over tine, at least on the basis of a stored nea g viation
val ue (PNOHRSET d)), said neasured round trip time val ue"(fwm %8 sai d
stored snoothed round trip time value (SRTT(old)), and 25 - cal cul ating
said paranmeter (RTO at |least on the basis of said new snoothed round trip
time value ( T(n ) i . i afl T, new) ),
char act erii zegﬁgﬁ ttﬁl\égtk g&@%%%%@%aﬂ?%@%@%@&%% erﬁeyﬁtrﬁéanged
such that saethdear amt &ailR@ceaivext.so cal cul ated on the basis of a value
(SR) indicative of the nunber of spurious tinme 38 111111111111111 M S WO
01/ 13587 PCT/ EPOO/ 07556 outs that occurred in said comuni cation between
said sender and said. receiver. 11111111 12112111 11111 11111 11 111l CL M
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