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A Transport layer has been defined 1is Le
Systess Interconnection (0SI) Basi:z Ref:
tajor charicteristic is that it forms the
data communicazion Zunctions (the thrie L
Yodel) and data crocessing fuactions (Lev
The Interrnational Dryanizaticn £oT 3tazonds
currently iefining & Stanldard Traansport S
fcr this LlLayer. dlthough pboth technic
problems aze presently hiadering th2 ac
objective, 1t is clear tanat a fica and
international standard in this arer is u
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Fage 2

service Letveen users of Jdifferant ictarcccnnected systems
irrespes tive of their location anl the netwcrk topology
(pumpber cf intermediate aodes, a2twork access mechanisas
etc) .

i g Fe A o s cmeh

..... ge Spegiiizatien

The adopted  pmethod to describe th: transport service im a
non-ambigou s manner is tae traansport ssrvice defipition in
terms of a set of implementatios independent . service
ppimitives. . Such a transzort ssrvice definition.is . the
first and  necessary step toward thz specification of the
transport layer protocol /TS80/. Th: ssrvice primitives are.
ccnceptual and are not directly related to . tramsport
protocol elements, nor seen as rfaacro calls® c¢f an access
zethod to the <transport service., Jnly tiose aspects._vhich
i mpact the ccommunication between the users of the transport
layer are considered in the Sarvice primitives. The
mechanisms vhich = are caly related to local «conventions
betveern tha transport secvice user inl th: transgort service
precvider are not defined ia the modsl., &t service primitive
is defined tLy;

- the unit ¢f service wkbich it grovii:s,
- Lts 'dimction?,
= the set >f parameters associzted vith it

1

the zelationship

g~

PThe dirscticn of a se-vice prisitiv: is

petween ths iser of the +tramsport livyer and the transport
layer. Seryice prdisitive regusst 1s a3 prximlitive directed
frcm the tvser of the <transporz liysr to the +: ranspoct
service privider vhereas a jezvice primitive Jpdication is
directed vice-versa, The service pripitive [arameters arce
speciiied Dby theiz raunje of pacmissible values. Th

transport service 15 noampijously specified by the
jefiniticn c¢f the ser vice p-imictives and the defirition of
the services primi lves rela ticuaoshi ps,

2,2 TranspaIt Secvice Primizives

in this  chapter ve sumsacize the Ttansport Service
Primi tives as proposed in documents provided Lty the min
standardization groups, 3 short daszripticn of their
fupcticnality is given o2ased on d2cumsnts /1S8[ /. Only
'connection oriented! transport servisess ire defined at ihe

present time in the official documants, but a lot of work
as to be mentioned for the 'sonnecxtionlesse! and Past
Zcnnec /D;sccnn Ct services, The r£2351lts may te expected tc
pe integrated in fuzure I30 documsats,

This section describes infcrmall 2 Services pfovided to
the Session Layer from the TILanspo: Layer. Tlese Services

oY oy
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Services for
These

Transpcrt

Connections

are

two-pol nt

Zonnect.ons.

be in

The
data

Transport
t&anszeh, )

Connection will
r teraination

phase,

sgac:;v>ly,

the establishment,

de;end'ng on

which c¢f the three Service elements 15 currently active,

3.1 Connection Zstablishuenz 2hase/- Cornecticr Tersipation
Phase

Establishmsati- Service

=y gel < -

Connection B

a) Tramnspo:it

to estalklistk a
known as a ransport
tvice of tte Transport

This S2rtvice enables a Session Entity
data transfer «capability,
Copnection, The Quality of 32
Connect ion 1is negotiated with tha2 Session BEntity
(Entities) and the Traansport Secvice; i.e. the Transgort
Connect ion Establishment Servicz provides the Session
Entity sith the ability to reji12st Transport Connection
rarametecs and a Service gﬂa;'t Class selected £fronm a
predefined set of classes, Th2 classes sould specify
values for the attiributes on Transport <Cconnection,
such as throughrut rate, tTespons: time, rteliability of
data transfer a -_agagoh, Connection. (see B,) b
Session Entit the option of acca2pting or rejeciing
a Comnec t. A Juantity of Sessich Data may be
transfer the reguest to estiolish a acsport
Ccnnect: ata may be evaluated Ly the rfeceiving
Session i wna:ne* to accept ot
reject i

transiz2:
to pmav
given,
incoming
Session
TepieSn
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1: CONNECT reguest | calliag user | called user |
2: COKY ECT indication ] 1 & 4 t | 23 3:£ |
3: ACCEPT reguest g ——mmdme e eclaeae
4: ACCZPT indication | t:anapo t service fprovider ]
oo me s e n o - oo - o e e e S

b) Transpors Conneczion

o S O v e G

This Service prevides the geans by which ,s.ef'Sessio:
tntity associated it a iTaasport Ccrnection can
terainate the Transport <Coanzstion and inform the
corresponding Session 2ntity of this requ,~u. This
Service does not guarantee dat: Jeliveczy if the data is
unpdelivered at the time the <c2guzst was issved., hf the
TS is unable to maintain the Secvice juality agreed upon
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for a particular Transport Connection then it terminates
P

the Cansport Coapection ani informs both Session
Ettlties.
fermination Service 2Tirztives
F s s e i w0 e 4 s 0 i s 9 4 22w - P
1: CISCCNNZCT reguests | caliiny uszrt | | called user |
2: DISCCNNECT indicationm | 12| or z:i | | 2:4 or 1: ]
L e B bl DN, SR
* user initiative [ vZfinsport service provider |
+ S e e - 2 g e o s s 2
¢ rmamon @ - e e om0 B
2: DISCUNNECT indication®| callingy ussr | | called user |
| 2: | | 2: A
Prmmcsseo cooeob o e oo oo $
¥ fprovider initiative | transport service provider }
: P - - o o o o = 0 v v w2 o

Earametezs of the servige prisitives

The establishment phase may oe 1rainly understood as a
taree party qegc“aticin thase vatveer the two users of
the tmansport service provider anc the transport service
provider itself, They negoiiits +ha uillingness to
copmunicate and the 'UJL;tY of tails comzunication. The
inforza tion contain=ad iz “h2 P2 Tamsz ters may pe

classified in:

- parame ters for the identificatiolicn of the twc users and
the copnection;

- patamezers defining the guald
reguired in the comamunication |
delay, =maxiaum data lenjth et:,

iy of service ((oS)
g, throughput, transit

transport ccnnection;

YoZpal Data Transfer Service-

This S2:rvice enables arbitrarily selected Transgort
Service Data Units ({TSDUs) to D2 delimited and
transparently transferred froa the sending Transport
Access Point t¢ the receiving Ode, over a Transport
Cconecticn., The flow oa the '“DU= icross the Tracsport
Service iccess DPoint 13 conirolled by tte receiving
party. Ibe delay which can be z:gsei 3y £lcv coutrol is
limited Ly the agreed upon class sf Service. The effec:
of a "flow «control nut ready" of 2 -eceLxlng Session
Entity i ¢ local, i.e. it is not specifically indicated %o

the sending Sessicn Entity, The only &rechanisz of
Fropagating it is by back przssure fTSrUs to the
submitti ng Transport Secvice izsscs Points shich causes
there a1 ®flow control not teady® of tle -Transport
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T: [ATL rfequest | calling usa2t | | cailled user |

2: D7 indicasion | W:La/o 2:& } | 2.§a/o 1: {
b v e s ar e a  e w - [ R —
{a/c meins: and/or) | transpore sarvice provider |
b o - v o 2 e > @ v ¥

This S21vice enables arbitrarily selected_ Expedited .
Transport Service Data Units of 1limited <eize to be
delimited and tzanspa"entl} transferred fren one
Transport 4access Point to anothea as rapidly as wvhen

{

using the Normal Data Transfer Sarvice. Such expedited
data may bypass some norwal data in th2it delivery %o the
receiving Transport Service kiccess Point. The amount of
normal data Doypassed canaot be przdicted or guaranteed,
icwever, no expedited dat will be delivered to the
receiviang Tzansport Ser vi ice a>>2ss Point later than
normal data which have Dbeen seat subseguent to the
expedited laza
ixrpedited Data Pripizives
P n on e e —moe - § o i o s 2 o o o @

3: ZXPEDITED DATA regjuest | calling user | | called user |
4: ZXPED ITED DATA indication | 3:La/o 4 : |} tzbayso 3:1@ I

+ > s i e < s < e oo R e -
(/0 means and/cr) | transport service provider |

b oo s B o ow e e B B D > s D 2 e > s S ww

rvice enaples a Session Botit to reset a
fransport Connectiod, Thnis siy result in loss of some or
all of the data (nozmal and expedited) in the Tranmsport
Connecticn at that time. As a zonssguance, this Service
Ieguires recovery rechanisms to b2 2ffszcted at Transport
User level. The Reset Service may be wused. by the
Traasport User to resyachnronize th: uss of the Transport
Connecticn and will unblock the flov of TSDUs if there is
congesticr of the Transgost Connzction,

ot

whin =
L dide

Just rezently the gue stion has b22n raised as to whether

ihe Zes2 % Service is useised at the fransgort Layer.

raraneieis

The cnly parcameter fo: the data transfer. service

primitive are data traasaitia} by the <tser of the
t -

service,
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o¥ingy ve atteapt to clissify the r[parameters of

@ set of characteristics identiiied below is nputually
clusive, dowever, & givenh parameta2r aay have cne, OrL more
an one caaraczezistic at any Jivan layer boundary (e g a
Tanster zZay De of loca l significance at the
ssicn/tra nsgore laver poundary, and cf Frotocol
plication significance at cthe transport/metwrk layer
undaryl . _

end user to end user significance-

A parameter with this significance passes acrcess the local.
session/transport layer and the rzmot: transporit/session
layer bourdaries. This means that i: is of interest to the
remote session entity.

lecal sizpificance

o e S i e < S D 5 i iy

A paremecer with <this siguificanzs passes aczoss . the .
sessich/v ransport Dpoundary and gJgozs no further. It is
dealt with by only the lgcal trinsport entity, which
dJsually relies on information froa tke local netwvork (o
iink, or fhysical) entity.

R sijaiZicancs
A pacameter 1s considered 1o have 1 protoccl implicazion .
waen 1t induces the selection of options in the local
“tansport entity or wnen 1% cz2us3s some aciions of the
transport protocol to De perforaed 73ith iis peer entity, A
parameter vwith this significance n2:1 0% pass across the
femcte transport/session boindary because it 1s not of
interest to the remote seszioun zatiiy,
1 Dzscussion of the paramsiers

Zarough-rut -

This parameter has ¢nd uyser to eni user: = gnificance., In

addition this parzamezerx his  protocol imrlication

significance if:

- therz are means (e.3. TPJI numbering aad credit
mecharism) in the protocdl to zonirol *he throughput;

- the reguested thIoughput Is jreater than that provided
Dy & network connection, Ia tais Cise, the transpors
enticy =may reguest the ase of several ©network
conpections La farallel aai distributes <the TPDU
~ndif ferently onto the netwdrk connections (downward
sultiflexing) Adeguate transport protocol elements are

required.
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Transit Delay

This parameter is of local significance if the Transit
Delay regorted by <the netvork ssrvice (o a given
ne twork ponnec ion) 1is acceptible or be<tter thapn the
reguirz pent, Zf this 135 not the case, the Transit Delay
i3 of  rrotocel imalicaiion siibiiicance. iceguate
element ¢ of protocol are used L1 this case, <o fact, if
the Transit Delay reported by the %etuork service on a
given network connection is not ceptable, an
imgrcvament may be achieved by shorten;ng the KSDUs
or/and sending them onio severil e tvork connections
(dovnward multiplexing).

Residual Zrror FRate (RZR)

If the ctnderlying network(s) has a stated BER which is
higher than that specified, than a number of transport

prctocol mechanisms can e invoked o upgrade the REER
usingi

= TPDU sequence numberiny;

- acknowledgement and time out;

- chack sum;

- connection iden

-~ TCeiransgission:
forwvaid erzor ¢

Thls farameter 1is taus of prozoccl irlication
£=z8hti-cCance

Cconection Set-up Delay

This parameter is of lgcal szynificance if tthre Set-up
oelay cerorted by tae netvork sicyios §s acceriable or
be tter than the rejulrement, Tf this i3 not <he case,
the Cotpeczion Sei-idp Delay is of  protcccl izplication
§igé;_tg§gg§6 Adequate elements of psootocol are & hen
needed in this case. In fact, if the Comnection Set-up
Delay reported Lty the network s2cvice is longer.than the
delay reguired, the following protocol mechanisms may be

used to shorten it:

= Ie-use of netwoIX connections for succescsive transport
connections;
- ultLgLex;ny cnto an e

x network ccnnectioin if
upuse d capacity of it is

tesililence of Transport Zcnnectiorn (7C)

Failures of any underlying nztwork czonpecition 2ay e
pasked f{rom the transport service usaT if the transport
servics re-estabplishes <the necvork conn ecticn {or .uses
an already €xisting netwark ccans: tion) .

This paiameter is of srotacol impliz:tion significance
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as 1t induces the selection of appropriate transport
protocol mechanisnms (e« g. network connection Zeconnect
pechani smsg) .,

Cost S3 ving

This parameter remains of Local

achieved cost refporced Dy

than or equal to +the reguired

further action is Teguired,

This parameter has protocol izplication signigicance if
the achieved cost Teported bf the netvork service is
higher than tha= required. Za this case g nuaper of

transport protocol mechanisas cin be invoked to meet the
cost sa ving transporct user Cequirament:

- upward multiplexing;

T Seguential euse of a maintaine? Retvork connection;

= Use 0f lou cost ne-wory connsc*ions in parallel;

= Select TPOU size waich best £its into the NSDU;

—~ USe Zconectiorless daxy trfansier;

- avoid unpecessary costly functionali ¥ies,

frotection

This parameter is dasically of end ussr to erd user
Signizicance andé <tio “os-esgonling inlorzation aus: be
vassed oz the local session entity ¢ the remote
session  entiiy if there dXe DO m2chanisms in  the
TrLansport layer (enchryption,.,.|: to impreve this 2 oS
paraseter,

However, the Gperameter becones of  protccol siplication
significance if there 4rs suitadsle =zecharisme ig the
TIansport prozocol o +@grove 2is QoS paranecter,

Conrection issurance

The isplementation of this patraster implies that, idle
traffiz has to bpe gen=rated (if Recessary in both
directicins inde¢pendent 1y) by th: trmnsport layer on a
trfansport connection during periods of guiescence, The

idle t:raffic is npet Seel by the szssion layer. The
Connecticn Assurance parameter is thus c¢f protocol
significance. It shouild be not2d that this rarameter
¥ill have severe cost izplications on sone tezwer ks,

[t
+
O
1
fose
o
g

This parameter j1as end usc- <> end  user significance,
Obviously it is pignly Telated to the Throughput
palfameter and Loth parameters zay be conmlined into a
single parameter which could o2 knovn as the "traffic

classy,




Page 9

5. ZIranpsport Protocols

The protocols may Le viewed as the nmechanisms through which
(physically) separated entities ina layer vperform tae
functicnali ty of %hat layer. HNote thit the functicnality of
the layer is defined by ttle Sgecgf; aﬁlou of the services
provided by the layer and tte services fferzed Dby the lover
layer. Thus the functionality of thz transport layer aad
thus the transgort frotocols are dzt:rmined DY the services
provided by the netwWork layer and the services requested by
the user of tne transport layer.

Ahersas the Transport Service (pri m!tivew} and HNetuwork
Service (primitives) may differ mainly in level cf ‘'quality’
that can be reguested and offered, ths transgert protocols
may range from simple to coamplex

yet beer completely

A1t hough the Network LlLayer has aot

defined, an atteapt can be wmde to ilentify different
NetworX Service Classes Dby considecisg the wide variety of
Networks glready 1n operation ocr about to becone
operational., These include puplic and private, distributed
as well as local, Networks.

On these VYetworks, technigues such 1s packet aanad ciccult
switching ate tsed side by side with local wire troadcast
Networks, satellite channels, wulti-lrcp and zcint-to-point
sircuits, Zach of these ftransaission media  tas its  c¥n,
carticular characcteristics.

for zeliability enhapcezent jurposes, cn2 of the aajor Joals
5f the Trancs;ort lLaver of each of the network types outlined
above can be classified in accordince with their intriansic
reliability and thneir signpalling of non-cecovered errors.
ihe puzpose of such a classificaiion is to provide a basis
for decisions such as to ims=zall errotf dstecticr or recovery
mechanisms 1in <the T:anspo:t Pzotocol to ipncrease  the
reliapility by ra2covering from Network failures.,

We may recognize twc ways of error signalling by a network:

a) environaents in which errocs (mis-orndering, loss,
duplicaticn, etc...) are not signalled by the Network to
the upper Layer. Such situations exist with:

- Datagram Networks (mls-ozdering, loss, or duplication
are possible)

- several Z,25 vircual Cirzuits in rarallel
(mis-ordering);

- 7,25 Ketworks lp which 3032 eIrors are not signalled

5) epvironments in which all ercors are signelledé py the

Network to the unpper lLayer. It 13 psrhaps interesting to

distinguish between Networks ia whica signalled errors

are rela tively freguent and others in which such errors

are relatively rare. Such 3situztion may arise withs
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= X.25 ¥ etvorks;

- HDLC links;

= £.21 Networks together with HILC data link procedures:
telephcne Netuworks with HOLC data link procedures.

Enother major goal of the tTansport layer is to trovide a
£os5t effeczive data transfer. Thls @ay be realized by so
called ‘'uypward zultiplexing! _Jrotozol mechanisas wiich
Jean s Wat @ necwork comneccioia @ay be used tc sugppere
Several Iraaspozt ccnnectlicns,

additional »prococol elements suzth is flow control,

ccnpecticn identificatioin, downward Rultiplexing, etc.
are needed to support these goils and goals expressed in
cther quality of service parameters, .

These are only sosme of the rationale to explain the
variety of +the fIoposed tfinsport lavyes protocols,
classes of protocols and optl

oas  resulting from the
already existing documents, amlysing the different
available document*s oae  aay distinguish in these

specifications different classes o yrotocol s,

The ISD document K¥S37 clarifies tae Tole «cf the Networsk

and Transport layers in the wransport  of éata  between

Upen Systemzs. In particula- i+ Stites that the Trauspoct

Layer:

1) "perficras any <Zuncticons pecessary to enhapce *he
Quailty of Service provided 0y th: Nztwork Layer™;

2) "is rincipally concernel with tae  Juality of
Servicen;

3) “is rfeguired to optialse the use of *the available
commirications Iesources +o Jrovile the perforamance
feguiz2d 5y each comaunlicatiag ranspecrt User at
ELnik um costit,

Keeping i Rind the above cocsidesrations, in the

folloving we point out <yo apptoaches to enhance the

Quality cf Service provided by thes Network Layer.

- hierarchical protocol Classes (/7TS80/, /TC8CG/) in which
the classes are ordered in Segquence, <ach next class
including the functicas of th2 prazviots class angd
2addiny new functions:

- disjoirt prctecol classes oi1sed on  the quality of
service *they enhance.

section 7 we will tzy to analyse the pros, gnd cons., of

e £tWO approaches,
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counts amorg its members 205t i not all af the amajor
computer maaufacturers, also including 0.5, Lased ones, has
recently standardized a Transport Protocol for OST JECEEB0 /.
This prctocel is the one forming the curctent lases of the

250 work in  this area /7TP38)/. Tha EC¥Z Transport Protocol
PrOfosal nakes available two ¢aalitative enhancerents to the
hetwork Se:rvice, These arce a aultiplsxing enhanceaent
wnich, depeding cn Network tarilfis, can reduce costs, and a
Cecovery erhancement waich can insrsase reliability by
reccvering from Netswork failures,

cranspert Protocol

ze a th Pr
functions hierarchicall into f£iva Classzs and options, in

such a way thats

sCdA  proposes to organi
Y
4

a) each Class consists of a pradefined set of functicns;

D) these <Classes are siructured so as . to form a linear
seguvence, each Class iacluding th: functions of all
frevious ones;

C) cptions «can define addi=ional functions whick mpay be
associated with apy Class and for whiczh tegotiation is
lecessary  (the existence of options allowg €scape . to
hierazchy);

i) Class 3 (TILETEX /CCIa0/ oriented) cannot hase Options;

2) Classes and options are nejotiitel during  the Tracsport
Ccnnectico Zstablishaent phase (this is auch sispler than
negotiating each function Separanaly) ;

scits, thus, proposes to organize za: Classes as smhown in the

Tanleszs 1 and 2 on the following page,

| CL i3 s 1
#¢Q.~¢¢w-_-mwoawmmw+@®m«—+mMQm=+m«m«m+--um—+-~°°mi
| PROTOCOL ZLEMENTS] O | 1 | 2 | 3 | 4 I
l | I I I i |

| mm e cena e - »»«-+»n-m«+vmmmm+w~~~—+=«~u«+-wa»o]
| Multiplexing T A G A S S S ]
{

I
| e — + «éwu¢mw+mwmmm¢-~««m+~«~~c;
| Flow Zcntrol [ ¥ | ¥ | ¥ Y 1 x |
| I i i ! ! !
j.qamumummﬁ_«mwam_m¥~mmmm+mwmwm+~w_mw+ma-«w+mu-~m]
| EZrror Recovery | N | N N ] Y o Y |
! I I | | ! |
o en e m e - . b $omm e e L . torme e |
| Erzor De=zectiorn ] § i 40 N | N | Yoo
| ] J i I i l
P e s 0 o e s e o i P b o om e o b o ow e b s b on
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i , CL A S s ]
b o e e wn i wo e b @ o b wn - o oo mmdowmemme b o

| SERVICES L e 2 I R T

I e I S S S S |
connec tion | ¥ | T Y | Y o ¥
Zetagl Lshment | | | | |

e e e o D e G e s o +~a—»—+mw~a«+@umwwg
| Expedi ted Data | N K| { i Y i Y |
| (option in ECHA) | ] i { ]

!
[ — - - b oo b e e o |
| Reset A S e S T G
| (cption in zZCxa) | | | | | |
i [ — o & s P s s w2 P o o s LT g
| Connection N Yoy ] T Y
| Teraination ] | | | | |
P o i o s i e s i i + P R T T L |
Table 2; ICH#A Classes V3 T:zaasoor: szrvices
The selectlcn of the Protoccl Class is made ty tte Tramsport
Zatlities according :o:
= the Cuall ty of Sezvice negotiatel p2twezn Session Entities
via the (CCHNNZCY) reguest and (ACCZP2) reguest service
primitives;
- the Quall ty of Service yprovidad oy the availaltle Network.
#1th regari %o the above a2ntioned 2°r3: classificeation, it
»S wortawile pointing out zhat, “ith the exceptiocn c¢f Zlass
-y Trenspozz Connections of diff2rznt Classes tay be
multiplexel together o2to the sags Vetwork Ccrpecticn. 2
typical example migat 1ix tae flow sontrolled Classes 2, 3
and 4 altacugh Class 1 wouald nocaally =not be included as
this Class does not provide a flow contrel amechanisa,
Class {-simple Terminal Class ) .
This Class hes been defined by CIITI ani is being used to
Support TELZITEX terminals connected t>s svitched Hetwerks,
Class 1
Tals Class  sould  typicelly be ased  for unsophisticated
terrinais, and wher ng Zultiplexing onto Natwork Conneciions
Ls reguirel., However, it can also be tsed for multiplexing
ip particular cases when the absenz:s of indivié val Transport
Conpecticn flecw control is acceptible; i.e, fcr Transport
Copnections with no critical Tespons: time teguirements, or




vith infreguent short bucsts of triffic and a predictable
lcw combined level of Network Comnection utilization,

Class 2«Flow CTontrol Class

“his Class sas specified for heavy and continous traffic, or
Lor intensive muliiplexiag, It grovides flew cenizol o
avcid congestion at the end oints of the network Lon
using a credit mechanisa to allow the recsiver to inform the
sender of the amount of data he is williny to receive.

Class 3-Errgor Recovery Class

This Class provides the functicnality of Clasgs 2

ability to recover after a failure signalled ty th i
Layer vithoot involving <the user of the Transport i
The mechanisas used to achieve this functionality also allow
the lrzlemantation ¢f more flexible flov conmtrcl.

Class & - Zrzror Detecticn and Recovary Class

Thig CTlass provides the functionality of Class 3 ¢ t
apility to detect (and <Tecover a5 1o Class 3) corzurted,
lest, duplicaced, or out of sejuenc: TPDUSs without involviag
the tIZanspoIt secsvice user.

5.2 grotocol Ciasses based co 2zozezol Trilons

Uset needs can differ «widely, and <clearly tbe individual
Uuser may se2 N0 Ieazson for aa uanlfozm Juwalify of Service
hierarchy. Some wlll need <certain characteristics, others
nay desize <ihers. Thus, judgements on thz acceptapility of
different sualicy of Service characteristics fcr specific
Iranspori Users must be perforasd ssparcataly, In this way,
the pazrticular Juality of Service characteristics which ne=d
to be improved by tie Transyort Protocol can be identified.
Enhancement mechanisms should then vp2 invoked io mest these
needs, Th2 possibility to select each identified Quality of
Service characteristic independently aay not be npecessary, &
Class structure, in which each Class represents a predefined
comtination c¢f pararceters, may be 32sirable. The classes are
intended to cover the Transport Service reguirements of the
various types of traffic geaetated by the Secszion Entities
(e¢.9, Dbatct type traffic, interactivas type et )
The negotiaticn of suce a Class, 31t the i shel3sTobald
CcnnecticL Istaclishment, Wilil ceztainly not - linear
séguence ip the resulwluoy Prozocols, LT thls mement Lo
reference can e made < ducasents thit propose Tracsport
Protocol s that are Lased oz jiuality of Service patareters,
altlough ex rezts within S5C1d have iLnounced 10 make such

ceontriputions.
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- Lased on bierarchical srctocol

- based op protocel options
This secticn 1s a3 further elaboration of secticr &, ot
focuses In particular on tre relazio onstip betseen protocols .
and QoS parameters.
6.1 Based on Hiezarchical Zzctoccls
5 has been pointed out in sectioa 5, 1, the ECH2 transport
protocol proposal is almed at Qos enhins ment of the network
service in terms of residual ercor £ate and cost saving.
dowever, in document / 580/ a list of 20S rparameters are
identified, defined and their wunits are given. . The .

Lollou‘ng discussicn identifies the Q0S parameters vhich can
be enhanced for ech uCﬂ tgaunpﬁf& Protoccl class, &

rationale Jiven takes two LBp0orntant ispects into account:
- depending on  ths ECHa  rotocol >lass, QcS enhancement
can be explicitely supposied (indicated in Tab. 3 by #);
- oS en“aucement is possible if ailditional froctionality
i3 added to +he Sugpoc=ing tlaasport entity (indicated
in Ta 3 by o).
Ip addition, «certain aspets of tis ECHA progcsel for tie
©faBSPCIT DIotocol now eltner unier debzte ¥ithinp IS0 or
still open &nd sudject :o fusther stuly are outlinead,
Class
No gualitative ennancements +to ¢hs Hetwork Sersvice are
e2xplicicly provided by thils class which can then be used in
the case of a sipgle anderlying ¥atwork of tigh guality
(€. ¢ cectain X, 25 Netwerks),
- £CS% savi-ng enhancement can be ichieved if the supporting
transport entity has the ability to select +he TPDY size
which best fits into the NSDU. e e

©

This hclds when the tariff ¢f the network serv zce are based

on fixed lergth NSDUs it fective of its u+ilization.

Class 1

lraaosport Connection ~Jdentifization and xplicit
Discconecticn . related <o Class 1 enatle ttle :ﬁﬂnhpowt
connection lifetime <to e indepsndent from  the Network
ccnrecticn lifetime., This iazlies thit a N¥etwork Ccng iection
can Dbe reused for another T-ans SpOrt Jonnection, Therefore,
ip addition to the cost Saving enhancenent already. descriped
for class J, the £cllowing 205 enhanz:ments can be achieved:




- Connec;ggg 38%=up Delay, which can be achieved when the

supporting tcantpor* entity provides a sequential reuse
of a malntalned (al.eaaj existing) netvork connection,

This pcss ulll;y izplies anmn addit iomal cost saying
enhancerent when the tarziffs o tha n: t¥oLk service are
vased on a ;Lgn;ficant netvork connectioin estarlishnent

Lli20oce of TC, which «cag be 1chieved swhen the
pPorting <transport eantity pfoviles recovery from a
networx—-service-provider inltwated disccnnected either
by estallisaing another neiwork sonnec+tion or by using
an alrzady existing bu: azx ta@b moment unused network

connection.

n oo
o
* g lin
3 -

However, this Q¢S enhancement is possible if and only if
data 1is not lost ducing the nstvotkmserv1ce~prov1der
disconnect procedure. : e e

NCTE

It is generally agreed that zhere i3 scre re é ﬁdancy between
class 0 and Class 1, Differences batween +i tve classes are
made apparernt c¢a examinatica of tas tun*ti ons sithin class
1. It is aoped by ISO people that in :the future these two
classes will be merged. Coliaboration between ISC and cciT?T
(ptcmecter 2£ Class T) could lead to ome common Class.

- = e =

iexing., This holéds
2 taXe the nuamber
uto ac¢count,

- s S I e e

The increa sed reliability offered by netucrk failure
recovery 1s only available when Cliss 3 of the ECHA prohocol
is used, Therefore, this protocol cliss sxplicitly support
the folleving QoS enhancement in addition %o those already
jiven for Class 2.

- Besilience of Z:ranspozz connecilion, which is  achieved by
TECOovVeriLg Irch® Re€twork service Loovider notif fication.

2lass 2 alc¢o includes a
ly felt by sonme experts
class should be éacluaeq in

as it wvas underlined ip section
multlclexAng functicn, It is st
that a non multiplexed cecover Y

;4...:‘
£y =

.
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the protocol to provide tbe recovery 2nhancement without the
overheads igp process ng the Netwozk traFflc processing which
@ultiplexing imposes

The reason which is often guoted Lo ustify this is +tha: a
jestipaticn reference is opecessary for recovery and this
#3111 also allow spultiplexing., dowsver, nowhere in *he
profosal does it say that mulziplexing is aancdatory im any

class.,

Jne view 1< that use of the destinition reference vwhen 1o
multiplexing is required would <tesult result it unnecessary
line overhe ad.

Angther viav is that the use of tais refsrence can simplify
algcrithas in the system and thus facilitate the
ioplementation. For exaample, it saould bz much easier for a
Transport Eptity +to access +to th® control information
celated to the Transport Ccnnec:lon under say, if the
destination reference is available.

The followirg QoS enhancements are 2¢plicitly supported by
Class L, in additicz fo thcse of Cliss 3:

- Zhrcugaflt, vhich cam be achleved vasn  the supporting
transpo:rt enzity pTovides splitting downward
pulcipiexing); :

- Transit delay, which can be acaiaved wvnen the supporting
trahsport entity provides :al-st ng

- EZesidual Zrror 3axg, which is suroo ved ty recovering
frca loss, dugplication aad out of ordsr TCDUs.

Tao, 3 summarizes tbe relaticnsaip ostween the FCKA protocol
classes and the ¢S paraaeters 313 identified in /TS8C/
(iracsport Sercvice)
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0 QJ¢S ennaacement ig possible if additionzl fupciicrnality is added

t0 the transport entity

Tab., 3 Q0S5 eanchancement DY the EC¥X transport protocol

©.2z 3assd on 2rotoccl Opiions
% pumber oI contriputionas show dicsatlsfaction witk the
current nisrarchical structicZe progosed by ECYXA /ECKElL/ for

he Transporct Protocols.

Oone objecticn which is often mile is that the schene
profosed by ZCM2 could well Dbecom2 untenable as further
optional funct s are identified. “Ther: is, for example,

ion
no single natural order of preference for:

- encryption;
= error control;
aultiplexing.

3 it was @2entioned in the YOTZ of paragraph .1, theze is
also-discussicn &as 0 Wby it 3houll nct ne possiple to have
caly error <recovery withoutr necessacily the adjunction of
aultiplexin g,

ancther difficulcy with tie use of Classes as proposed by
ECMA arises vwhen attempts are mads €0 match Classes with
underlying Network services. &n 2pproach which attempts to
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associate @ pacticular Transport Protosol Class with a
particular Yetwork type seems crude,

For example, Class 4 of ECYA may use an error detection
schewe @ore ccmplex <than necessaty for Networks which
introduces caly loss of NetworX S5:fvizs Difa Units bus Lot
thelr sls-orderzing and/or duplication,

xn order to overcome these difficulties, another approach to
the enhancecent of Quality of <+he S:rvice rrovidad by the
Network Layer has been groposed, -

The lasic idea behind this proposal is that while a Network
Connection is not inherently acceptisl:z or tnaccegptable to
the Transport Layer, a guality OFf Sercvice acce;tatle to omne

Transport User 3ay be guite unacceptable

to ancther.
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In some cases, the service provided by
Cconec tion i1l bhave both the properties
Teguized by the Transsost User., This zan  ocec
“acle rangs oI Transport User rej iicements, &
tTue 1t Ls 10t rLnecessary for ta» TraLEpo:r
igrlement 2 xtra funciions., AsS an exzmple if it
“0 use the service c¢f the NetwoIk Liyar flow con
issociated services of Zeset and Ixpedited dat
shouid be dcne, The prcvision of funstions for
in the Transgoot layer Ltself must lead o &b
and use of IPDUs for acknowledjement, Thase wil
1s User data in  *he Network Layer, acd thuy
chargyes asscclated with: thei. I3 %32 worst ca
lead to a dubiing of coraunlcations zosts. Th
#ith <the reguireserts Zor orwiml use of re
TLLiRUR COSt.
Therefose, an estimazicn ¢f =hec Quality 2f Servi
tased on cogpactiscn between The nesils of the Tr
10d the faclilities offezed Ly the 521s0rk servic
4 list of Quality of Service characteristics
associated possible enhancement a@achinisms f
section G.1):
Quality of Service fechanise
géézég_ggzz_,s
Throughput dowawa i maltiplexing
TPDU nuabering andé cr
fechanisa
Transict-Delay downwarl alitiplexing
* short Y3DU's
Residual Error Rate
- eIror detection:
- loss acknovwledgzment a2nd time- -out
- CCIIUption checksun




~ duplicaticn/misordering
- misdelivery
- @LLOL Leccvery:

Zcnzecticn Set Up Delay

Eesilience
Copnec ticn

Cost Saving

Frotec tion

Zcnnec tion issurance

DPrigritv
& & Nt Lo e o )
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TPD0 sejuence numbering
conpection ilantification
retransaission

forwarzd e2rror correcting code

seguential reuse of a wmaintained
NC

gultiplaxing i€ vuncsed capacity
on the iC

reconnaect 3echanisms
different 4Cs

oL sampe ol

upw¥ard aultiplaxing

sequential reuse of waintained KC
use (¥)-connecticnless transfer
non-maintained NC .

avoid costly fuactionalities

use lov¥ cost NT's

adapt TPDTJ ¢ NSDU sizes

checksum 25 TPDU kheader

exchan je sz2curity ipfcrmation at
Tr-anspos: Zcnna2ciion Establ,

I3

idle traffic

€xcaange of

vhere:

TPOU ==> Transport 2rotocol Data Jalt
NSDU ==> M2 <sw0oTK Sec-vice Data Jnit

NC ==> Network Connection
Ccacluding 1% may be said tha%:

- unless the nierarchy/optionality issue
no clear picture can be given for the
Transport Protocols

- urless the Traasgort
can be given for the

Frotocols
TrapnszpoTt

O goesbd N W
oo £t

e
are pbest met if cthe set of servi
jualitative enhancements are inde
the ECHML proposal, it can happen

provided wnen no enbancements are

soa
irel

“5 resclved in 4358
statility of the

table no clear picture
~ o

In racticular, in
e services are not
s For examgle, in




Page 20
Class ¢ and 1, the expedited servicz is not prodded.
Practical experience in the ipgleasntation cf Protocol and
Net#orkin Standards has demons C3t that ary standards
aizing at ccovering a wide spectrua of rz2guirements through
the medium <f a shopping list of options is cne that tends
both to defeat the objectives of standazdization azd be
costly to 'mplement. If the list of. ontions is lacge then
the possible comtinations of options is very large and the
possipility of successful negotiation of a workable set for
a given investment correspondingly smill.

h D v
£

Tc achieve the objectives of intscworking vith previously
defined standards covering a wide spectrum for agplications,
e.g. BILC, ZCMA  has found it necassary to expend
ccnsiderabie post standardization 2f£fcrt on the definition

of treferred or selected classes of protocol. Tc avoid this
effort a basic reguirement of the Transport Protocol was
that 1t shoutld have puilt into froaz the outset scme kind of
carional class sTructure,

a ¢ mads this decisioun it was also z2ccognized £roas the
u t, taat any <class stoucture aimed at achieving
i fican: reducticn of variance would n2cessarily need to
e a ccoprozise not satisfying all possible Tecuirements in
a
n

o w Q

[+1l

op=imum manner., The ECHYA <ciass structiure, as it 1is

enbcdied In documernt TC80/ is one such coaprczise, It
defines & s*tructure tased «<¢n a hiscaizchy for thax set of
functicns <c¢f cthe Transport Layel -lca:ly exisziog in a
nierarchy etd treats tihe remaining functiorns as options to
te invcked within a class.

This sche me was chosen %0 Facilitate evcluticnary
development of low cost devices iaitially izplementing only
the lcwer nurbered classes. Caaseguently, it has an
implemenzation bias, However, it is f21t that a class
structure based on any other criterion woulé be egqually open

to «criticism given that it achievzl a imlaz degree of
reduction of variance,
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