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ABSTRACT: A numper or Iuture PROMETHEUS services, like
controlled overtaking and driving in a £ile, will
requira very reliable radio cammunications channels. To
serve Ghis sSpeciIic requirement, a COmMpination of =wo
new ideas 1s proposed to define a snort range
multi-services radic nectwork. We assume a very limited
transmission range of a stations radio =guimment of
pelow Tkm, wnicii advantagecusly sSupports a spatial
reuse Or radio chanmnels. Time L1s assumed =0 ce divided
into Irames (carrving appr. 2.2Mbit/s) and Srames into
siots (=2acn carrving 400bit). S1lots can oe used 21ther
for single-—-cacket cransmissicns r 0 Zorm
TDM-channe.is.

The nign reiative mopility of static (venicles) 1is
axpectad 0 resulf in a severe danger or unintanticnal
signal .Lnterrerencs cectween radio Channeis, wnich ac
the Iilme Or Inelr 3staplisnment nave seen Lntartarsnce
free, due O The spat-al distance orf zh ocacions ot
their use.

Qur ZIirst dea is =0 reduce this erffact of stacion's
MOD1LllTy 2V derining —Xunks Or radio channelis ceing
allocated according o the direczicn zhe stations are
moving. +~hat Iemains 3asS & source I0r -ossible radio
intertarencs2 1s the relative mopility of stac.ons,
mOVing 1tO e same direcTtion, Wlch obvicusiv s much
smallsr zThan thact o 31l venicis ogerter. This
oroposal Is worked Qut =O scme Zetail using simulacive
ana anal,Tic MoplliTy medels and .s =2Xpectzd 2 r-<asult
n 2aiagnly reiiaple radio channeis o0 ze used Zor
CCntINuous CommINlIc3tIons.

Cur seccnd i1dea aims at T3King into aczounc soth,
the o2rcpagation and attanuactien condit-ons of ~adio
waves, and "he need Ior 4 compietelv Zecsntralized
access Iontrol Qrotvecol o The radioc channeis. We
Srooose A new clannel-iaccass Control orotocoli, which
- applles carrisr-sensing in  2ach  staticn o0 locally

Qbtaln cChannel occurancy inrormat.on,
- 21ggy-0acks Th1s lnrormaction and Jistrisutes Lt 3s
24artT JrL 22cn used sloc.
The ressulting media-acczsss  conorold crotocol is
prasentaa n cerail. It =nables =2acnh mopila station =o
Locaily calcuiate zhose channeis Doeing unused and
interterence Iree in  the local anvisromment and
thererore 2eing Irze Zor access.

copts® 1. INTRODUCTTCN

We cCesyan Che management 2rotocol ISMA (| Integrated
Services¥ MAnagement Orotocol) Ior i snort-range Cadio
networx Iollowing three zasic rsquirsments, lamely
A) dssessment oI The varicus Communlcaticn characrari-

STLCS Or services regulring sSnort-range cammunica-

clon (comns. |,

3) consideraticn O ~wnat o2errormance 1s avallaple from
tcday' s transmission =gulirment,

C) minimization O the transmicter/receiver aguipment
COST D2V Llnteqgratlng all snort-range services i1nto
one cammon aetworkX using either 40 =0 80 GHz radio
Qr R I0or transmission.

Task A leads 20 voluminous research wWork wnich is
NOT CNe suoject Or Jur zaper. However, we nad =o agree
uUpon some w“Oorking Aassumptlons apout =the services
2xpected, wnicn Iorm the zasis Zor 3 classification of
camms. Types ana thelr characteristics.

Thls work w~as granted bv zhe German 2MFT and -he German
dutomotive Lndustry under suoconcract No TV8815-7.

2. REFERENCE SCNARIOS

A numoer Or research Jroups within the Eurcopean
researcn orogramme PROMETHEUS nave developed rererence
SCenarlos, IICm wnich appropriate camms. requirements
were der:ved, e.g9. /11/,/12/. Thereny, a number of
potential services and requirements, vielding
candicdatas for an integrated short-range radio necwork,
were derined. Thev can pe classified into at least four
c/pes.

- ol

PrioriTy I2guirements. Here services related 20 an
smercency wWarning svstam (EWS) can te accomeodated. IWS
messaces  ar-se, Ior =2xample, as consequences or
accldents. 2riority is secursd v reserving 3 Zixed
POrticn Or INe avallaple capacity axclusively Zor Thais
curcose. ve cail this Tyre "TMERGENCY COMMUNICATION'.

The I1I5st Zype or service is charactarized ov ifts

Tne secona Tvpe OrL service i1s characterized oV its
cdemand IOr Zcconnection orientaed comms, wnich we cail
'CONTTUCUS CCVMMUNICATICN'. One important representant
QL 715 .3 Ihe so-called "PROXIMITY CCMMUNICATION' for
cars ariving -n a file, wnich is a first candidace for
axperImentil veriIlcaticn Qv the autcmotive indusct=y.
The main I3sK 1S 2 manage he 2asic orcanizac.onai
contrsl 3 sucn Ziles. Assuming =xistance of a car
lntarmal f2iative  locatic ana Jdistance contool
facilicy, the resuiting comms. C2quirements are:

- TTansmussicn range up o =0m,

- up 22 10 venicles Zorm a Zilae,

- Tur2 LlnrIcrmatlon Zacacity needed ser car is 20bvere
aver 1.3s,

- acxnowledced message transier .s required,

- cnanrelis nave o Ze lignly Taiiabie.

Without a3 r=2iative locaticn and distance contsol fa-

cilliTy, TN update rata increases O Cfen times cer

seccnd. '

Jtler services Or This Ltvpe are: ceontrolled mersing
on algawavs and controiled overtaking. Ik is worta
NOTING, N3t 3ucn servicss requirs very reliaple comms.
channe.ls. concerning 7enicle-co-rcadsicde  comms.
axXcnance Or IZomearaple sized rTates and  volumes of
LNICrmation 1as 0 De cerformed cetween ~he venicle and
roaasice zacility, 2.9, with a trarfic ligne ac a
Crossing, 101 Jrcer o exercise cooperatlve strategles.
This Tvoe orf zomms. 1s called "SEZL=ECTIVE CCMMUNICATION'
and The 3acditional reguiraments are: .

- maximal >0 venicles are commuNicating simultanecusly,
- Che channel capacity must 2e at least 500 bit/s.

Te Tixd Tyve of service .s called snorc-range
packet radaic comms. and i1s mainly characterized by Lits
demand IO0r single-vacket, non-cericdic Lransmissions.
We call =nis type 'SURSTY COMMUNICATICN'. Applications
are Ior a2xamoie inter-venicle signalling, brocadcast o
warTilng messages, road conditions, etc. Management
functions, sucn as connectivity update, £oO optain an
instantaneocus view O the local nectwork connectivity
are ailso or zhis =type. We opropose =0 perzorm sSuch
Jedacing ot periodically, otut speed dependant
dCcording tO a oredefined distance ctravelled (e.g. 10
m), =resulting n individual update rates tetween 0.2
sec (180 <m/h) and 1.2 sec (30 km/h).

Concerning venicle-czo-roadside comms, services lLike
distrizuction of the stacus of a tratffic lignht, or
beaccn-zo-venicie location update can be idenciiied,
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which happen cericdically with repitition rates of a
few secornds. To ensure, that there is enougn time left
for reliable reception of Gthe coamlete message, the
Eransmission range ~must bDe adaptively controlled
according to the speed of the wvehicles. Other
applications may reg®fire connecticnless information
exchange between moplles and ceacons. The requirements
of the third tvre can be summarized as follows:

- BURSTY QOMMUNICATICN

- N0 acknowliedgement needed

- adaptive transmission range from 10m=200m

- up to 20 venicles transmitting simulitanecusly

- i1ndividual upgare ratces N

- short delays

- 25 pyte informaticon volume per avent

The fourth Type O service 1s characterized Do»v its
occasional demand for a nign speed channel orf
aporoximately 100 <bit/s co be used from the ceacon 50O
the venicle, Ifor =2xampie O transmit a local rcad map.

The cumulative requirements I0r an  incegrated
snort-range radio network are as follows:

- both, continuous and cursty Trarfic, zartly acknow-
ledged, must Ze nandled, =riicientlvy.

- priorized COMMUN1C3Tlon MUST 2e 20ssSlble

- the transmissicn rance MUST 2e adapt.ive,

- at most 30 venicles must Ze aple =0 verzonm
comms. sSimulitaneously,

- The lnrormaclon volume cer single messace comprises
At mostT 2Sbvte,

- the updata raca neeqged .s 0.1s,

- maximum channei zapacity must se 2 Kbit/s,

- 4 rZag-Tc-venicis nign seeed crhannel with (00 xbit/s
carac.zTy LS Tequired.

selective

5. MEDTA ACCESS CONTROL 2RCTCCCL

Cue Zo the limitacions oI <Iransmission ©adii of
staticns, ot all or fhem are 1n their rsspecrtive
receive Sa2dil. Thers 2x1st 3 numpoer Or ~vell-<nown media
access Tontrol orotocols, according o diffarent
applicacions, medias, zecanologies, =2te. Taking th
MOD1lify of veniclies in our appliication and their large
axpectad aumeer 1nto accsunt, 3ll Jrotocols using Sixed
Qr Jrecetermined aACCSSS are NOt ipplicapie. Cocntention
orotocols Like ALCHA and S-ALCHA are Dest suitaed Zor
oacket Tadio necworks with a nign mopility. Thev are
applicapie, aowever, only Ior servicses, rsquiring smalil
capac.t.es (e.3. one - facket) N noneericdical
intervails.

Carrier sensing multiple access Jrotocols like CS
surfer Like ALCHA orotocols Ircm che nidden cerminal
orcolem, wWnich 2o0ses same unreiiability on  packet
Sransmissions. Moresover, cContinuous coms, Iequlring
smail DUC CONsStant “ransmission capacity over scme time
pericd, LS 10Tt Is2asaple usSing such orotocolis. So wnat
remain =h appllcaple are orotocols apolving  an

imolicit or axpiicit siot reservation using TDMA
Cecnniques. Thev appear -0 o2e welil suitad for
applicacions with a limited mopility of stacions wnich

is the case nere.

J.7 CSAP REVISITED

/8,3/ orcoosed a concurrent slot assignment srotocol
(CSAP), wnicn aims t0 organize a decentral channel
acCess using lmollcit reservation according to the
R-ALCHA orotocel /5/. Assume 3 TDMA svystem using a
frame and N slots cer frame. According o chat protocol
2acn station Llistens continuousiy to anv slot in a
frame and creates a so-called observed-inrormation. The
observed Lnrormacion 1s a bit-map of width N, contain-
ing all slots marxked with '1' wnere a message Irom any

one-hop distant station was received correctly within
the last frame. All other slots are marked with '0',
This information 1is distributed by each station being
active in commnicaticn, once per frame. By bitwise
CR-i1ng the received with the observed information each
staction is able to calculate the so called local

informaczcn, telling the station, whether a sliot
(channel) is occupied or free in the two hop

anvironment.
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inrormaclon calculation orf stacion using
siot 7, <. /8,93/

Taking zavsical and applicational preconditions into
account we zZelieve, that 3 modification of CSAP .s

necessar” -2 maKke LT workaple in th
che 2rztacatoon actanuacion of
ippLicCatisn LT cannct te  assumed

real world. Tue =0
radlo waves, 1n This
that all zairs oc

venic.as are alwavs within  their  rascective
ransmic/receirve (tx¢/=x¢) ranges. Instead orf =Zhis a

Dart.y mesned networx rasults, wnich rougnlv scoken has
assentially 3an one-dimensiocnal tcpologv, rerlecrting th
connecTivity 2r all cars moving into the same direction
(e.g. direczicn A), cZ. figure 2. There, the =xX/rx
radlus = 2r z*he stacions derines, wWhNat 3TAat.ons are
neignooursa (one oo distant) and wnat are not.
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Flg. Z: Ixample of a threse-iane nlignway. R is the maxi-
Tum  distance iilowed Zor direct comms. Setween
njeighborsed staticns. Due o the ISMA orotocol
(cZ. cnapter » and 3), no radio Lnterreresnce
3X1STS cetween suenets A and 3 or A ana C.

2lstance gJreater R Detween CWO
stations does 1ot gJuaranctee, that Gthevy are tree O
occcupy 2 cnannel, bDeing locally detected <rIree. In
figure 3, a situation is depictad, where a transmitter
S communicates with 3 receiwver EZ, where R L1s the

JnrorTonacelv, a

maximum ZX/rxX range o sustain a orederined D1t 2rTor
rate (BER). This comms. oDossibly is disturced, Lf
station I concurrenclv receives not only a signal Irom

staticn S out also crom statcion L.

Fig. 3: Intarference of -he signals of staticns - and S
it 31 receiver . 2 is the maximum CX/rX range

of 5 =0 sustain a predecrined BER.



Generally, the signal-to-noise ratio Ps/Po of a
receiver 1s affected adversely, 1if interference is
present. The signal strength of a radio signal is
procorticnal to 1/(D*D), where D is the distance
between transmitter and receiver /6/. Simultanecusly
Eransmitted signals from different transmitters add 1p
at the receiver and reduce the signal-tc-nolse rartlo.
IE 1s known that a transmission is successtul only, if

the distance of any interfering transmitter I from a
receiver = 1s at least D=n*R. (+) rom radio

applicaticns 1t is known, that n should e at least 3.
For scme radio frequencies, the sropagation attanuacion
1s supstant:ially increased, resulting in a reduced
value Ifor .n, =2.g. act 60GHz n=2 1is celiesved to be
surfic.entc . In the present application, stations
must decentrally Dbe able to decide, whether a channel
1s free ZIor LCransmussion or 2ot. This resquires
<nowiedge apout Gthe status (frese/occupied) of ail
channels within a radius of (D « R) around anv station.
This rsguirsment, nowever, 1S NOT aken Lnto accsunt ov
the CSAP. There, instead or a radius 3*R, a range of
two acos (wnichh 1s lass than 2*R) around =ach station
1S coversd. One other sportcoming or CSAP should e
recailled 3also: assuming K channeis -0 e secursd, =h

cavacity needed by CSAP is K™k Doic/frame. Assuming a
frame duracion of 100ms and 300 channeis/frame, CSAP
requires 3 Trotocol cavacity of 2.3Mbit/ss wnich  is
unaceeptapnly 1ign. To orovicde local inrfcrmaticn Zor a
rance Cr rse Or NOore nNops USing some imoroved 52

mecnanism Icllowing the bpasic idea of ZSAP would ac
least ZJoubie the trarfiic cavacity requirsd. In chaoter
/  We DJrcoose i Iurther deveicmment of Z3AP wnich we
call Jecantral Channel Assignment 2rstocol OCAP. In
cenjunction  wWwith he ISMA-orcotocol (defined 1n chapter
2, 3) Z2CAP 3acpears o ce very Jromising o test all -h

requiraments mnentloned.

4. PERFCRMANCE OF CURRENTLY AVAILARLE MIZLIMETER WAVE

TRANSMISSICON ZCUIPMENT

zodav' s
O &

The following cerformance characTeristics of
availaple Iransmission squipment ars very close
requiraments OrL Zhe application considersd, and serve
dsS 3n =2xampoie. The zaramerars are Zerwved “rom an
N SXperImental Lmolementation currently under Zevelooment
. hevy 3rs:

. 2istance zertween ~ransmitsar 3and C2ceiver ‘s

a:mut "20m with zan cake diagram (using 2an sean an-
8nnas, WwWith 2orizeontal and vertical ceamwidths of
ioout .0 Jegrees, the transmission Cange can oe ax-

cenaed up o i000m),

- D1t 2rror rate oceiow 1.0 E-4,

- channel availapility <due ©O perticization LS about
29.9%,

- C0tal Iransmission <Caracity i1s apout 2.3 ¥bic/s

3. THE PROPOSED TCMA-rRAME

CCnsidering the above mentioned regquirsments and
Cecnnical Zacilities the following seems o0 be a
Suitaple TDMA-stxucture. Time 1s divided into fFrames
and Iframes Lnto sicocts. Althougn we assume glopal fr
synchronizacion we Zelieve that only neighboured
venicles must De syncaronized correctly, wnerepy it
would te coleraple that the start of a frame mignt »Se
the more different zhe greater the distance is -cetween
any locactions. The frame length is 100ms ccntaining S00
slots =2ach with a duration of 200us. A slot ~cntains a
40us Neader o0 orotect agalnst oropagacion celavs.
Subsequently, 400bit <Zollow, apout 100 of wnich are
needged IOr svnicaronization, packet-neader, and arror
detection/ COrrection ourposes. In case of slots used
channel switcned, 100bit of the remaining 100bit ocer
slot are assumed 15 carrv orotocol daca units of “he
nigner laver orotocels (ISO lavers 3 to 7).

L% 500 |

oo | |

¢ Kbit/s CHANNEL INFORMATION CAPACTTY
S ¢ Mbit/s EFFECTIVE TRANSMISSION CAPACTTY

T

T~._ 2.4 Mbit/s TOTAL TRANSMISSION CAPACTTY

100 mrt
100 bit LAYER 1=7 PDUs (IF ANY)

N e i !

200 bit = 25 bves OTNFORMATION PART
SELFSYNCHRONTZ ING

reECTT ™
e U —

Fig. 4: The orooosed TDMA structure
The other J00bit carzy zhe nure information, which is
sutficient o serve the applicat:ion’'s needs. If wve use

a silot zer.cdically <
#nrormat;:n capacLty
dppLlicacicn s reguirament. The overalil
cTansmissicn  <capacity 1S appoximateliv 1.3Mbit/s, th
arfactive capacity, inciuding zhe bits requirsd
oroteocel Iata units oFf all lavers, is 2Mbit/s and =k
Total Zaracity 1s about 2.4Mbit/s.

cnsecut.ve Irames we Jder 3 channeil
or Zkbit/s, corrssponding o che
informacion

tor

9. SLCT A *‘-‘S LGNMENT 70 CCNCURRENT SERVICES 3Y TWE ~“SMA
2PCTCCCL
Tie crcooosed siot assignment o comms. Svoes ov the

LSMA-orotecol rcesuits fr

naving similar communicacion
TO =2ach 3r Zhem seperate s
SeCtlcns are called suorrames.
given IZr Jumper orf slots/channel, capaclty
oasea cn Tne current
and SNt shange cthrougn Surther Jevelomment.

neeas and :
Tions Oor the rframe.
e apsolute I3

-~y

" CQAME 'I0msg
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rlg. 3: Stacic slot assignment ov -he ZSMA-protocol

—mercency reiated communicacion -akes nlace in one
(distrisuced) Suprrame containing slots depictad with
Z. These siots are controlled ov A media access control
(MAC} orotocol called CCAP (cf. chapter 7) and are well
distributad over the antire frame ro quarantee nearly
collision Zree access arter a maximum delay orf 20ms.

Jenicies asking Ior continuous comms. are assigned
CO one oJut orf Iour sSubframes, =2acn ComMErising
approximacely 100 cnhannels. Therenv, IOur  Crunks
result, 72eing reserved For sehicles MOV1iNg 1Nto one ot
four (logical) direscr=ons: south-co-north  (SN),
west-Zo-=2ast (WE), north-co-south (NS) and east--o-west
(EW). Jsing cthis <frame capacicy allocation it is
Juarantsea, :hat radio interrerence of venicles moving
lnto diZZsrant directions 1s compietely imoossible.

identlfylna service cemands
540 3 :m a.l.-ocat_ncr
These

res
2CC. are
WOIK1Ng assumotions Zor zhe systam
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Morecver, relative mobility of venicles to each other,
which cossibly causes interterence, 1s substancially
reduced, according to the relative small differences in
speed of venicles moving into the same dJdirection,
compared to venicles moving in oppesite directlions.

A supframe from slot 200 to 300 is designed to serve
bursty coams. demands of all vehicles (inderendently orf
direction) ov offering random access slots. These slots
are mainlv used to proadcast local status ilnrormation
of venicles in quasi zericdic intervals. The suprframe
also orocvides a 100kbit/s one-way nigh-speed channel Dy
defining some 133 consecutive slots within his subirame

as one TDM-channel. The systam can provide 3 maximum
number of three such channels in parallel, or, if
required, one 300kbit/s channel. Most or the slots or

rhe four channel swilitched subframes, i1n addition, are
available Zor bursty comms, wWilch 1S cSossiple under h

concrol of the ISMA-orotocol (cZ. cnapter 3). The
macket radio network capaciIy of The Irame is
dvnamicallv changing, dependent <n Zhe actual <nhannel
switcned lcad o the network.

7. DECENTRAL “HANNEL ASSIGNMENT PROTOCCL 2CAP SCR

CaPACTTY MANAGEMENT

The geocal of capacitv management s O assign cverall
channei capacity -0 the different services in a totally
decentralized way, according ©to the diffarent
requirements, Ln orcer o0 optain a <IIST 2rIaCTiv
integraced snort-range r3dio network. To acaisve 1S
goal, 1t s 3 orcmising apprcach o cather all .Lccaily
availaple :nformation on currsent 3ccupaticn of channelis
0 manage a decentrallv controiled channel access.
Access nas ailwavs <O 2e <etarministical and snould
oricce =The cap cerween the dirffsring rsquiraments such
is reliapiliTy and snert delav.

We stace, zhat Lt is :‘.mpossj.bla for oniv cne MAC
Srotoccl o nandle all reguirsments sat:sfac::r:ly,
oecause Thev Lo mieh. consequentcly, our
apprcach derfines Iive carametars 10 SUPPOrtT Tanagement
Of zhe MAC _aver, namely (A) received-sicnal 3strangtl,
(B) 921t 2rror rate opserved, (C) zrunk occumation, (D)
direczicon ofr moving anad (E) v Or service. MAC
nanagement — ComorLses =n sasks oL 3llocating a
derarminisctic slot/cnannel orf The zotal availaple Irame
capacLts o =2ach service 4 d and assicning -
appreor.actse MAC  oroccocol. This allocation and
assignment dJdepend on the followling nIcrmation oceing
availaole locaily at =2acnh statlio

~ ——

A) Received-signal strength: The feceiver 1S assumed =0
oe able o detect he signal-co-nolse ©3Ci0 LN =2acn
SLOt. We distinguisn Zhrse ;osglble states: The
recelved sicnal strengtl LS

(1) apove scme Jiven marcin, =2.g. 2dB accove the
cnannel 1oise, r2sulting in a suriicienclyv nign
signal strengtil ©O rscsive With 3 Jregecermined

Low D1t =rror -ate (BER).

(ii) oDetween xx 4B and 1S dB, which appears w“nen =wo
stations are oo far distant or Chat one or more
messages are simultanecusly transmatted., cut de-
ccding 1s L1moossible or would result in an un-
acceptaply hign 3ER. On the other hand the signal
level 1s too nign to assume locally the channel
oeing not 2ccupled.

(i11) below x dB, wnich means, thact the slot .s [ree at
Thlis cime.

IL L1s lert =0 researcners w~working on 20 onvsical
laver o detarmine the optimum value OrL X 1n dependence
on the Irequency used.

83) 3it Error Rate: Zach station 1s able :o calculate
che actual D1t =2rror rate (BER) oerzormance oY

evaluating FEC ccdes used.

C) Trunk occupancy: Each station transmitting 1n a
channel switched subframe XX (XX=SN,WE,NS,ZW) of the
ISMA frame continously observes local channel occupancy
of its w—unk X as fgllows: A bit-map, containing cne
bit per channel of the =mrunk, is filled according to
the received signal strength with a locgical "1’ in case
of A(i) or A(ii) (see apove). Otherwise (case A(1ii1i)) a

logical 2 is inserted. After perzcrming an
OR-operation on all received X  trunk occurcancy

local occupancy intormacicn 1s derived
local 7iew of the station. The 2it-map
for supframe SHS oniv contains three bit, (cZ. Zigure
8) indicating wnich of the three ~High sneed shannels
nave oSeen detected in use by filling in a logical "1
(if anv). A hign speed channel 1s used, I 1n 100
consecutsve silots of suptrame 3AS cases A(Ll) 2r A(iil)

were detscT=d.

bit-maps, Gthe
reflecting th

D) Direc=:mn: Zach sSTtac.on 1s assumed "0 <NowWw Lts

logical Zirsction OrL TOV1NRg.

Jefines itselif, wnich

Z) Service-Tvre: Zacnh station
‘ whic orf ch

service it i1s willing o use ana
raspect.ve 3.10TS 1S cJnosen Ior access.

nd C) define supbstantlal 2nnancsments ::: ZSAP
=0 Z) derine zogether The proposed Irotocol
. = ﬁHDLVan i) =0 Z), the 'lecal -nrorna:_on ®)s
CSAP, »orcviding 3 2-nom local 7iew around 2acn station
only :is Eups:;tuted sy =he leocal cccurancy inrermatio
Oof CCXP, wnlch Juarantses .ocal access to ;“tar:arancn
free channeis v oroviding a2 1-aop local iew, I,
2g.(+i. Z35&F T2quirss applicacicn orf the 30 cailed
'm-mecnanism’ IO determine SosSsSipble ilnterzarsance, Wnich
rasultss o 32 channel Z2eing cniy zartly availaple for
the communicacing statwons. DCAP dees ot require 3

a), 3)
;’;8,3 : ".L]

;

p-mecnanism; instead of this <he signal strangth ac
aach =-2ceiver 1S continucusly controiled and a3
SW1lTCn-over =0 anc:tne.. ~nannei s Llit.atea, wnenever
e currsnt caannel appears 0 2e Orf  unsurlicient
quality. The 3ER is used as indicator 2r a Zad Inannel

quaiifsy 1o addition. Turther, the collision Zetsct:ic

mecnanism -aguired DoSv CSAP to 2e apolled v 1SS15Tna

staticns, together with The Transmission
Jith GCAP. i3 .S

indicatong slots is not used
JOSSi1ple Zecause oOf The supstantial rfegucIicn o}
reiative speed orf all wveniciss 2Seing Jotantlad

candidates For collision ov devoring <channels O Ne

dirsction 3: novement. Collisions within 2CAP are
sossicle onlv during chases, wnen TWO Or mOre 3TACLons
collide artar dec:ding zo astaplisn a connecticn. 3T =2

switch Zrom 3 bad channeil to 3 Iree 3.CC, ~NlCO
e 3

;ronabll;:v avent, =I. INao.

apparently is a1 low
Finally, it should oDe mentioned, =ac XAP an oe
optimized considering oniy 4 cecslvars .oCal
occupancy .nrormacion instead Or Tle Ceceivers ind e
senders local occupancy Lnrormacion, Iue O A
OR-operac:sn, 2. C). This variant Ls <Jurrsnt.y Scar
investizsation.

Summarizing, the aavantages af =he Jrotocol JCAP

are:

- indevendence of attanuation of =he ° —-::L-u:f' |

- hign =eactivity €O ropogracnical infliuences 1un?nr
ting <Zading and incerrerence condifions wd [Tom
wheather conditions, N )

- high =-eiiapility of e chanmeal N a.l? ArXs "D
roch, =~he ISMA srntacnl Aard =he ADLLLTY 0 =
aquipcped and aple toO ‘nSTaAncanecusly SwWillli->/ar "3 i
‘ree smannel, wWnenever the CUrTent annel sullfars

From Bad quality
compiet2 and save decentral contIoi

/8,3/ )
_ all menerits of CSAP (2. )
- capapility CO cCCoe 1L adaptive X/ IX TJansmizsion

ower



The remaining drawback of CSAP, namely the extensive
consumotion of channel capacity per slot to distribute

channel status information, i1s solved within the ISMA

protocol by assigning to each of four directions of
movement a well sized DOCAP-controlled TDM-trunk (100
channels each). The combination of A) to E) leads to
management strategies, which benerit into nigh overall
system perZormance. The overhead for —ransmitting the
trunk occupancy bit-maps, 1s reduced 0 a quartar of
the amount necessary with the CSAP. Apparently, it is
quite easy CO reduce this overnead camacity Iurther,
Zactor Of TWo 1S possible oy introducing eight

e.g. a
nstead Or Zour directions Of movements and 3 trunk
would comorise then 30 slots. 3v ordering the used
channels &to 2e in always known garts of their
subframes, =the zacket radio =unr*ame ;ms used for

could e allowed to aczess zhe actually
—he channel switf*"ai suprrames. o, -he
Zaalo part pulsatas acsordingly,
Ior the raspective

DUrsty comms.
free sicts or
capac.ty or Zhe zacket
resulting 1n an cotimal serrormancs
services.

8. ASSTIGWMENT OF CAPACTTY AND MAC 2PROTOCCLS ™ COCNCUR-

XENT SERVICES 3Y THE ISMA PROTCOCCL

The zask Oor this chapter is £o Zerfine, wnich MAC

protocol s resconsible for access oonorol Lo 2ach

suprrame (ZWS, SN, WE, NS, ZW, SHS) Zderfined :n =he ISMA

SEQLOCDL, 8Z. i 3. At the mament cniv —wo MAC

Orotocols ars fzreseen: S-ALCHA /4/ and 2CAP. Thanks =0

e local Lnrormation available, 2ach station <ows,

WO1Cl SLOTS 2r zhe Currant Irame are assicned 0 ch

7arlcus suprrames. The ISMA protocol 23ssich rr1ces

CO suprrames and a MAC 2rotocol per suprrame:

- ACCess Or suprrames SN, WE, NS, IW is ccntrolled v
he OCAP,

- che WS sliots/channelis again are OCAP cocntroliled,

- the 34S siots are S-aALCHA controlilad.

1 oroviding axclusively reserved channels Zor WS
messages ia e ISMA protecol and controiling access

Srougn Tne JSAP, he 21gn Sriority demand of  such
servicas 1S sSupporcad at oest. The 3dAS suptrame
COnsStitutas the <ermel Or the nackert radic gars, wnere
S-ALCHA .s used Doy 2il supscribers, .ndependently orf

Their Jirecticon Or movement. Two IZ=2atures 11 addition
are 2Jrcvicea there: First, the SHS suorframe 1s aple =0

ACCIMOQata up =0 Tiarse 11gn speed cnanneis. Thev are
reccanized oSV  listening o ail oDackers of zthe SHS
sSuprrame and in ﬂ,..catecz OV Setiing approoriate 'shannel

icCoraing ~ig. 2(B)., This mechanism can
,.ppj.:i.c:atmn or the OCAP =2ven ZIor
nannei(s) Oor suprrame SHS.

occurancy aits'
De .nterTretad as th
Dotential licn sceed o

channel Jccupancy Lnrormacticn nessage - (A)
(e.g. 100 2it/frame ) (200 bit) |
nessage (300 oic) - (B)

Tessages Transmittad n (A) th
cacKer switched suprirames

skricrture orf
cnhannel anad (B) =h

LG 63

A seccna feature 1s Zhat the capacity of the SHS
suprrame 1S increased "0 She same axtent as the

cumulative capacity O suptrames . X=3N,WE,NS,ZW
decreases and vice versa. Ln wnat Zollows we nropose o
use the ISMA pgrotocol ©o0 dynamicaily assign comms.
cacaclty CO suprrames, resulting in variable crunk

S1Zes.

8.7 DYNAMIC CHANNEL ASSIGNMENT IN ISMA

To realize assignment of channeis -o
according o0 the actual needs, :che

channels of any subframe are grouped at one of its two
margins. This is indicated by figure S by hatched
plains. The remaining capacity of the subframes is
released for packet radio comms., resulting in a
pulsating SHS subframe width. The actually wvalid

1ns orf this subframes have to be calculated by each
station 1n a way that guarantees, that channels in use
are oprotected against interference. To provide
sutficient capacity to establish new cams.
relationsnips, a oredefined number of free slots,
denoted TREESIOT-FAC, is reserved per trunk. Due to the
fact that interference radii are greater than
Cransmission radii a stacion in a subframe XX can,
generally, not decide, wnecher a '1' bit in a trunk
occupancy informaticn map originated from a channel
switchea oOr packet switched signal. Consequently, a
mechanism -s needed o distingquisn chese two cases. We

Procose At 2ach  3taction stores iln memory the crunk
occupancy larermaticn of the last Zrame. It s used *-o
camare Lt with the actuallv observed Lnrormation, in

order o Jerive the Ttrunk occupancy lnrormacion =0 be
distrilbuted, according zo the following rules:
R1: (marxing sule)

If a2 siot of Two consecutive subframes XX wvas de-
tectaa 0 2e 7', the XX trunk occupancy informa-
cion .S set Lo 7' Zor zhis siot. Otherwise it :is
set ¢ ')

R2: (orcer-ng rule)
Reassicn ne locally used crannei(s) suca =hat none
1s Tn Ne rignt nand side (for supframes SN and WE)
or 2T nand side (for NS and ZW) of FREESLOT-FAC
many Irze ')'-marked channels in zhe local sccupan-
Cy nIcrmation, ccunted Irom the left (ricnc) bor-
der 2r X.

RZ SUTDOITS 4 1arTTw grouping of slots at cne margin
QLf i ZImann e_ SW1tCled part and fermits the remaining
capaciTy IC 2e used IOor Jacket transmission. THis rules
are Iault r3sistence Ln =he sense, that =wo STaCLons
US1ng v chance the same slot :n two consecutive frames
for =heir zackets oniy block this siot for axactly one

tollowing ZI-ame. The onlv drawocack is shat =he
contantlln Zhase during channel astapliisnment s olcown

rame o2ecause or 1. The
snicws, hat Zhis is a

uR ZC Tw4O LnStead Or <one
Zollewing mopillitvy =avaliuation
very .oW Srcability avent.

3. VOBILITY AND ZVALUATICN

Perrormance

L e B o ]

avaluation of bothh oroteccols ISMA  and
DCAP Zces require modelling of mopility. We will
camoare I2sulfs Irom three diffarent models. Two  of
tnem assume stations wnich are randomlv distribucted in
a plane ind are 4driving with constant speed. The :third
considers e more specific conditions the corotocols
are desicned Ior. It lnvestigataes a stream of randomiv
on a ..ne :iistr::.but=d stactions with all orfr them
naving zthe same direction of movement .-:lth cheir sreed
ceing ~rormally d:.sx:::: outea. The modedl’ results are
camoarsd cConcerming the oSrocapilities o1 (i=d,1,2, 2)
that =xact.ly L new comnecticns occur during dt. These
orepapilities depend on the distr:ibuction and density of
stations Zleir soeed (distribucticn), the size or the
Cransmit radius and “he length orf che time intervali dt.
The garameter A represents che numper of sStations cer
square C inmcdels (1) and (2) and per line unit in
model (3), respectively. X represents the total area in
a cilrc-.e with radius R; X=2*R in case of model (3). The
first model (1) is *=aken Zrom /10/, wno called it
Reduced Yooi1lity Apprcacn (RMA). There an analvtical
model 1s used to opbtain these oropapilities ov deriving
Propapility density functions from appropriate olane
functions. The second model (2) simulates scacions
moving o e plane with random direction and censtant
seeed <I. /2/. The oropapilities are derived Doy
cCounclng e approprliate =vents and Ccomouting mean



values cer station and per time interval.
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I"‘I;a ,"_f" ;

i/ "‘:: V//JZ

.,
.

nogel (1) nodgel (2)

VST YIST)

moget(3)

STACLons 1N A Deing candidates
X range Or 3 and 3 Ior =anter-
Wnlch simulaces 3in  infinite
stacions cotentially
T Zheir nner circle

Fig. 7: Moagel (1) with
Zor  l2aving the
ng. Model (2),
net wWOork v rerlecting

.2aving the area or C,
zangent. Model (3) with acual velocity distri-

sucticns Zor 3ll stacions moving n one direc-
Cron.

The Zhir= mcdel (3) Ls investigated 3naivtically
using ha Izilcowing as*ummt_onS'
- sTacion 3' is in The =x¢X/rxX sadius R of a stacion s
ACCOrcing =0 the Zoilsscn distrizut-on,
- STation s nas speed 7 and S 1as speed V', Zoth ceing
normally distributad.
For Iurther Jerails =Z. /13/. At the moment we are
develicoing 3 fourth model (4), wnicn 1s siumulative and
doesn ' = :ave =he restraction that 311l moving stacions

nave a onstant or =2qual sSpeed axpectation value.
Moreover, '115 nodel drops the assumotion o nodelis (1)
to (3), zZhact stations are ilndependentcly distrisuted ouc

simuiates enicular =rariic as realistic as oossible v
taking Lwnto account ampilrical 2 ractaa vaiues Ior
venl ie densitles ana speed distrizutions measured  on
german 1ilanwavs, <IZ. '3/. The movement or venicles are
modellad correiated and driver act:ons are classifi=d
INte TwO catsgories, Jne Ior scortamanlike and cne Zor
more cderansive drivers. Modelis (J) and (4) -sepresent
the s0 czailead DOirecticn Ceccuplied Mobility Apprcach
(DDMA) ., The re2sults o ﬂoael (4) are not availaple atc
the sucmission date Or Gthe zaper. The mopility is
measured .0 2il The models v the -atio =z/R, wnere R

denotes -he ~x-radius anga -
(1) maxyumum ~elacive Jdistance Hetween WO stations

artar 4t Time units 1n modelis (1) and (2).
(11) distance a venicle Ls axpectad to drive during dt
N ncgels (J) anda (4).

This mplies zhat =2qual mepility for medels (1) and
(2), commared o (3) and (4) cdo not have =xactly =he
same Dasls. Jut nevertheless are userul -0 characterize
Cle stacions mepllity. We do need this £o make the
different mcdels camparaple. Looking at the results,
CI. cable 1, it 1s opvicus, that the oropability of
Jaining a new connecti.on during dt 1s much smailer for
a linear model (3) of movement than Zor a mcdel with
omaidirecticnal movement, <. models (1) and (2). E.g.
for =z/R=0.01 (0.05) and AK=10 the propability 20, thac
no other station enters the rsceive radius Orf 31 station
during ct increases Zrom 0.944 (0.765) in model (1) to
0.2934 (0.3557) in modei (3). Moreover, -he results of
mcdels (1) and (2) demonstrate the compacibility of
lese mcdels. Hdowever, we have Lo <eep 1n mind, Gthac
the assumptions made are not verv realistic.

Tab. 1: Cependence or

contincus comms.
mament, wWe nave Lo use roudn guesses. Assuming a hich
comns. —rarfic -oac W1lCN a STAation naving an expectad
call interarrival zime Z!IT! of =2.g. 100 Zrames artar
Jiving 4o 2 ;recedinq call and an axpectad cail
duracticn Z 0T ! of 2.3. 300 frames, we have an offsred
trafiic o2er station OoOf o=0.73
thers, Zhat 3 sStation can have cne channel oniv atc 3
t...:ne occupied ann:‘. that th
1S LncCerencent
Lncaersarasnca :adius QL d=3*R
occupiaa chamnels (CC) 1n modei (3) Lis

per Jirsction oL Tovement,
capacilty .3 3at.srvaple.
fhat 31 Tessage cacket Jr =h
QL =he ISMA orotocol couid ce arroneous, tecause of TEC
and switcnling o the
maxKing
connect.on
orocapllity Zor 3 channel switch Pcs(r/R, \K) in the
OCAP simmoly as (cZ.

K 10 20 30 10 20 30
(1) 0.01 0.344 0.892 0.842 0.054 0.102 0.145%
(2) .01 0.332 0.8735 0.818 0.0655 0.1175 0.160
(3) 0.01 0.9934 0.9869 ’3.9502 0.0066 0.0131 0.0196
(1) .05 N.765 0.570 0.43 Q0.205 0.220 0.363
(3) 1.05 0.3557 2.9133 0.3729 0.0433 0.0828 0.1187

model =/R 22 n*2

£ 10 20 30 10 20 30
(1) .01 N.002 J.006 0.012 0.0 0.0 0.0
(2) .01 J.0024 0.0086 0.017 0.0 0.0004 0.0
(3) J.01 0.0 Q.0 0.0002 0.0 0.0 0.0
(1) 3.05 J).026 0.390 0.1353 0.004 0.02 0.054
(3) 3.05 J.001 0.0036 0.008 0.0 0.0003 0.0004

varicous Sropabilities of medels
(1), (2) and (3) on the mobility z/R. Parameter
values are: R=100m, dt=0.ls, mean and standard
deviacicon of velocity are vm=i0m/s and g=1.om.

AS N0 agreed astimates [or he trarfic menaviour or
service demanas are availaple atc =he

=rlang. It is assumea
cams. trarfic or a station

Icm other stations, ASSUMING  an
—he sxpectad numeer o

2OC ., =2 *LE Jshere X' = 2 * 4, giving

As The ISMA orotocol ;rGV1des 100 comms. channels

e axXrectad maximum TIunk
N&glm_nq he _ODSS...blllt"_!,
ZONClNuous comms. sectlon

channeil .f the 3ER arises, and
e WOrst case assumpticn, that svery new
causes 3 channel sSwitch, we Jderive th

zaple 1):

?esir/R,aK) = 1 - 20(z/R,AK)

WNLCN 1S & low crocapility svent. The axvectad value
o

U, That any orf all stations oxv £O allocate a new
channei in a Irame, is derived as

EEF: = cmcme————————— « 2cstr/R,iK")

This value s imeortant for dimensioning the ISMA
Drotocol 2arameter FREESLOT-FAC. wnich 1s responsible
for 1 good channel access gerformance using the S-ALCHA
QroTtocol.
overnead and 2*—fic:iencv. Cerining overnead (0O)
cercentage or =he transmitted data, which Ls necessary
for a successtul transmission and efficiency (E) as the
quotient orf the oure Lnformacion data (N) and the total
data volume (G),
lossed, we straigntforwardly Zind thac
arficiency and cvernead svaiuates (neglecting V) to

(static)
as the

QOther cerrormance 1ssues are

“alch (s N -0 +« V¥V with ¥V = daca
~he DCAP's



E 3 cecececcaas 2 /6.6% and O = 33.3%

Refinements of the ISMA protocol aiming at a reduc-
Cion orf the static overhead, may take advantage of
research results concerning comms. tratffic oparameters.
It wll Pbe investigated, wnether the relatively high
overnead of approximately 33.3% could Se decreased
sustanc:ially, oy reducing the Dbit-map control
lnrormacion cart, pernaps dependent on the oriority of
the approoriate services, without loosing che fsature
of orfering very reliable channels, especially for scme
services like EWS, overtaking, =tc.

9. CONCLUSION

We conciude with a discussion of =he oromises of the
orocosed TDMA  structure and LTs access Jrotecols. The
main agvantage or the Lntegration or diffarsnt services
INTO <Cne comon zandwidth 1s, that low <cost  and
multi-functional terminal and radio =quirment  is
oosSs1iole =0 achieve. IE i1s worth naot:ing, thac
millimecer waves censicered here at 40-50GHz ~an be
sucstitutad 2v IR without anv changes =0 zhe ISMA and
DCAP protocols. Another promising Ssacture is, shat DCAP
1S independant oI the =xX/tr range, wnich sucports che
use OI 32Captlve Control of “he =X range o cenerit &r
scace multinlexing. It should 2e menticned, chac a
centrolled axtansicn of the subframe X :1ato  anocher
sucrrame X' 1s oDossible in zase of overicad of X
further Ne sSTACtlC supframe lavout zan 2e z2daptad =0
The applicaction’'s sequirsments. -ts Seaturss Savour -k
SMA cCrotocel o oSe  appiied o a Jrototvee
umpilemencation  in the smail', wnich is cossible in a
moqular wvay Jy omitiing in 3 Zirst ochase the more
sopnlsticacad funcTicons like zhe cuisation of th
Sacket C3Clc cart and 1lign speed channeis. The ISMA
protecel  would remain  unchanged, if he crooosed MAC
orotoccl 3-ALCHA would 2e suostotuted 3Sv  anv  other
orotoccl.  Cur oroposal gquarantees a  1ign svstem
reliapilicy, due 0 che :ctally decentralized
orsanizatc.on, and 31 maximum SysSteém <capacity ser
service, 2due o the adaptive assigqnment JoF slocs
accorcing 0 the current needs.

Moaelling, anaivsis and simuiation of =ke 2rerosed
OSrotocels 10 Jdetarmine measures Like zhrougnouc, Zelav
and channeli ucilization will De main zarts of our
tuture work.
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