COMVUNI CATI ON DEVI CES AND METHODS FOR PERFORM NG COVMUNI CATI ON RELATED
APPLI CATI ONS [ 0001] The present application clainms priority to the

f ol | ow ngw@i2ntpape+48 Pat ent Applications: 201101535-1 fi IPEW/SGR0IREN@GT 3,
2011, 201101534-4 filed on March 3, 2011, 201103402-2, filed on May 12,
2011, 201105179-4 filed on July 18, 2011, 201106745-1 filed on Septenber

eni i roty, AR HINEAREIATICES 1003 MERIRIDSEQIEPERITRMING 17 |
generally relate to a comuni cGOMMUNICATEONand a net hod for performng

conmmuni cati on. BACKGROUND [ 0003] The | EEE 802. 16n System Requi renents
Docunment (SRD) specifies a requirenment for Hgh Reliability (HR) network.

As such, one of the requi re’ﬁ%ﬁ&TEE&ﬁLI@)@FIm |l e stations (HR-Mss) to
a

communi cate directly with eac in the event of network failure. The
HR- M5 t o [BBONE dThe geesentoapplicatiat clainss pderyr foothe dullowingr Siegapope @atzatur i n

the event of_ a.dis er r he backho e rk_is siroyed., The rescue

t eams (e.2ypP! F?V@f?e%ai\]rﬂpggﬁi"g@é Wfﬁé’é’h?y r&@tﬂ}l @Vﬁgwﬁ%%’gﬁiﬁ%ﬁ%&? g’ directly

gv'ef: g;g; bR hen1 1subRyt fikedbas Wean g2 Ned oo i ¢ 190 de FiddCoPTRN! e Hji1gast er
201106745-1 filed on September 19, 2011, all of which are herein incorporated by

reference in their entirety.

FIELD OF THE DISCLOSURE
[0002]  Embodiments of the invention generally relate to a communication terminal

and a method for performing communication.

BACKGROUND
[0003] The IEEE 802.16n System Requirements Document (SRD) specifies a
requirement for High Reliability (HR) network. As such, one of the requirements is
for the mobile stations (HR-MSs) to communicate directly with each other in the
event of network failure. The HR-MS to HR-MS direct communications scenario
could for example occur in the event of a disaster where the backbone network is
destroyed. The rescue teams (e.g. firemen and police officers) would have to
communicate directly with each other without a backbone network in order to provide

disaster recovery.



SUMVARY [0004] In a first inplenmentation, a method for performng direct
nobi | e-to-nobil e communi cation in a cellular nobile conmunicati on system

t he cel | Wweano0riig448 conmuni cati on system havi ng at | easPCTHG20m2900067
stations and a communi cation network for providing a conmmunication

connecti on between the at |least two nobile stations via at | east one base
station of the communication net wpfmpeyovi ded. The Method for perform ng
di rect nobile-to-nobile comunication in a cellular nobile communication
syst em i [00@4]es Iras $iostiimiplengensationy s tmethodsi foe pstfatmiog daed molibztwAdobilbi | e
station with the at | east ope bagigenstati on, .perform ng nei grbor di scovery
bet veen (HEIRYHEAIORDSH poceliblaF | BRDL FOMMHNISSBR SYRGHH | Be ofelflap mpbiie

repor ti ngohinidi&tidh Aygéﬁ{ h¥ifg bR9east @b ABbildelagi6hd B8 heorh@asichidd ty of

di rect conmuni cation“between the first nobile station and the second nobil e

st ati on, restaklfos proviliag dicosonunication rtousdction betwrdenidbe aekeastttve mobileast two

nobi l e statjons, allocati i dentif.i.cation f.or.comunication adswd.Ef | ow and
‘?/\E%ﬁ e

r esour ceStaIGPS Xiargt igashen sfafign of the; cqrgpppigationReRark IS provideds oI d nobi | e

station, \uR6H rf&ﬁfgarrd?gn@eirédt MOIRL88RGbitehG rhrhlifitatiFRlin £ cafudr @obignd t he
ion, and sendi ng automati c repeat reguests (ARQ

second nobile sta _ a _ .
messages .cofinhunication gystere ne¢lades assogratinga fostrmolbilecdati ragseedrghmaleile i ncl ude

allocating ,.a cannection jdentification £ClD) or st.ation identification
(ST Dy t Ohein S et ot o st s Abh Hbeforinib e e? YRbhARy bESRER IR St Pon,
a nobi | e fFhahoBIk ditfonRRdftRe §coad HHobae ktatlol FdrGepdtiBPid e @PIMARtHNE BatcON i N a
cel lul ar nobil e communi cation system the cellular nobile comunication

syst em cotgsions defgeting theafsesibility ebidincet eqramppigatiom betseen g Airt J0PRIIE net wor k
for provigj: jcat | c ti - . bile
stations s\%tlgga%dlceas &gﬁg %g@ée g{lgﬁ ﬁ’oﬁg%lgﬁ {?geggdﬁ#reugﬁicca |l§%§‘hg work is
provi ded.befinthd al Ragttabi mobilentitivte salbochtig Rlestiifie@tion doi cqpmeanicatéonper f or m
comuni cation with other nobile stations, ? detector confi gg\r‘;ed to, perform

nei ghbor %8 kv 8pqd resoppsss dor i dlopp befvesn dae fird mhilsrytongindcgesegonds ot her
stations, - th : j | i I an
transmt tné(gﬁ%%é? gés&n%@%y%% %E?%%g‘?fntggt Sgn?dg?:%(rgygi Mﬁg&s]metjsgf:&giet e?/n‘i ne
t he f easinobilet sfatih, dnd setding antumatatrépeat fequests GARON muskrigee tlcatorg and a

synchroni.,zer. confiqured to synchronize a |ink bet n the nobile. station
2d Aot HEmiRGERL 1% SomaRicHGRoRr Fvy By aigRae: SO anTRTETIoD & et hod

for perf QidhidasGIEIN)CA & QRitibA idedi@Rbtich ESIFINYGoNAL \Wekt Edmusi8stion
initializing a first nobile station into ad-hoc node, discovering whether a
sui t abl e liwki sting ad-hoc network is within range of the first nobile
station, joining the first nobile station to an ad-hoc network by having
the first nobile station join the suitable existing ad-hoc network or by
desi gnat i[pgnd] held anofier WaplehRnttiah,i Ofobite Qatéofod Fﬁﬁrﬁﬁng diréct ARibilado-hoc

net wor k, and communi cating with the second nobile station fromthe first
nobi | e steghilsncesmygicatien ag -4 cellHat wabide qoemuBisatinm sYsemniie gelidanal |y be a

device w -Si m i it a.b i.0 . I.PTI ON OF
THE DRA [‘%%ungcgﬁg%rﬁﬁer cc?‘re@?iiﬁlslgt ﬁiqzaggé{évb aﬁrgbggﬁéfﬁ%gg\%n (fges and
f eat ur es comniuigcapibe seOVorkNfoe provading & commupatiorc ubrmectites betivetn ole af t he
invention will be rendered by reference to sp?ﬁ):efi c enbodi nents t hereof

that ar e lfast e mabibgsiponsyyéa éds@ﬁa%bﬁﬁawnﬁ@g {COMEUBHIBR PEFEOE that t hese
drawi ngs eRh&!. OThY MBIE AP ABNTRR! 9 Hanbddfek UARHARA 0 pdiffind DT ef 7 €

not to be considered [Imting of Its scope. The Inventlon e descri bed
and expl abmaedini¢ation adth ethemabbispaatidnisca tgteetndcaidigardd to lpecfogh neigbbarse of t he

acconpanyj.ng drawi ngs.in i ch: [000 FI.G 1 sho conmuni cat | systens
accor di ng I%Cgv%rﬁbfﬁﬂ’f’ﬂeth? ges té(?(g 55# PF‘@H’% ‘i‘ﬁ‘iﬂ?@ryamf P Wﬁﬂ?saﬁ‘?c&{:(gg}edi ng to
an enbodigRk -from the neighbor discovery including any transmitted address information,

and using the recorded results, determine the feasibility of direct communication for a

given mobile station, and a synchronizer configured to synchronize a link between the

mobile station and another mobile station.



[ 0010] FIGs. 3-4 show nessage flow di agrans according to enbodi nents.

[0011] FIGs. 5-6 show fl ow di agrans accordi ng to enbodi nents. [0012] FI Gs.
7-8 show WDawa2diigg8ans i npl enmenting the nessage fl ow di RGTHGR0IBI0006Ts. 3- 4,
according to enbodi nents. [0013] FIG 9 shows a flow diagram according to
an enbodi ment. [0014] FIG 10 shows a state transition diagramaccording to
an enbodi nent. [0015] FIG 11 shows a communi cati on system according to an
enbodi ment. [0016] FIG 12 shows a flow di agram according to an enbodi nent.
[0017] FI[0B806] 13{riﬁet$hooNedm;ﬂembntbmg1 dinsgthadhfor aedamadng gomomuandatdn imemt s.

[0018] FIGs. 17-18 show fl| ow di agr.ans acc rd| t o enbodi 0019]
FIG 19 dnekile ad-hessnetyerk % iglpder dializing a Frafi gbt ﬂf‘osta‘ﬁ%}%%gm@ﬁtmo%ozo]

FIG 20 $fiQ¥SeihdwheMeral shﬁméle%&hagaaqroer&m&kt@ WihigaRgH BERe first
mobile station, joining the first mobile station to an ad-hoc network by having the first
mobile station join the suitable existing ad-hoc network or by designating the first
mobile station as a coordinator in a new ad-hoc network, and communicating with the
second mobile station from the first mobile station using the ad-hoc network. The

coordinator may generally be a device with similar functionality as a base station.



DETAI LED DESCRI PTI ON [ 0021] Reference will now be made to figures wherein

| i ke structures will be provided with |ike reference designations. It is
under st ooNORhEY1184#8 dr awi ngs are di agrammati ¢ and schemRCITSG2eR0886NMt at | ons
of exenpl ary enbodi nents of the invention, and are not limting of the
present invention nor are they necessarily drawn to scale. [0022] D rect
nobi | e-to-obi | e commugy f i i e E 802. 16n system nay
hel p i nprove network ca%gl%ﬂ)ggadﬁgp?mgﬂ?tﬁy. I'n tCESEcase of an | EEE

802. 16n g980AM ToRuttertobarifiRtiMdabtdive and othenadvantages anl featmrdsef thegmssent ed i nt o

two categories: wth a supporting. base station - BS), and without a
suppor t i 1§VFAROBS MOGORATICHARE $FSF lﬂne‘ffé%e Py eRies ‘&'ﬁ‘ﬁ’%a?prﬁﬁ?i gé{f?gﬁﬁng'ﬁ/st ens
are depi %ggeeiﬁcmb%hnkgﬁmekdf%&l' dr8 GiihfraANTRURL GRbeAHRd WrAWingR s 9 wi th

HR-BS 1 supporting the direct comunication. One of nore relay stations
(HR-RS), appradmpidcthetitheseadrawings depict ondly tigisdaliembodiments ebithie gnvegtion end

according to, various, enbodi nents. . For. .exanple, HR- 3.may, .be arranged to
D ovi de. ri5F A)AERRE ok a0 oy PRRGE FITIGRE It FoRRS. 71 hes i VERISHG Va1l D¢

Al t er nat i 4glyhed HRd RRpBiEAYWHE additiaRAaPedifciBy MYd Haafl ThrdKgls BleVise&F thé om HR- BS
1 to HRRM5S 7 but not to HR-M5 9. As a further exanple, there may be HR-RS 5
arr anged acooppavingedmwingg iswhihces from HR-BS 1 to HRRMS 9 while HRRRS 3 is
arranged to provide relay services fromHR-BS1L to HRRM5 7. It is noted that
while a finite nunber of HR-BSs, HR-RSs, and HR-MSs are shown in FIG 1,
communi Ca[t)oozg S ¥§G ENshoWRYcobftinsifiédtiod syQehdaédoetEingttl éhPdEmbldsBSs, HR-RSs, and
HR- MSs. [0024] Wth current 802.16 networks, when there is a base station,
the M5 is not allowed to talk to another Ms. All the data packets nust be
sent to st at I ' i: t hat base stations

( BS) havaﬁra@él # ?‘?r‘eop%hé’ﬁgggﬁw‘g%ﬁ?aé’gf’%ﬁﬁggé ah crftbdimEpe 2 0 PR VB di rect
communi cati on, however, radio resources can be conserved in certain

envi ronnments.. Moreover, an 802.16n network, as_ described herein, is nore
capabl e dPORYi nEHish3ryshosy massage Hewrirgarans resedipy fq spbefimseers. [ 0025] To
enable HR-M5 to HR-MS direct communication with a supporting base station,
several inprovenents over existing standard such as 802.16e or 802. 16m are
necessar y{00] J025]G§06k6 shust Aowaliagmm$accefdngtvommbaglithRés. 2, a fl ow di agram
according to an enbodi nment is shown, in which a nethod for perform ng

di rect nobile-to-nobile comunication in a cellular nobile comunication
system i 500eRni CFaGs, 7T§‘§h(5WTﬂB®ddihﬁﬁln§%?leﬂa%‘ﬁﬁﬁg #ld Messdde Ao idifdral®Bf | €
station and a second nobile station with the at | east one base station,
per f or m rJGs3B3-Aciaghisiing i exahwdementpet ween the first nobile station and the
second nobile station for reporting to the at | east one base station,
detecting 15 the feasibility of direct communication between the first

nobi | e st@bipn &g, 9 fRwsechud diighin eccdtdihg @an @bbaidnesthi ng 16 a direct
communi cation link between the at | east two nobile stations, allocating 17
identification for comruni cation and flow and resources for a flow between
the first il tafd -t he.. j i ynchroni zi ng
19 the fl[(())gvp‘ﬁet %@.ﬂﬂ%%@%%@e ﬁogrgslltﬁdgl dé?% I O’B%c%?&ﬁi%tﬁgﬁée@%‘gﬁ@aeﬁgbi | e station,
and sending 21 automatic repeat requests (ARQ nessages. Once data

transm ssi on_has_been conpl eted, one of the nohjle statjons can notify a
base st atP8k] oFIGokleshg@iercammunicaiion sHiteR acerrdingde ae emPRIMERti on, to tear

down the direct conmunication |ink.

[0016] FIG. 12 shows a flow diagram according to an embodiment.
[0017] FIGs. 13-16 show data timing diagrams according to embodiments.

[0018] FIGs. 17-18 show flow diagrams according to embodiments.



[0027] As an illustrative exanple, HR-M5 7 and HR-M5 9 associate 11 with
HR-BS 1, and perform 13 nei ghbor discovery. Preferably, HR-BS 1 schedul es
t he HRVBsWOcotslisBghbor di scovery. A suitable nethod f@CTHR2MB/N@6CHhbor
di scovery is described in Singapore Patent Application No. 201101131-9,
which is hereby incorporated by reference in its entirety. As described

t herein, an 1ﬁﬁHH%§ o their
neighborébgyg aﬁ§§égﬁ$§g§gf%£$%%lr one a&ﬁﬂﬂﬁ%ors 7o a gnfron1tine to
time. The results of the neighbor dlscovery may be conmuni cated and/ or
stored inoh2oli NGIGA Bsws athesiRflow diaghad adcordifid\Vin embvdimbit: M5 9 nay
report the results of their respective nei ghbor discovery to HR-BS 1 for
stored nmai ntenance thereon. Alternatively or additionally, HR M 7 and
HR-M5 9 may report the results of their respective nei ghbor discovery to
one another for storage, or may provide individual address information as
part of the nei ghbor discovery process. [0028] As a result of the nei ghbor
di scovery process, HR-BS 1, HR-M5 7, and/or HR-M5 9 may have stored address
i nformation indicating HR-MSs nei ghbors. If HR-MS 7 has stored address
information for HR-M5 9 as part of the neighbor discovery process, HR M 7
can detect the feasibility of direct comrunication to HR-M5 9 by

determ ning whether it has stored address infornmation corresponding to
HR-M5 9. If HR-MS 7 does not have stored address information for HR-MS 9,
HR-BS 1 can determ ne whether the neighboring table stored on HR-BS 1 lists
address information indicating that HRRM5S 7 and HR-M5S 9 are capabl e of

di rect communi cation between one another. HR-RSs nay provide relay services
for HR-BSs, and thus the feasibility of HRRM5 to HR- M5 direct comunication
may be capabl e of being detected at HRMSs, HR-RSs, and/or HR-BSs. [0029]
The stored address information, as applied, nay generally be network |ayer
address information such as Internet Protocol (IP) address information. For
instance, in an 802.16 network, when an MS starts a new flow from
application | ayer, the 802.16 nedia access control (MAC) carrier sense (CS)
sub-layer classifies the flowfirst. It extracts the source and destination
| P address fromthe data packet. Thus if an HR-MS knows all its neighbors

| P addresses vi a nei ghbor discovery, it can determ ne whether HR- M5 direct
communi cati on can be perforned or not. Whether such information is
avai |l abl e may depend on the information provided in nei ghbor discovery
nmessages. Sonetinmes the | P address of a nei ghboring node nay not avail abl e.
In such cases, a HR-BS or HR-RS should informthe HR-MS of other HRMSs's | P
addresses since detection may be perfornmed at by the HR-BS/ HR-RS. [0030]
The stored address information, as applied, nay al so be the address that
HRBS/ HR- RS assigned to its associated HR- MSs. [0031] The feasibility of

di rect communi cation can be detected by the HRRRS/HR- BS, but the
HR- BS/ HR- RS shoul d mai ntain a nei ghboring table at the MAC | ayer.



After the CS sub-layer has classified the flow, the HR-MS should send a
dynam ¢ service add request (DSA-REQ to the HRRBS/HR-RS to get a flow ID
from t he WBB8I2HR84R8. The source and destination | P addr @3/5G302t00eehed i n
t he 'DSA- REQ and thus the HR-RS/HR-BS can detect the feasibility of HR M
di rect conmmuni cation based on the | P addresses in the DSA- REQ by, for
exanpl e, conparing the provi its neighboring table.

[ 0032] The above feasibili tyﬂgg@gg%lﬁg%%%\éogﬁlév?g | when both HR-MSs are
associ at §002 ]t hRiefegend®- Wl WBwBbe mddet toe fipues HhdvEa kikee sascames avidldben t h
different infrastructure stations - _ that is &fCh QENB is associated with
di f f er entPreRdetsvitly like deforencs desigpationsi M squpderyioesh dhatipthralrawidet HES ot her
HR-M5 i s Lal:ed - i e i i y only
be abl e t(gg%%ﬁhgtlgc%ﬁgd%%&?%g &é—r %’%ﬁtﬁg{’)’#y ro gcée}{éﬁb %%rpaerhgﬁh%g%kg? t??om a
HR- MS.  Asndssion] dndchrahonviimitalg dfitiat presann inviehttorHrb1BSe tieyaepesardy dfavdet ect i ng
the feasibility of direct communication by checking the source and

dest i nat it8A4® address inside the data packet. [0033] In FIG 3 a message
fl ow di agram according to an enbodi nent, in which a request for a service
flow creation between the first nobile station 7 and the second nobile
stati on 90622 aDimctametildt-mbhide abinpumidation i, foegustaiceianclikde802éonli ng 23 a
dynam c servi ce add,request SA: REQ) .fromt f.irst bile statl] to the
o " onct Sy 2l B ERBTYS Mok SaReel ettty 2 afe g ot TR o

cor r esporgipN@nts9stte HR-ME to RIS EfcRt LARminRAGOAEH 85 Sladsifi F MBS tvah
corresponding to the second nobile station 9, as heretofore described. The
al | ocat i mategriesegpithsx supperting basersgationdEIR-B83 aind iwithosbarsipporing BR-Bhd f 1 ow
identification resources, communicating the reserved radio resources to the
second nmobile station 9, sending 25, fromthe at | east one base station 1
to the sqoors] nwitd eefedentd @ FEG. DOtdrhinGaAichtidh Sfstérhe afky depidted sembictle add

request (DSA-REQ, sending 27, fromthe second nohile station 9 to the at
| east ond1RAdR TstsadiresHy commugjeating vidle HR-MS awith didis & sppepttipgthe  sendi ng

29, fromt. . 0N i . & Se . i jon 9, a
dynam c s&é{égtl %@%ﬁ@égéo%h;bm}ﬁ? M('i %EE&JG X%isﬁﬁg{o%sg{%é%gﬁ aS'ha?agdrﬂl?aéser ved
radi o r esntcludekintconinhmidatios tsysrerhs hecosding tcovaribus smbddingensl , For eeampleg  at

| east one_base station 1 to the first nobile_ statjon.7, notifjcation of the
dynarmi ¢ %&5@%@%&3%&3&&@@ e pRipy ,Servgcsﬁﬁpﬁgﬁkaﬁs flrtemh]%ké@tsﬂgast one

base statjgnikayslie histhatBh! HR-RS hﬁg b, arfar ¥ Mo VI&Y YIS s@bifdes

acknow edgnent ( CK) , nonitoring the reserved radi o resources by
t he secorftombiR-B8 IstoafiR&viSfidrut motipnidRiMRBi9%2 2A$ a furtlieg nxdmplE,0be4|massbean

illustrat.i anpl e, .when. HR- 7_want.s t Lrectl sm.t a packet
to bz e RS AR AR A el bl 5ot ARebBa it HME Uik B i,
creation.3 MiefinkRt %Egbv{&%ia_\ye@rﬁt@ H6th HIRBS 1| @UHRLIR! 7.0k fs&fpt@Sthat i t hol ds
on the response to HR-M5 7 first and notifies 25 HR-MS 9 regardi ng the
servi ce cvlile pofniteenember. of HR-BSa| HR-B8ssansl HR-MSsHmepbown: i FlGsd, send a
response to HR- 0 ff ' - h HRGL id. L.S51 0N
until HR- i é;é[ﬁp éasggltg?]gr&& g’ﬁssﬁlaggﬁgﬁsg %/?ﬁléﬁlﬂgelﬁkno iﬁtﬂeg%g’ml%ﬁe
servi ce HRaM$Hn request, HR-M5 9 sends 27 back a response to HR-BS 1 and
monitors the relative wireless channel or sub-channel for synchronization
signals fromHR-M5 7. HR-BS 1 continues by sending 31 the del ayed response
to HR-MS [ ' k - k - 1.

10035] e 0w T Byt BOZ IRtk E R G S UHRD St PBA e METS D, med i

t he direcdlosed w ta&k @doiothBSR)S. el sleegdass pavkelts piwest be sdnk yo basnsatibheSdrie BS/ HR- RS

or other HR-entity (infrastructure enti assigns a flowid for direct
comuni cAEFHHOTY KEImESIEgHEthAY wis@tl%y&%% GUA FEH-5 TS RORTPHRVeE SEWET HR: NS
and the dgskidaiipidy MR WS firdod EoRBnRER AN, Ry (L0036 ol & 4 shows
a message flow diagram according to an enbodi ment, ’in which a direct
conmuni cabhgmvesleiny ceraifi |envirbmhevten Mheeofen s 8G2hl drenetvath,cas desanbed he
second mi_ibi l.Le .station 9 are allocat eld bi?. The de ith@d sgrvi ce flow

creat i on NEEIRAS POE FaRAPYy of anipinifed Alatle CommEpICALRS| WNBE Y1PYFS7 and t he
second nobile station 9 are associated with different infrastructure
entities. In such cases a common infrastructure entity, can detect the
feasibility of HR-MS direct conmunication. Once feasibility is detected,
the follow ng allocation procedure n?y used in establishing direct

communi cation. The allocation 17 includes reserving flow identification,
comuni cating the flowidentification to the second nobile station 9,
sending 37 a dynam c service add request (DSA-REQ fromthe at |east one
base station to the second nobile station 9, sending 39, fromthe second
nobile station 9 to the at | east one base station 1, a dynam c service add

o o ~r~ A N\ r o, o, o oy g = a . a



[0037] FIGs. 5-6 show flow di agrans accordi ng to enbodi nents. In
particul ar, once data flow 51 is established ARQ nessages 57 can be sent
over the wonrectiisagmuni cati on channel between HR- M5 9 amrdTidB2043/06006F0r
exanpl e, HR-M5 7 and destination HR-M5 9 nmay alternate use the direct
conmmuni cation |ink between data and ARQ nessage transm ssi ons.

Sendi ng. diBttiar 18 FesdfME EEREMSEE ShRRuplE A e aBRE by, o0i)

bet ween atdtiohseveRPimhprovtmbnto Bverskiingataderdeuch lag 862.a6¢ 6n80NI 6ritaye OCCUT
via a base station. Additional infrastructure entities, such as HR-BS 1,

may be caegss&yof notifying the HR-MSs of the transm ssion opportunities
and radi o resource assignnent either via a dedicated control nessages or
via the schedule IE in the MAP. [0038] FIGs. 7-8 show fl ow di agrans

i npl ement[00zp]t hBormassmge, Withwettrage aosFIF. E| £36low3dibgrant @ocatiling fooan

enbodi nents. When HR-BS 1 recel ves s DSA-REQ from HR-MS 7 and determ nes
that the cAReodENeAt 4p shenyis whighea mt%&rsper&gmlnggtreq Bepikto-mebMini cat i on
i nk has i up
direct cSOmmiiaBE TR Bl pidfERoderAa BAS MR EUEALED! B HBBR P e

3, 1s to indudes atskrma’tmgpldnas €@irst endbiile sHﬂoNﬁnﬁ aasedorsbtnopil@a stdtiore etithcthenatini cat i on

link first, and_all ow ng HR-I\/?i EO nlcat datagef\,r t he, direct
conmuni cd€4sbANE jbage StA“%’écRﬁ‘i @i} b gsiZhEok IseQery, befeer | thoy tust MebLs whil e
si mul tang Ilyanlaamk @ecdeB HRobile stﬁﬁ‘édJ Poraregbr& n%}o GREYH NaGBdeObask i stdfioRet ween

HR- M5 7 and HR- M5 novi ng the data co ni cations over to the direct
conmmuni caletesting il Ithcafetaablhty ofi dse@emmmmhedﬂms&w@deen[ b6 385t mobipmstatioul ar,

FIG 7 i l.epent s I nt f.irst strate re HR-BS 1

recei vesr?é EEF?QB ,11&0@ I Bt F%ﬁ’wph‘d‘ﬁe&e a diegt GoEy WH%ih;Eet‘yeelbnd hol ds
of f on pripyhdicas to MORISELi6M, EifoddEing - 17UaeMi fiEEh \fbﬁ&nﬁﬁuﬁl@%(ﬂsﬁlﬁQ from
HR-MS 7, HR-BS 1 determ nes 63 whether direction communi cation is possible

bet ween, floyr and zespinses FR-aVBow hehwiearRhi/dirg, mobilejstateen (MBhanhtheasecond i s not
oss'blebt HR- MS.7 and - -B S n -RVD to
ER— I\/IB 7 éﬂ%’ ge%}é egyli’%ommfl ﬁ li? t%rfﬁda Iﬁ%é"f :tg(?]gg%tl?%ﬁl ag(ll;%%@\%?e(ver,

direct cqerand @abil®btation, aRisicaliRglEt weematiRRréfeall raynestsIRA R, messages.
deternination 65 is nmade whether direct communication is bei ng setup. If a

di rect cdMmrarfatntramsmissionhassbacs copwiqied, e qfghe abils sttiens camneifyset ti ng up
a direct i u en HR- M5
7 and TR S T g e R o Do
measur e bifreemmhﬁyumgatroadgﬂcng codes. Based on the results of the channel
measurenent, a determ nation 83 is nade whether a direct conmunication |ink
shoul d be setup. If affirmative, HR-BS 1 assigns 85 a station |ID/ connection
I D (STI Diisbhfy f A% ahNBuiatioe bx &RNELAROMS! Pind HRIMS @Kssaelrawnwtﬂﬁ%ﬁ@ 7 and
HR- M5 9, sets up 87 a security association, and sets up 89 the direct
connect i @8 Ij ad p@fqmmetﬁ PBigVBr 7disodetyR- Rigfedablyy BRBRVICHAIURSAhaiHR- 2 DC

i ndi he HR- f DSA
L1 ansact 1SS Qo SRETSBAISRRYRYs ph BT AR RENE NoegBERESo By ) erent s

the rressaﬁscrmeavm rslﬁgagmfel Pafens LAFRANoIMMNY. €20 N® 1 UIRL-8, valﬁIm ii§ 1s@tiip a
usual while sinultaneously having HR-BS 1 setup a_di rect communj cati on l'i nk

bet ween HfeauErated iy rpfarem;egl #nentiretyi ns doseribrek therebmeandgtaspmaediiat to t he

d f | 95
e Dl RS ol B kSl gl R, SR A B e '
conmmuni caielgmaotsstoppBSIﬁﬂrﬂ tined wewme. T resuladdf the dd&ﬂb’ﬁr alsatﬁhd:rﬁﬂ'tdyﬂ)@ | f

direct communication is not possible betvveen HR-M5 7 and HR-M5 9, HR-BS 1
sends 117ommbnensd melmaored pRuGRS Addiess ffemaaties. (Hhat i (HRMAG #rd  DsA

transacti i tyween

HR- M5 7 a}ﬂgl\ﬁzgl\}égy r‘gb err%%u}ltgt Fgﬁébge%%%&%% ?Ie(r: ?’?g}g%@cgﬁwm cation
i s bei ng feettufed dlimt&nmcéeliéremmamaﬁ\tdlpbr hddiionalynHR-JES Tgnd HR-MS$, t he
process 101 of setting u a di rect comunication |ink comences gnd channel
measur enehiMaydenRIt he-FesHts of & FPeaEve, neighbet Hisgevesy ta @3¢ ARl thender

measur enent can, for exanple, be neasure by enpl oying rangi ng codes. Based
on the results of the channel neasurenent, a determ nation 105 is nade

whet her a direct communi cation |link should be setup. If affirmative, HR-BS
1 assigns 107 a station I D/ connecti ID (STIDC D) for the direct

comuni cation (DC) |ink between HR- 7 and HR-M5 9, sets up 109 a security
associ ation, and sets up 111 the direct connection |link between HR-M5 7 and
HR-M5 9. The existing data comruni cations flow is noved over to the direct
comuni cation link after it has been established and the existing data
cormunl cations flow is del et ed 115. If a di rect cormunl cation |i nk | i s be| i ng

. o NN N O rs] O~ A ~eNN o ~~N " o, - " oy A ~NA v



[0042] To enabl e direct conmunication between HR-M5s, HR-MSs need to carry
out nei ghbor di scovery and channel neasurenent for their direct radio |ink.
Nei ghbor wWpD=20tvE8448and channel neasurenment can be carri @6TSGRRHPGGTH
transmtting and receiving ranging signals between HR-Mss. Dedicated

rangi ng codes and rangi ng channels can be assigned by the serving HR-BS/ RS
for this t i 0, fdna oLhe r t he
peer -t o- psg(gxﬁgraﬁrgl ng' B@?V\n%eggl sa?n?éensggﬁ elg%ggr#ed (gﬁt{ﬂgl nan

oppor t uni dikdoverygprocédlen an HR-MS transmits a dedicated ranging signal, on a
known rangi ng channel, to its serving HR-BS/ RS, other HR-MSs can tune in to
listen and use that for channel neasurenent in the direct HR- M5 |ink.

[ 00441 1 0By MA rRhPbP A meitteR oty Widai@ NS 1 RS Rl of angl Ng
signal, o own rangling c t owar er HR-MS, the sérving

HR- BS/ RS HRFMSlmﬁay haverstbred eddrhﬂtmfounaMramdeiatm@Hﬂumsmntghbmst mEHBpI i nk,

., f t t HR- M5 HR- BS/. RS. 802. 16
net(:a wor kgol%y ‘E?p%grga aﬁéli‘r’lésp jhfernagien 6%%%%%?% of PW‘%LQIS’BF SCQVI4yerss,

i ncl udi ngpméégg mmlﬁaﬁe&é&@%ﬂ%&w&w% dorinshRBtisd HRUGISAEBESS
(OFDVA) and advanced air interface such, there exists a need to

provi de edete@uiiniug whdthee gdiangtored, ad‘dmss armiton @oEspedERRAIRAMS AAIIF

net wor ks. n 802, 16 et wor k ctli entifier

(o by e HRASE o, BOC IR et e S GG Bor RIS ARBS Dt VG 1 wo
or three i whéthsr thBagighborid taBle)stcbdl ofi STROBYAT HstShi¥resstiboraatbgned f or
control nessage schedullng and transm ssion when it joins the network. For

Sac hddgt andicamg thaUHRME HB-MS§< yreapabloofidifechgorgomnicgtiqF b eer ane i s
i Vi t d UL
i vided i orheoanoDh’le?1 nﬁRLi[%%ss 15%3 FRIES ﬁvk&@%r@&e% ?gx%{krgﬁ %5’ M{E'tthé) féaélgﬁl u)f?ann

sub- f rames ar e put Brate ng rnfrormation 1s uel y

identifi est HR-NS Hmomlreﬁoa@hdﬁmcagoﬁ hay ob aapablesf Bding detodted atigRul i ng and
addressing in 802, 16 OFDVA based networks. CID is necessary for control
message i MSntHRiBSH pHordAR-Be schedul i ng and transni ssion of control
messages such as ARQ over a DC |i nk.

[0029] The stored address information, as applied, may generally be network layer
address information such as Internet Protocol (IP) address information. For instance,
in an 802.16 network, when an MS starts a new flow from application layer, the
802.16 media access control (MAC) carrier sense (CS) sub-layer classifies the flow
first. It extracts the source and destination IP address from the data packet. Thus if an
HR-MS knows all its neighbors IP addresses via neighbor discovery, it can determine
whether HR-MS direct communication can be performed or not. Whether such
information is available may depend on the information provided in neighbor
discovery messages. Sometimes the IP address of a neighboring node may not
available. In such cases, a HR-BS or HR-RS should inform the HR-MS of other HR-
MSs's IP addresses since detection may be performed at by the HR-BS/HR-RS.

[0030] The stored address information, as applied, may also be the address that HR-
BS/HR-RS assigned to its associated HR-MSs.

[0031] The feasibility of direct communication can be detected by the HR-RS/HR-
BS, but the HR-BS/HR-RS should maintain a neighboring table at the MAC layer.



[ 0049] There are two enbodi nents provided for the assignnent of the CIDto
a direct comunication link. The first one is to assign one CIDto a DC
link. It wepolzaigdared by two HR-MSs in both directi ons PemSG201n2406067 t
control nessages such as ARQ The second solution is to assign two Cl Ds and
one for each direction. [0050] In case only one CIDis assigned to the

direct co fh%aé$ 8y W:Lﬁ}}gﬁhaéacﬁ enﬁ&»bamesfwg tgulfaee gl §o that

the two kno one s transmt when appear ed in the
schedul i r@r\txecbhdﬂ retlu@t (DBA- RIQ)J&MHI&BSH&@Lthgemfﬂw fibdren theoHRhar e t he

Cl D between two HR-MS, the schedul.e f transm ssion can he |nt
di f f er ent B¥HR-RSafbe soprse ﬁnqiﬁe%eae% @drﬁﬁﬁelssﬁﬁckqda‘l’l‘etha%&‘f’g{

transmt gpasefd g dﬁﬁ)ﬂﬁ%‘s‘ %& ﬁt%@& Lt Y ARINS Jl?éclagc?l f éx%}b*anB ame MAP

and receive according to t i ng |n ormati on speci I'n the other
sub fr anﬂaasédRelBﬂlecﬁ’mddeststmnnbe DSA\AREthys e Exaamde, aompRihEtlehmabided r ansmi t
the ARQ and notifies the HR- M5 via control signaling. [0051] Another

enbodi ment 3ddresses i@ #s prighbgrg tablge oD for each direction. This all ows the

HR-BS to put all transm ssions of control nessages such as ARQ in one sub
frame such as uplink. The HR-BS need to notify the HR-M5 of the two ClDs
assi gned [0032]he TBE hbavk &eadibilgy detedtionRwWaskk el vadied both tHRMSS sw¢ on and

receivin Si. t the t of

oot onmedissaiaed witahe HRRSATE B e GV BBSHISS A8° anblipyartifireredBozy | »
802. 16 AdyaRgRR LA StaliBALL i as AN MRORISEd 3scimed vithl ditfeeh@HRORSS dentifiers
(STIDs), HR-MsSs decode the scheduling and transm ssion based on STIDs. As

di scussedngi HR-M8gnasseciated 30th ars IR M and theother HRAMS oy assopatstvath an be
??\ZI ag_eggglﬁaésg]?lre[)ggpaﬂxep et{l%) ﬁ a"s%%)l;lgn n?a%rsoenl %e% ieQOlqsg'a &géscltegf;l?}gj theq-If{rt?S DC 11 nk,

SM”SSI n over confruni cati on

l'ink int QJ;iOWQe&ilﬁné faadues padRet 806h AHRSMS. f AgrRscrited clbotiz-dvithat Poimnhy
transmt one type of sub franmes. The HR-BS determ nes the assi gnnent and

noti fi es HRBHR- qveal&% offisteqting ihe fepsihiity of dizset poramuRication by gheskingdhe | ng
i nf or mat 's%ﬂbde?\ngld[estiang%fqu}gsls%é&/eeth%%ﬁ%gke?pec' fies the resource is in

UL or n case t are assigned to the DC |ink,
each direction of a DClink is represented by a STID. The HR- BS shoul d

28%% giﬁ&:ﬂ?; ﬁFi(%?b&ridl ngﬁgﬂgfqvémgggg g:scor(l:ggr thgri embo 1rn|e|§t_ I1311Sw %ul d
request for a service flow creation between the first mobile station 7 and the second
mobile station 9 are allocated 17. The allocation 17 request includes sending 23 a
dynamic service add request (DSA-REQ) from the first mobile station to the at least
one base station 1. The DSA-REQ includes address information corresponding to the
first mobile station 7 and address information corresponding to the second mobile
station 9, as heretofore described. The allocation 17 request further includes,
reserving communication and flow identification resources, communicating the
reserved radio resources to the second mobile station 9, sending 25, from the at least
one base station 1 to the second mobile station 9, notification of the dynamic service
add request (DSA-REQ), sending 27, from the second mobile station 9 to the at least
one base station 1, a dynamic service add response (DSA-RSP), sending 29, from the
at least one base station 1 to the second mobile station 9, a dynamic service add
acknowledgment (DSA-ACK), communicating the reserved radio resources to the
first mobile station 7, sending 31, from the at least one base station 1 to the first

mobile station 7, notification of the dynamic service add response (DSA-RSP),



use to transmt and which STID should be used for reception. Each HR-MS
shal |l decode the MAP with the two STID assigned to it and schedul e the
transm sswonromids448cepti on accordi ngly. [0055] Many w r @CESS20120n0067 0gi es
are based on a centralized architecture, where one master/base station
coordi nates the network access of several associated subscriber stations
(sub-staty . i : tealsl : I access
O 115 aceaunk 33 BonARe Pl ch MRS @i RONE M AOnENI A~ E0gane: o2
W MAX netsepri¢e aldohdkamowdedgmehte (DS AMAEIK )anandc cesstoFognthe( ARprvedorafiimat es
channel accesseegf severa{L associ ated stations in a.WFi deploynment (e.g.,
t hrough PETOVECesy ths 16507 Woéﬁ?’lﬁtﬁl% or asynEHZaodSANak| i zed net wor k,

dat a/ control nessages cannot be exchanged between peer sub-stations.

Rat her, all these data/control nessages need to be sent or received through
t he corr 6pd4jdi Ag amdHtstratibasxansplet wisen HRAMS6] wiilte tedirectly tramsmitta datend of

trying to suppor -1 Q- peer . direct i I Qns bet ween sub-stations
17 cent r daebatao ntk RS Rt Hrendia teai ap Ak aft | Qs e Bory PR s ¢ to
and receiwged HRIBSACRQIEShe sérvive floW ERAMEN fldBestiat Rolagvh Qlﬁ’éjre@IISUdag t¢ hr ough
t he master/base station. Wen doing so, certain control/signa

are sti | IHR:M8anfipstiansenatifes 256HERHES & @gaﬂimhaﬁd'vmbs@aéiondﬁque@tl- gigﬁég? Zsages
h I i i i di nat .- is th
cur ront | sFsePo IR0 HREHS Sbte i eBE R BHHE o FRATS 7 BF BT PR S

t echnol 0G¥hedMiff ehd dirdch traféthis§i6ll uhIPHRIMS MRich@y SdratdnmsssiolS)H
communi cate direct lf\: with each other over the air interface. [0057] Another

requi r enéh¢en instified efifsorerviesrerepiign redrest.cEBtMSpR pends 3. bavkjasresponse, g0
operati Ofyph! fch us Lihiqp, a [ r n,jake t ransm t
dat a payﬁ%%gaétﬂgit %E&Ir g{sotnﬁ%l% tt @ E]e?%ﬂﬁ% qrr@ﬁ%%@s%%ﬂ% S{Jeég)t%%%ﬂ?lsqa;seful in
publ i c safypéthroriptionC sighdln FrdpPUSR-NMIS Tal HR;BS rdusitinuad byesshiding- 3 b-thechi ne
control, and even social_networking. [0058] Various enhodi nents address the
above tmie}aé/a@nr?@ﬁm@,HR:MS,M@I%%})EW SERS- agn aFlfr@g*Befg%mﬁﬂs???%m ons
anong a qthg;)S pf peer sub-stations in a centralized network. This

sC

t echnol ogy di scl osure proposes addressi ng schenes that can be use to
efficiently support two-way direct multicast conmunication.

[0035] The flow-id allocated for the direct communication is contained in the direct
service add (DSA) messages, and preferably, once the HR-BS/HR-RS or other HR-
entity (infrastructure entity) assigns a flow-id for direct communication, the assigned
flow-id may be sent to both the source HR-MS and the destination HR-MS with the
DSA-REQ and DSA-RSP. '

[0036] FIG. 4 shows a message flow diagram according to an embodiment, in
which a direct communication service flow between the first mobile station 7 and the
second mobile station 9 are allocated 17. The depicted service flow creation is
particularly useful when the first mobile station 7 and the second mobile station 9 are
associated with different infrastructure entities. In such cases a common
infrastructure entity, can detect the feasibility of HR-MS direct communication. Once
feasibility is detected, the following allocation procedure may used in establishing
direct communication. The allocation 17 includes reserving flow identification,
communicating the flow identification to the second mobile station 9, sending 37 a

dynamic service add request (DSA-REQ) from the at least one base station to the
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[ 0059] The addressing schene for supporting two-way direct conmunications
anong a group of sub-stations conprises: A The base station assigns an

addr ess tWwWOeathi184B- st ati on involving in the two-way di PETISGEOONMNGTat i ons.
A The address assigned by the base station includes two fields, i.e., the
group identifier and the transmtter identifier. The group identifier field

i's share . : - 1L RS - ' ' ou
whi 1ot noeRhgnbbiRCRhGHY, hilip 0P fofh B 3cllfl HOMIC QI SR OLE.

di f f er entonsblasd sthticank, a dyriahc semiceagd casponsei (DSA-BRB),gendipg 4A fitre thase
station allocates 'raesource for data t ansbgi ssion to one or nulti g‘% of the
group merfhdrast (Rneppaseqstaden Ay the serprst pqhily SaUAL R DRANIG SAVYSS ‘ﬁe

address thato NR3RERN MIENIAUE),Y ahenesid ke alskaeat edraud- $idtion(s).

A For the su%-st t1ons, upon receiving thentggr oadcasted al | ocati on nessage,
each sub-id¢mificetiorstoatht ficssmahile statonassidpged ¢ dymsnt serwiceicamgei reqeast and

group identifier to the corresponding.fields.in t ddress conveyed by the
bt oatc as (DS CaRER: Sorbhe ot Eaiit Bata s S e iiEmoblr SEMHR7 cirnaeas

sub- st at i i, kROEsttHatild Batiéd 2@Nhe St QBast BROWaGE stafiot! 4 AGABR depvibd - | f
only the group identifier field matches, the sub-station knows that the

t ransm sgshenge wspmse DSE-RIRosending 45 fomme the af keastfopie|bave stederp Literibers.  The
al | ocat ed. sub-stati 0 roceeds to transmt data to,the r group
rermers. A SAIB: HePoly 3o bV ER o tubat rhdrbRid b 3D ALRS, O
data. [OQRMitdriag theercRbQ¥E radidr Aschaes HYNEFEsedohe Mabige Statibh09 foar reserve
one transmtter identifier field for itself to transmt data/control

i nf or mat isyhchrenizationssignal 42.i ons in the two-way communi cations group. Wen
that is the case, in the above field-mtching process, if a sub-station
detects that its group identifier matches the corresponding field in the
address qO08/AyYeHIGy 3-6shbwosle altdgesmalat@edingao emtirslagents. In particular,

once data flow 51 is established ARQ messages 57 can be sent over the direct
communication channel between HR-MS 9 and HR-MS 7. For example, HR-MS 7
and destination HR-MS 9 may alternate use the direct communication link between
data and ARQ message transmissions. Alternatively HR-BS 1 can help in forwarding
the ARQ messages 53, 55. Thus sending automatic repeat requests (ARQ) messages
may occur either directly between a first mobile station and a second mobile station,
or may occur via a base station. Additional infrastructure entities, such as HR-BS 1,
may be capable of notifying the HR-MSs of the transmission opportunities and radio
resource assignment either via a dedicated control messages or via the schedule IE in

the MAP.

[0038] FIGs. 7-8 show flow diagrams implementing the message flow diagrams of
FIGs. 3-4, according to embodiments. When HR-BS 1 receives s DSA-REQ from
HR-MS 7 and determines that the HR-MS 7 and HR-MS 9 are neighbors, but that a
direct communication link has not yet been setup, HR-BS 1 can take two strategies to
setup direct communication. A first strategy, as discussed with respect to FIG. 3, is to
delay the response to the HR-MS 7 and setup a direct communication link first, and
allowing the HR-MSs to communicate data over the direct communication link. A

second strategy is to setup the flow as usual while simultaneously having HR-BS 1
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while the transmitter identifier field in the conveyed address is the val ue
reserved for the base station, the sub-station proceeds to receive fromthe
base st atworz01100888] For the above addressi ng scheme, WRCIIEGR/ 084062 of t he
address is fixed for all two-way direct communication groups, for different
groups, the sizes of the Goup ldentifier and Transmtter Identifier can be

di fferent | §;l |4 as t.ali Si zes
of the Grshb e B0 BR VRS G M A R M S VRS oy
di rect calamiommiundcatignougyer tto bheodigect t commOMié&jon hinkheftérEEEh8&0) Ded6m 2011
speci ficat g}ggs al l ocation of transm ssion resources to nobile stations
(MB) is pa shgd- CRC maski ng. An allocation nessage broadcasted by 802. 16m
base station does not contain the address of the allocated Ms. Rather, the
broadcasted all ocati on nessage is CRC nasked based on the address of the

al | ocat ed08®]andh particdan FEG ohimplementalitheomessage By wn the firsestrateglytwhedelr ess can

Fesour co HRIBELoPeiardt Shfonce afedtinTisg st abin-REQIRR A MR T A s
const r uctipliaserionl providing £ P&3bnstabl BRAME 7. Dpos rbdiviRg 62fthERS AREQ Maski ng
Prefix (1 bit MSB) Remaining 15 bit LSBs (b0
from HR-MS 7, HR-BS 1 determines 63 whether direction communication is possible
between, for example, HR-MS 7 and HR-MS 9. If direct communication is not
possible between HR-MS 7 and HR-MS 9, HR-BS 1 sends 75 a normal DSX-RVD to
HR-MS 7 and finishes the with a normal DSA transaction 77. If, however, direct
communication is possible between HR-MS 7 and HR-MS9, a determination 65 is
made whether direct communication is being setup. If a direct communication link is
not being set up, the process 79 of setting up a direct communication link commences
and channel measurement between HR-MS 7 and HR-MS 9, is scheduled 81.
Channel measurement can, for example, be measure by employing ranging codes.
Based on the results of the channel measurement, a determination 83 is made whether
a direct communication link should be setup. If affirmative, HR-BS 1 assigns 85 a
station ID/connection ID (STID/CID) for the direct communication (DC) link
between HR-MS 7 and HR-MS 9, sets up 87 a security association, and sets up 89 the
direct connection link between HR-MS 7 and HR-MS 9. A DSX-RVD/DA-RSP with
a DC indication is then sent to HR-MS 7, after which HR-BS 1 performs DSA

transactions 84, 87, 89 with HR-MS 7 and HR-MS 9.

[0040] FIG. 8 implements the message flow in the first strategy where the data flow
is setup as usual while simultaneously having HR-BS 1 setup a direct communication
link between HR-MS 7 and HR-MS 9 and moving the data communications over to
the direct communication link after it has been established. Upon receiving 95 the
DSA-REQ from HR-MS 7, HR-BS 1 determines 97 whether direction communication
is possible between, for example, HR-MS 7 and HR-MS 9. If direct communication
is not possible between HR-MS 7 and HR-MS 9, HR-BS 1 sends 117 a normal DSL-
RVD to HR-MS 7 and finishes the with a normal DSA transaction 77. If, however,

12



Tye Indi cator Maskin: Code 000 12 bit STID or TS111) b001 Refer to

Tabl e 850
WO 2012/118448 PCT/SG2012/000067

direct communication is possible between HR-MS 7 and HR-MS9, a determination 99
is made whether direct communication is being setup. If a direct communication link
is not being set up, the process 101 of setting up a direct communication link
commences and channel measurement between HR-MS 7 and HR-MS 9, is scheduled
103. Channel measurement can, for example, be measure by employing ranging
codes. Based on the results of the channel measurement, a determination 105 is made
whether a direct communication link should be setup. If affirmative, HR-BS 1 assigns
107 a station ID/connection ID (STID/CID) for the direct communication (DC) link
between HR-MS 7 and HR-MS 9, sets up 109 a security association, and sets up 111 '
the direct connection link between HR-MS 7 and HR-MS 9. The existing data
communications flow is moved over to the direct communication link after it has been
established and the existing data communications flow is deleted 115. If a direct
communication link is being set up, a DSX-RVD/DA-RSP with a DC indication is
then sent 121 to HR-MS 7 when HR-BS 1 performs DSA transactions 123, 125, 127
with HR-MS 7 and HR-MS 9.

[0041] To facilitate the scheduling of direct communication link, connection ID
(CID, for 802.16¢) for Station ID (STID for 802.16m) may be assigned for each direct
communication link and use in the MAP for the scheduling. A flag in the scheduling
IE may indicate which should transmit with the assigned slots. It is also possible that
two CIDs/STIDs being assigned to each direct communication link and each of them

represent one direction of the link.

[0042] To enable direct communication between HR-MSs, HR-MSs need to carry
out neighbor discovery and channel measurement for their direct radio link. Neighbor
discovery and channel measurement can be carried out through transmitting and
receiving ranging signals between HR-MSs. Dedicated ranging codes and ranging

channels can be assigned by the serving HR-BS/RS for this peer-to-peer ranging
purpose.

[0043] In another approach, the peer-to-peer ranging between HR-MSs can also be

carried out in an opportunistic way. When an HR-MS transmits a dedicated ranging
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010 Refer to Table 851 Cbi 15 bit RA-ID. The RA-IDis derived fromthe
ANI' S random access attributes (i.e.. superfrane nunber (LSB 5hbits).
frame_i nOWQ 20R2/1BB448) . preanbl e code i ndex for rangi ng oPCBRGR®I290e0s] and
opportunity index for ranging or BR (2 bits)) as defined below. RA-ID =
(LSB 5bits of superframe nunber | frame_index | preanble code index I

opport uni stignail,rbqui(ﬁnown ranging channel, to its serving HR-BS/RS, other HR-MSs can tune

in to listen and use that for channel measurement in the direct HR-MS link.

[0044] In a similar approach, when an HR-MS transmits a dedicated ranging signal,
on known ranging channel, toward another HR-MS, the serving HR-BS/RS can tune
in and use that for channel measurement in the uplink, i.e., from the transmitting HR-

MS toward the HR-BS/RS.

[0045] 802.16 networks may support a variety of physical and/or link interface
layers, including, for example, orthogonal frequency-division multiple access
(OFDMA) and advanced air interface (AAI). As such, there exists a need to provide
effective addressing in, for example, 802.16 ODFMA and AAI networks.

[0046] In 802.16 OFDMA based networks, Connection Identifier (CID) is used for
the addressing of control and data flow. For each MS, two or three control CIDs,
Basic, primary and secondary CIDs, are assigned for control message scheduling and

transmission when it joins the network. For each data flow, a unique CID is assigned.

[0047] An 802.16 OFDMA frame is divided into DL and UL sub frames. The
scheduling information for DL and UL sub-frames are put into separate MAPs.

Scheduling information is uniquely identified by CID.

[0048] Considering the characteristics of scheduling and addressing in 802.16
OFDMA based networks. CID is necessary for control message identification and the

scheduling and transmission of control messages such as ARQ over a DC link.

[0049] There are two embodiments provided for the assignment of the CID to a
direct communication link. The first one is to assign one CID to a DC link. It may be
shared by two HR-MSs in both directions when transmit control messages such as

ARQ. The second solution is to assign two CIDs and one for each direction.
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[0064] It should al so be noted that | EEE 802. 16m speci fi cati ons does not
support direct conmmuni cations between peer MSs and al so does not support
two-way rWDL20pads448per ati on. [0065] Various enbodi nent s PEmIS&ACE/00ed7 essi ng
mechani smthat allows 802.16n standard (based on 802.16n) to support
two-way direct conmunications anong a group of 16n HR-MS. This enhanced
addr ess| MgosHCNANLATORY) drpverr AgsdpRiaag el ARIE LoMAAnRRAYPInCARKLE ! |V,

t he addr s g mac ani or supporting two-way direct communi cations anmong
a group ahedh@risthbhasHs b5 desipped s@ shat Ahd hwobldAREMSt &inbenwaghi ges stoul® - bi t

Two-Way Direct Milticast (TV\DI\I/) addyess to.each HR-MS of a -way direct
comuni céfqné‘ﬁ“gWB?}b theeé@ﬂ appegrgthapy t e&HH’I‘%égﬂ‘? nc§- JH%?II/\‘A%“\A&A,}@

non- over | i t ki Wo- vvay
Tr anam t SRR bF & amel 15, shald e DB AN el A R I Ao o7,

each two tmymcbsroaccan be pnuntocchfﬁemnt spbafivam sy EadeHRM Schiah fuse emd subdirangié f f er ent
groups. Al . beIo g to.t way..di rect . communi cati on group
shar e thé‘“gdﬁé #érglsmﬁ] B %ﬁhe"?‘ﬁ Hgf%E’V\ﬁglF 3%61”?1&‘? Flatiys E AW oup can
be the sayRpofnidietdi®s 80ordiflg FOthetRRBIING 1ﬂﬁﬂrngilélﬁ§ﬁecmrih&@fﬂepgutgr oup,
the base station can reserve one value of TTID for itself. For exanple,

thi s can framarHRIBS GaT He®rhiiel orbwthich subt- ﬁem?t"laln[ﬂBPMSsehOUid) trepsmiTHke base
station % D to trans data/ control nessages to-the
HR- VS be|‘§§§|aﬂgnf’ﬁ??%t ?’&%%y’ad’f’?té%lt %’8 ni cation group. A The base
station informs all menbers of each two-way direct communication group of
all the values of TTIDs that have been assigned to the nenber of the group;

i ncl udi nd00hld T#npthee smbodimepy ist thauspadwe GFDst P CIP fosepch daregtyprp Thys
d f
e e a6 BRebEE T 1 olRlfs SPcAA A RAaE P aTHRRE L bhEL S°t ©

shoul d be;ubﬂftﬁtﬁeeshclwasn@lmk ke Wﬁ{m medrtolmﬂgtmdnﬁmmwmeohmecms
comuni cation group. A For each broadcasted transnis on resour ce

al | ocat i sighedeto tixp DU dinkaand lgirsach HR\MP knomtsr (P o6 tEansmission ek base
station efgmlaxg $ih& RN Gre 39%% eh@s bl GRE ilﬁﬂ‘%é?&@n}deﬁt f | ocat ed

HR-M5 within a“particular two-way direct conmuni catl oAs group e 1-bit
Maski ng REIEf fox trassnsiedion and)receptlons are reversed.

[0052] In 802.16 Advanced Air Interface (AAI) based networks with station
Identifiers (STIDs), HR-MSs decode the scheduling and transmission based on
STIDs. As discussed with regards to 802.16 OFDMA networks, one or two STIDs can
be assigned to the DC link. '

[0053] In case an STID is assigned to the DC link, the HR-BS has to separate the
transmission over the direct communication link into two sub frames, DL and UL sub
frames. Each HR-MS can only transmit one type of sub frames. The HR-BS
determines  the assignment and notifies the HR-MS on which sub frame it can
transmits. The scheduling information is put into the relative MAP and specifies the

resource is in UL or DL sub frame.

[0054] In case two STIDs are assigned to the DC link, each direction of a DC link
is represented by a STID. The HR-BS should notify each HR-MS regarding the two
STIDs. Further, the HR-BS should communicate which STID each HR-MS should
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The 3-bit Type Indicator is set to a value that is distinct fromthose that
have al ready been used in the above table, i.e., different from 000, 001,
010. Thi swoearglisde Type | ndicator can be set to a val u@CriscGaeriweea’ 011 -
111. This chosen val ue shall be used in all CRC masking for all two-way

di rect communi cation groups. For exanple, the Type Indicator can be fixed
at 011. rf‘a%.hi - i of at is
al | ocat edigtg ﬁ%t rangrﬁ{}1 gs‘%glﬁnr‘&’e@(]))ﬁ%lgoélfldﬁe}\éwgglgﬁkgé%gdggg?g{ rlﬁg%/ggélge

al | ocat i alecodzstha AP eaidhthidRwWHS TIBI asmgnedjtd 0 aad paretdiuleithetrabsmissionry andd r ect
communi cati on group,can carry out the unmaski ng operation as follows: For
each TTI BeFsRtPRAcIO5dBEYl e Transmitter Set of the group, the HR MS conbi nes
that TTIDwith the group T@D to get a 12-bit field that can be conbi ned
with the 1-bit Masking Prefix (equal to 0) and 3-bit Type Indicator (in the
sane or dg05yec Mangdwvireledshtectalobogiest @b lbajedt on  @entraiztg-dochiteGRee, vdeke Based
on the above 16-bjt CRC.mask, the HR-M5 try to unmask the broadcasted
resour ce %QC| Grastey/Basenstalgy geoor ﬂ%teﬁnthﬁsﬂ?t%ﬂbﬁé?‘?ﬁi 8h €VEps WA the HR- MBS

has triedygldribd IsBiohd (Edlﬁstﬁ?cﬁx%?.bbﬁe TEARPE $6 viHnSEetbadt Lt sameRssful ly
unmaski ng or when it successfully unmask with a particular TTID, say TTID .
Based on dhhenebateassref ith assohiatadravhsdcibeymopie atations wnal cellularmetwertkcaress, t he

HR- M5 concl t hat . the current transm ssion, resoyrc | J ocat i.on i s not
For "the. pPASmE e ADaf G Satrel Sitien it P egy Loit P SFBR b peat ¢ he
overal | WhARSK 2068es9 RET @Y éraD ads0tiaRldhitidndOn Ve Wil Ideploym@ANNE.C &irb@gls gr oups
it belongs to; note that an HR-M5S can be a nenber of multiple two-way

di rect cdimminCecrdingtien frotiins). In| such ecantilizid rRiWope datd/ atrobgiages n a
successf ul k using,TIlL.D* en. | f. I i e i d to the
v ] ot Be Sotiidla MiReal Ve dob-sidiohd) Ranlel Bt k! depalaipey ¢ 9 Hie

i's the TThédsags aeat@d HeGentt digedbinaed thioakh € cokrlespdrBingnadiaHaspstetiar.e to
receive fromthe base station; iii) If the TTID* does not belong to the
HR-MS itself or to the base station, the HR-MS shall prepare to receive

from one Bhsdit S Thek! o 81 nSRBRY ot LOARP) 10" SupstPChichlio 83 difect e above

addr essi chanrsm en on al wa in“transm ssion
resour ce cahinnoddations Heheednr ach-ttatiors ioneatmalyzeduhétivodst TBpermecdnsntwmy be
l;_sgidi _ To s%alili%lralg rczln %ﬂgalyaprar?sj?nel{ %; Iar?c&~I ’rectepv% %rgnqgéagh %fthetr,hfe.:r-vl;litEogtat?lebcgital Imt to
payload going through the master/base station. When doing so, certain
control/signaling messages are still exchanged between the base station and sub-
station to ensure channel access is carried out in a coordinated manner. One example
is the currently being developed 802.16n standard for higher reliability WiMAX
technology, where it is required that two mobile stations (MS) can communicate

directly with each other over the air interface.

[0057] Another requirement is to support two-way multicast operation. This is the
operation in which user within a multicast group can take turn to transmit data
payload to the rest of the group members. Such operation is useful in public safety
applications (Push to Talk), industrial machine-to-machine control, and even social

networking.

[0058] Various embodiments address the above two requirements, i.e., to support

two-way direct communications among a group of peer sub-stations in a centralized
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[ 0067] As a special case of the above addressing nechanism wthin a
two-way direct communication group, nultiple HR-MSs can be scheduled to
transmt WO 2011184/ transni ssion resource (in time andPCTEGAEN®Y)067 Those
si nul t aneously schedul ed HR-MSs share the same TTID. [0068] In | EEE

802. 16- 2009 specifications, allocation of transm ssion resources to nobile
stations i i i ks tion
bet ween t'f?w%gs?}@fgﬁ% %ﬂgﬁ@gg%ﬁg@ ogfsg dldgéﬁglh Sésm gﬁgﬁ%ﬁf%qﬁ??&ﬂ D. In
each br oadfiasiitbdsuppen swo-swiyalirecemolticas caimmidation nessage, the CI D of the
particul ar connection (and corresponding to a particular M5) is explicitly
specified. [0069] Various enbodi nents introduce an enhanced addressi ng
mechani s t pport
s il el R R A S e i SR
enhanced mctdrgesgbmgoﬁmbmmmbmpﬁm t he descri bed approach. Specifically,

our addressing_nechani smfor tin direct om"ru catl ons anong
a group of Qogr heghaseiRiafien AsTignS; EE’e%‘{ dres qeﬂ’?\l\qb\é@e/s@f% V‘éfﬂ PEINRE TR0 5 pj ¢
CID to each H%%‘ﬁhﬁ%‘ct Borh MR adordi rect comuni cations group. The Cl Ds

r

assigned to different HR-Mss bel onging to the same group can be the same or
different. A The dbisess satsa’glilednbscdw ldss station anélydesntavoCfi€lds,ore. i theegréun o

multicast to all - be ongi. n ticular,t di rect

comuni cat i on ﬂ?rBERr %&tgféﬁtgﬁpaﬁ?&rﬂ@ erﬁﬁ@r\%}%ﬁi 5 PR ¢t wo- way
direct comunig@atean SGB-@t&BOﬁ’J il thet BRo-Wals chitunitaMend eesupAseiinese t o t he
menbers of the group; including the CID reserved by the base statjon, if
such a CID is trassmittesddentifies efield siag rhedthe) same or rﬁlﬁg@@t ol diglgrampsybbl e
Transmtter nication group; The Possible
Transmitter Se%at :"%nq%\aé@g%UPHR M5 join or |eave the two-ay
direct comuniTtibaes stgﬁ@;uallooateEQésoaﬁserfobwadmﬁhe@ioﬁ t@BAETbSMiultfpl¢ 8H0Ur Ce
allocation, i.e., DL-MAP_ Information Elenent, or UL-MAP | nformation

El enent , the Bb%@%&Pa@lﬁ@he@d%’cbﬁoﬁ%mﬂ%a@laﬂoﬁﬁmpﬁ@“&%f‘o@’éi sonvigws thy s) . A
For each br oa elonging to a
parti cul ar tm%%&i%%?&aﬁ%a?ﬁ&é%%%k{uc é‘%‘%ﬁﬁ%@ cﬂ%ﬂ%ﬁ%%@fb@ fhe CIDin the
resource al IAodairltMSumsmtims, apon @b@vmg thdrbrordeasted| ablodatammsmedsagr, e&elt :

D

Bns) Fp L Rlies

sub-station shall compare its assigned transmitter identifier and group

identifier to the corresponding fields in the address conveyed by the

broadcasted allocation message:

o If both of the fields match, the sub-station knows that the transmission
resource is allocated to it. | '

o If only the group identifier field matches, the sub-station knows that the
transmission resource is allocated to one of its fellow group members.

o The allocated sub-station proceeds to transmit data to the rest of the group
members and the other group members proceed to receive the transmitted

data.

[0060] For the above addressing scheme, the base station can reserve one
transmitter identifier field for itself to transmit data/control information to all sub-
stations in the two-way communications group. When that is the case, in the above
field-matching process, if a sub-station detects that its group identifier matches the

corresponding field in the address conveyed by the broadcasted allocation message
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The CI D checking stops when the HR-MS has tried all CIDs in the Possible
Transm ssion Set without matching or when it find that there is a match for
a particuwvanoiig448ay Cl D*. Base on the outcone: |f thePCIBGIei20hi0dy ends
wi t hout success, the HR-M5 concludes that the current transm ssion resource
allocation is not for the particular two-way direct comunication group, it

shoul d r t glongs
PR G e R R T L Gk B R s Tob
Cl D* t henthe bjselstatioh[Fheissb-stagoiChiocesisitg neediviedrant thetiirsédBatiort. shal | proceed to
transmt on the allocated resource; ii) If CID* is the CID reserved for the

base station, the HR-MS shall prepare to receive fromthe base station;

bii) If t[{(b@g g Di:o{j%sa%% aBELNE {DeRewhife 'f@ di3S6f fhe Uddfels ishﬁxéaat%?

station, HR- VB shall prepare to receive fromone of Its fellow group
menbers. al] 0@/@hy BoecttcomnitiidadBen gooups,afios differ¢m gangpsy the sizesof the rGreap: h ot her,

synchroni ation be .achi evq e dinen scri be cesses of
ot a1 i BEAER Hl dBR G b et e R RES RIBHY b rens Grotbip:
comuni cadehi kS heabfact!spesidfl @ GRfup/Trinlif¥e dentifib@ Ferds ¢! each
synchroni zation allows HR-Mss to share a common understanding of frane

tim ng arphroowdrityorwty direct corBpuhichtidnegrelip gyhelmgotn. zat i on al | ows
transm ssions between HR-MSs to be received within an appropriate reception
t hr eshol d.

[0062] In the IEEE 802.16m-2011 specifications, allocation of transmission
resources to mobile stations (MS) is based on CRC masking. An allocation message
broadcasted by 802.16m base station does not contain the address of the allocated MS.
Rather, the broadcasted allocation message is CRC masked based on the address of
the allocated MS and therefore only the allocated MS with the right address can
unmask and read the allocation details. In 802.16m, each broadcasted resource

allocation message is masked by a 16-bit CRC mask, which is constructed as follows:

[0063]

Table 849 — Description of CRC Mask

Masking Prefix (1 bit | Remaining 15 bit LSBs

MSB)

0b0 Type Indicator Masking Code
0b000 12 bit STID or TSTID
0b001 Refer to Table 850

. 0b010 Refer to Table 851

0bl 15 bit RA-ID: The RA-ID is derived from the AMS' random access
attributes
(i.e.. superframe number (LSB Sbits). frame_index (2 bits). preamble
code index
for ranging or BR (6 bits) and opportunity index for ranging or BR (2
bits)) as
defined below:
RA-ID = (LSB 5bits of superframe number | frame_index |
preamble code index | opportunity index)
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Synchroni zati on nechani sns are specified for two different use cases as
follows. [0071] When both HR-MSs involving in direct comuni cation or

di rect mwoOi20eéti8e8e within the coverage of HR-BS/ RS, tRETISGRIGHNING7
synchroni zati on nmechani sns are used for HR-M5 direct conmunications
scheduled in the uplink area of a frame: Franme-|evel Synchronization:

When bot mmﬁt a{oﬁkﬁgg B%&aggwqw MIﬁ(sgé%iﬁgﬂio% ds&n.g“ evgﬁérgna' s

froma c serving ey can us ese to ac

f rane- | evditecs yoatmaticatiohs dretwednt ipeere 8xc tind caltch eloe mub nsupPerBSMWdRVRE and
bet ween themsel ves. . Synbol -1 evel Synchronization: Wen the HR- M5/ HR- M5
direct |imRlticastoperatioiied in a UL area of a frame, the transmitting HR- MBS
foll ows the same tim ng advance as has been adjusted and agreed with the
serving HR-BS/HR-RS. This neans the transmtting HR-Ms5 shall tinme its

di rect tr[@065ii s3asioss ambodinidhessenhane abiressingUbedhnasenttas nboss BOXd6m t he
servi ng HR- BS/ HR- RS It is the responsibility of the receivi HR- M5 to
26 st i 1endarb{rsc oRiIG. BED g BRPPRANPYRY Oired SrRICHER BoNEe o gnal
transm tf_%glg_}?)éftl'aﬁ RIS 'I‘%s'\@haﬂ_éwsaddk&ﬁn?%é&ta%&t fotRWsDiRe apPioaued by the
serving S/'HR-RS schedul ing the HR-MSs To transmt ranging Sequences to
each ot hetescrit@deabovyn. aSpestfaallpdther aididssing seephenism, fansupPotBg clavo- ‘G,‘EXI mat e

and corr e(ﬁrec{ go%nr“n%%at%rfsSa?r;[on\é\natgrrlogphof 8t0281%§1rp[ﬁ nggoxgll)?ﬁses

A The base station assigns a 12-bit Two-Way Direct Multicast (TWDM) address
to each HR-MS of a two-way direct communication group; each assigned
TWDM address includes two non-overlapping fields, i.e., Two-way Group
Identifier (TGID) and Two-way Transmitter Identifier (TTID). The sizes of
TGID and TTID are fixed for each two-way direct communication group but
can be different for different groups. All HR-MSs belonging to the same two-
way direct communication group share the same TGID. The TTID of the HR-
MSs belonging to the same group can be the same or different.

A For each two-way direct communication group, the base station can reserve
one value of TTID for itself. For example, this can be an all-0 TTID (all bits in
the TTID are set to 0). The base station uses the reserved TTID to transmit
data/control messages to the HR-MS belonging to the two-way direct
communication group.

A The base station informs all members of each two-way direct communication
group of all the values of TTIDs that have been assigned to the member of the
group; including the TTID reserved by the base station, if such a TTID is
reserved. These assigned TTIDs form a so-called Possible Transmitter Set of
the two-way direct communication group. This Possible Transmitter Set
should be updated whenever HR-MS join or leave the two-way direct
communication group.

A For each broadcasted transmission resource "allocation, i.e., 802.16m

Assignment A-MAP Information Element, the base station employs the
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[0072] When one HR-MS is inside of coverage and the other is outside of
coverage of HR-BS/ RS, the follow ng synchroni zati on mechani sns are used for
HR- M5 DC wonewuiedsi n the uplink area of a frame: FramBCliE&G2012/000067
Synchroni zation: - Wien two HR-MSs need to achieve frane-Ievel

synchroni zation and only one of themis wthin the coverage of the serving

HR- BS/ HR- RS, t i NS age: HR- L4 Ii Dl
synchroni zat i otgﬁ(\)/\n‘bp% tege(pfgga%ﬁ%ggﬁgé@/ h% %&k%caﬁggé%%@%%%& ﬁ%l?g? %nd
control nessagastidula@nwbiveaysdireet coanmiESAtiRsBE)up: The i nsi de- of - cover age HR- M5

shal | subsequently broadcast preanbl e(s) and network configuration
i nformati on ( NCI SFX?éTblttMéSI%%&Eﬁegé-lﬁ)?q{g‘i’/é-r age HR-M5 to co-synchroni ze.

Symbol - 1 evel Syn%ﬁé@rﬂizag_)%diﬁéﬁmet {og vRfe k! is Qg Mot &B@métted by

t he insi de-of -coverage e outsi de-of-coverage HR- M5 shal dj ust
its timng to rehalevarandg dage ssdd anthel abbeel tdblgmet, hifferest Gero00E Ay age

HR-MS. To further nprove synchronization in this direction, t
ot de- of - cover Bk TREBERIINE ARG HacarSligh fG 561 Ganratcmdev et 1 -

out si de- of - cover age Tk MRse® vhilakhdiNbe uSd@ APOREShAIRIELIRRM GRLWSFL i tS
time/frequency offsets. Synbol-1level synchronization in the opposite

direction, i.e., directmonimeurdcatondgroups. coreexagwloftheiRlyye Indigatad danebe
i nsi de- of -covera eﬁ‘lg_«:%-dYS shal | be achi eved by the outside-of-coverage HR- M5
transmtting rangf‘ Asi'gnal toward the inside-of-coverage HR-MS. Upon

processing the r gREIr¥@GiniEN Y2 NGtsShre Nk , TWIDEMI ARl éks - o¥f the OMRIMIGEtHAR{ME can
either adjust its own receive timng or request the outside-of-coverage

HR- M5 to adj ust gliecateddhetransmissignigsourf®073] Anot her inportant operation is

hybri d ARQ ' a ver.th - [ £/8C jcation |ink
t hrough an é\mn@c?gl?ﬁélnﬁrogg%agtéﬁgg%%g%l aﬁlg\%t.mn ﬁ%@g} %I?[-%\Aas‘tc %M}éﬁgor ocess hy
transmtting a gadiAg& tgpnent difechAbininonicatidhgionp chm edrely 0l the aaimbdkig A- MAP | E
Type" set to "0000". The Direct Link Assignnment A-MAP IE is CRC masked
usi ng the TWpePsHHeaasfdlowshe transmitting HR-MS. Both transnitting and

receiving HR NS pp éacﬂgrﬂﬁl {31 fh%%@&iﬁﬁ”h%ﬁs&f?ﬂé? tsﬁﬂ(g&%@%@{bg%ﬂ@'ﬁ- re to

transmt/receive accordi ngly. on recelvin nment A- MAP | E,
t he HR- M5 schedutadbihes thiat AR HImtithi thg gedupl TGHA ke pétat E2-bitdietd thas oansisd on

timng based on E:grgbi%gge wiﬁp?}?ei f1 i-b%? tl\;la(t)sﬂinignP}e%l)E(E(e%ge%' %06 2a(1)12113-bit Type
Indicator (in the same order specified in the above table) to form a 16-bit
CRC mask.

o Based on the above 16-bit CRC mask, the HR-MS try to unmask the
broadcasted resource allocation message.

o The unmasking operation stops when the HR-MS has tried all TTIDs in
the Possible Transmission Set without successfully unmasking or when it
successfully unmask with a particular TTID, say TTID*. Based on the
outcome:
= If the unmasking operation end without success, the HR-MS concludes

that the current transmission resource allocation is not for the particular
two-way direct communication group, it should repeat the overall
unmasking operation for other two-way direct communications groups
it belongs to; note that an HR-MS can be a member of multiple two-

way direct communications groups.
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After receiving the DC Assignnent A-MAP IE, the HR-MS schedul ed for
receiving shall attenpt to receive subsequent transm ssion fromthe
transm t tWOQOHRI8MBS | f the decoding is successful, the PETSCAHNGMRT NS
sends an ACK toward HRBS/RS in the next frame, in the HARQ feedback channel
specified by the field "HFA UL" in the DC Assignnent A-MAP |E. O herw se,

i f the decoding fai qaTh (VA - Sﬁgg BS/ RS.
Based on the feedbalck:%efromsgﬁg%ké%g?%%wﬁg- ,é%sggﬂ %@s‘%@?ﬁ%rry out
one of the foll ow niemd}) IfORED* is Ithie THED hestghed aé the HR-MiSe itrshalk ipwiceed HR- MS i s
an ACK: HR-BS/ RS sends an,  ACK in the DL HARQ.fe kK channel specjfied by
the field "HFA DL" tPirapsait 8% ﬁmcafséri@g{cgh%ﬁﬁdﬁﬁ%ﬁheé D gepbrye

f eedback fromthe r A d\@}é R2 : : - HEEK in the
DL HARQ f eedback chfgﬁﬁié?ﬂaggé%ﬁre ¢ y ?ﬁgﬁﬂi&rﬁﬁﬁ@i&%ﬁg?ﬁﬁ%% original DC
Assi gnment A- VAP | EstatibneiihifRf 88 T} *siviee dod leeleng tetthe lR¥VES itsuhf drtoskndi ng
Toget her i & h senditie RERTRRKHRONS el BESPhER o drechity BN PLHS Ao new DC
Assi gnment A- VAP | mbR8Bsr eceiving ACK fromthe HR-BS/RS, if there is

oup
no new DC Assi gnnen A?—NAP 'E fromHR-BS/RS while the resource allocation
in the original DC Assignnent A-MAP IE still applies to the next frane, the

transmtti and recei.ving HR-MSs proceed. with.a new HA tte VWhet her
or "ot ¢ HUOBESG (s GPRTIHEE PICAPPT ST MEnF P HE: S8 PPARE | LD

det er m ngg afiyayk hBed irPtrahsniibbidieresOircy allbchtibh 2ile &f'aditibnhh@n@wb% infaicdsC
Assignnment A-MAP I E. - Upon receiving NACK fromHR-BS, if there is no new
DC Assi groperatiopmgarbe wsefly bensupporHreRsnperatinn, thedengtle ef tiel GEE ¢ambe n t he
ori gi nal IPq ,{Aqs_'}s:zg%grrent A-MAP I E still applies to the next frames, the
transrn'ttlnﬁ(f; - proceeds to re-transmt the HARQ subpacket in the
allocated resource. - If there is a new DC Assignnent A-MAP IE fromthe

HR-BS, the new assignnment |IE shall supersede the_ original DC Assignhment
A- MAP | E [89@F]t hAsta sresial casengf Hhegaboxe exddresyngmoqobanisiia Mithitop |tWR-WHe new

al I ocati Qﬁ're@f:g&ﬁrqhﬁ'lgéﬁ'on group, multiple HR-MSs can be scheduled to transmit on the

same transmission resource (in time and frequency). Those simultaneously scheduled

HR-MSs share the same TTID.

[0068] In IEEE 802.16-2009 specifications, allocation of transmission resources to
mobile stations (MS) is based on Connection Identifiers (CID). Each connection
between the base station and a mobile station is assigned a 16-bit CID. In each
broadcasted transmission resource allocation message, the CID of the particular

connection (and corresponding to a particular MS) is explicitly specified.

[0069] Various embodiments introduce an enhanced addressing mechanism that
allows 802.16n standard (based on 802.16-2009) to support two-way direct
communications among a group of 16n MS (called HR-MS). This enhanced
addressing mechanism follows the described approach. Specifically, our addressing
mechanism for supporting two-way direct communications among a group of §02.16n

HR-MS comprises:
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Table 1 describes the fields in a Direct Conmunication (DC) Assignnent
A-MAP | E used for resource assignnent to the direct link between two HR- MSs
i nvol vi ngvoroBg1888t rol | ed HR- M5 direct conmuni cati ons. PDUSA2&2@00eht A- MAP
|E is CRC masked with the Type Indicator set to Gh011l. This value of Type

| ndi cator distinguishes DC Assignment A-MAP IE from DL/ UL assi gnrrent S.

Table 1. D E@Cf‘hel ;{};E‘é ?)ﬂtds §n§ E9e- ﬁ%%l@nﬁe%hﬂﬁkﬂ‘}ﬁs'ﬁ d JL&%fa M&hrect

Synt axSi zeNot es Conmuni cati on 1 Assi gnnment P TE Direct
Li nk A- MAP | E cohypeuniddfiehs gmufhThe CIDs assegifell Se ddrérs R Mg8s bdongmpm e burst
size ndex the same group can be the same or different.

A The base station can also specify one CID for itself to multicast to all HR-MSs
belonging to a particular two-way direct communication group.

A The base station informs all members of each two-way direct communication
group of all the CIDs that have been assigned to the members of the group;
including the CID reserved by the base station, if such a CID is reserved.
These assigned CIDs form a so-called Possible Transmitter Set of the two-way
direct communication group; The Possible Transmitter Set shall be updated
whenever an HR-MS join or leave the two-ay direct communication group.

A For each broadcasted transmission resource allocation, i.e., DL-MAP
Information Element, or UL-MAP Information Element, the base station
specified the CID of the allocated HR-MS(s).

A For each broadcasted resource allocation message, each HR-MS belonging to
a particular two-way direct communication group shall check if the CID in the
resource allocation matches any CID in the Possible Transmitter Set:

o The CID checking stops when the HR-MS has tried all CIDs in the

Possible Transmission Set without matching or when it find that there is a

match for a particular CID, say CID*. Base on the outcome:

» If the CID matching ends without success, the HR-MS concludes that
the current transmission resource allocation is not for the particular
two-way direct communication group, it should repeat the overall
matching operation for other groups it belongs to.

« If the CID matching operation results in a successful matching with
CID* then: i) If CID* is the CID assigned to the HR-MS, it shall
proceed to transmit on the allocated resource; ii) If CID* is the CID
reserved for the base station, the HR-MS shall prepare to receive from
the base station; iii) If the CID* does not belong to the HR-MS itself or
to the base station, the HR-MS shall prepare to receive from one of its

fellow group members.
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[0070] For two HR-MSs to transmit to and receive from each other,
synchronization much be achieved. Various embodiments describe processes of
maintaining synchronization between two HR-MSs involving in direct

communication, which are classified into two levels:

— Frame-level synchronization allows HR-MSs to share a common understanding

of frame timing and configuration.

— Symbol-level synchronization allows transmissions between HR-MSs to be

received within an appropriate reception threshold.

Synchronization mechanisms are specified for two different use cases as follows.

[0071] When both HR-MSs involving in direct communication or direct multicast
are within the coverage of HR-BS/RS, the following synchronization mechanisms are
used for HR-MS direct communications scheduled in the uplink area of a frame:

e Frame-level Synchronization:

- When both HR-MSs are able to receive preamble(s) and DL control signals
from a common serving HR-BS/HR-RS, they can use these to achieve frame-level
synchronization, with respect to the common HR-BS/HR-RS and between

themselves.
e Symbol-level Synchronization:

- When the HR-MS/HR-MS direct link is scheduled in a UL area of a frame, the
transmitting HR-MS follows the same timing advance as has been adjusted and
‘agreed with the serving HR-BS/HR-RS. This means the transmitting HR-MS shall
time its direct transmissions as if these are normal UL transmissions toward the

serving HR-BS/HR-RS.

- It is the responsibility of the receiving HR-MS to adjust its receive timing to
match the time of arrival (TOA) of the signal transmitted by the other HR-MS.
This time adjustment can be achieved by the serving HR-BS/HR-RS scheduling

the HR-MSs to transmit ranging sequences to each other. Based on a received
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512 FFT size: O in first 2 MSB bits + 9 bits for resource index 11024 FFT
size: 11 bits for resource index | 2048 FFT size: 11 bits for resource
i ndex ReswOrer/i18d8x i ncl udes | ocation and | all ocati onPSTA626RAPN6Feedback
Al l ocation in the DL 31HARQ Feedback Allocation in the UL 4HARQ channel
i dentifier

ranging sequence, an HR-MS can estimate and correct its time offset with the

transmitting HR-MS.

[0072] When one HR-MS is inside of coverage and the other is outside of coverage
of HR-BS/RS, the following synchronization mechanisms are used fori HR-MS DC
scheduled in the uplink area of a frame:

e Frame-level Synchronization:

- When two HR-MSs need to achieve frame-level synchronization and only one
of them is within the coverage of the serving HR-BS/HR-RS, the inside-of-
coverage HR-MS shall first acquires DL synchronization with the serving HR-
BS/HR-RS (based on preamble(s) and control messages from the serving HR-
BS/HR-RS). The inside-of-coverage HR-MS shall subsequently broadcast
preamble(s) and network configuration information (NCI) for the outside-of-

coverage HR-MS to co-synchronize.

e Symbol-level Synchronization:

- Using the preambles and NCI transmitted by the inside-of-coverage HR-MS,
the outside-of-coverage HR-MS shall adjust its timing to Vreceive messages
transmitted from the inside-of-coverage HR-MS. To further improve
synchronization in this direction, the inside-of-coverage HR-MS can transmit
ranging signal toward the outside-of-coverage HR-MS so that this node can
estimate and correct its time/frequency offsets. Symbol-level synchronization in
‘the opposite direction, i.e., from the outside-of-coverage of HR-MS toward the
inside-of-coverage HR-MS shall be achieved by the outside-of-coverage HR-MS
transmifting ranging signal toward the inside-of-coverage HR-MS. Upon
processing the received ranging signal, the inside-of-coverage HR-MS can either
adjust its own receive timing or request the outside-of-coverage HR-MS to adjust

the transmit timing.
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1HARQ i dentifier sequence nunber 51 Nunmber of franmes that this allocation
applies to; when equal Ob0000, indicate the de-allocation of the defined

resour ce.Wp 28I¢1188Re t he size equal 40 bits [0074] Thu®CI/SGRHI2I08008T at i on
for performng direct nobile-to-nobile communication in a cellular nobile
communi cation system the cellular nobile comunication system conprising

| stem ¢ h v mobi | e comuni p
Commun o o conaier MEROAER cBBRuh SPHTPHY AR, AnOFLHPRE stiforRiibed; 29 7

| east onah®BFBEMS ditdcd Boramuhivati@ohinkithr@ahi apreniteidwoent descritey beidowas. ovi ded. The
nobil e station includes a transceiver configured to perform comunication
with ot her HRIBRBARStmtiatenshe prodedselsy tananitdingyared AssignaidnorArMweP dBbor

di scovery, report the results of the neighbor discovery to aother stations,
record t iith i dields “Pirgch IH‘?L ‘ﬁ&”éﬁb& Dfd’ipg(tzlé%ﬂ/ 5‘?9905& ﬁée Aftect LdMs i tt ed
address | %1?%3 ' : (asal j

f easi bi | i[?{/S 0 ??&%A@;gtmkguggga%i;%ﬁ& f‘?1 gl?égﬁé;Fven ﬁgﬁﬁefﬂgiﬁgﬁagﬁ?;% a

synchr oni HR+M8 o Bootlg traesnitting ynd hrecmving BRIMBkwilk tbeeahie tth erecugniizectlss at i on

and another npbile station. The, synchronizer nay be configured to transmt
and receiZglécqt%‘gﬁnﬁQ’rm@.tmﬁﬁ‘é‘"@%éﬁ%ﬁ?@&glhy be configured to transmit

and receive nchrani zi reanbl es. 0 ELG.,, 9 a,flqw di agram
accor di ng t!ﬁ’é’ﬁ TERBOGE tBCIe SB‘&P’E‘H"%{J&W% Ihetth%ﬁ}?% p%?PF%Lﬁ?ﬁ (r:%lﬁr
conmuni catdnittifg Shalldilduat@ threPmsMEIvRAtminE Ghstdash thbisihekpeeim@tiddin a first
nobil e station into ad-hoc node, discovering 133 whether ‘a suitable

exi sting IHEER®Z. 1684V k is within range of the first nobile station,
joining 135 the first nobile station to an ad-hoc network by having the

first nodt | Af§E gecedving oihg Phe Assisampite AcMAR iIRg thel-HRM etcheduled fopy

desi gnating.t. ' I | ' ' L, ] hoc

et vior K, "B S e 1o glle AR bR e PufmBiedRITE

first nolvBelfshadeadingsisrgctdssful dhd oeivirig\HRKM STead< oo AWK advodrd riR-

generally_be a device with sim|ar functionality as_a Ease frsﬁt at“igg:n. Thus an
PR e eld nBiher

HR- VB nmayBYBSdasamRet rmge ity he HAHYRdPsdack etmpeimpeaiirdh: HR- VB
Wi thout g pupRfe DA séiBkicht a6 MIES TE | OfErkiSe, Pk ietodifs Alils, et QWving

HR-MS sends an NACK toward HR-BS/RS.

e Based on the feedback from the receiving HR-MS, the HR-BSs shall carry out one

of the following actions:
- If the feedback from the receiving HR-MS is an ACK: HR-BS/RS sends an
ACK in the DL HARQ feedback channel specified by the field “HFA DL” in the
original DC Assignment A-MAP IE.
- If the feedback from the receiving HR-MS is.an NACK: HR-BS/RS sends an
NACK in the DL HARQ feedback channel specified by the field “HFA DL” in the
‘original DC Assignment A-MAP IE. The HR-BS may schedule a retransmission
by sending another Direct Link Assignment A-MAP IE with the same ACID and
AI-SN.

e Together with sending ACK/NACK, the HR-BS may or may not transmit a new
DC Assignment A-MAP IE.
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[0076] FIG 10 shows a state transition diagram according to an enbodi nent.
Wth existing 802.16 networks, for a M5 to communicate with other Mss it
must firswoR0di18d448ase stati on and then associ ate to t h@CRSGRONK00087 t er
net wor k associ ati on, the M5 can comruni cate to ot her nodes on the network.
However, for HR-MSs in 802.16n networks, HR-MSs are all owed to comruni cate

to each ot her w . SO6I at | a S-ﬁ}ggllg Lderd j ence of
communi cati on %@Q@?&d}z&@%@ﬁ%gﬁ %ﬁa%%/lﬁgl?z S ﬁ?mqu‘kz‘w%%ﬁnﬁsé ee%{
cat egori zed ALMIAP [BfromddR;BSRSeWilanhé mésoasker allvicatien i dee ariginah Did- hoc

node. HR-MSs can only be in one or the t nodes at one tinme. [0077] For MS
to MB di r ecASHEHREM; %Mﬁ@n“@\ﬁspﬂoﬁﬁphﬁs é@.ﬁggrwh AP e G HRRFRLH

di scover HRERidg) HRIRISs Blobbdl Wil w3 ROMIKESEWRERY b fBRgpanot her
once they have setup a network anong thenselves 1n certain area. Therefore,
an HR-M5 caresberce nllatatiomastill tappliest tit €%, nextdframe\ierdetesmaied byl tharfotld

communi cation state 14

0 - In addition, -MBs can al s inally be in an
ad- hoc i nit 1 QPm ‘é‘tqfd’ﬁhgéaalegt% Fﬂﬂg@fﬂaﬁ f}%%tg&%?atﬁ&‘w I n di scovery

state 141, an HR-MNS atte fi i or .nodes b i\ther listening to
the channel “orRTarerYIE Mg ke SomBE-BE HABRE L BoaRy DO OSPE B EASal 1 by
ot her HR- MSRIAPN fEEfroad thi-R-BS nehd  tHeh dsolide Mifocatich fifr ihe arigigdwpyck, it can
comuni cate with the nodes in the network in conmunication state 143.

[0078] I n erissigimentsdMAB IFetilornpdies fteotheorakt diagiesyibie yrangmithieg PRobss of M
or RS di Scovr%rcleer(]i%.tg e-ggnsﬁ??t théfﬁﬁ(@%}l@ﬂck%ﬂﬁ%ﬂ%ﬂforc%& %s%ﬁ reanbl es and

necessary system i nfornati on peri S AT TS0 that MS can det ect
their existenge T8k GedeHIS WQASnh ANt RAVAP KE SRIth Yth€ THRBHIOKE Mmewl 0079]
The networ k diqsctgév}grllg?; ?or 802. 1%1?11Bnetv\or£§’ri n ad- hoc node are nclei fferent
f rom | egacyasignirent IE sbhll aspdgde the oagthaBDX Admignifikatr A-MéP e and thet wor k

o U el S S5 L D B s b Bph S

necessary information. Therefore, after an HR-M5S is turned on, it may
listen to the channel first to check whether there is a network fornmed by
HR- MBs. | Abgs kiRt RIVHEA kdnlATER RN DA Al ALREAYETRY ] Of 0
t he exi stllfar%é]ﬁg?sv?orgsﬁor comqruﬁ?lcati on. In clgs)éﬂjtdﬁe HR- M5 cannot find a
HR- M5 netused foraesoarceaxsignmern to dtevdirekt lisk haswesuiweldReMSe inviolvinginj BSn, t he
HR- M5 may chogs tart a network by itself. It is possible that two
nodes nafoPV%]E%dﬁl{#ﬂ\dﬁéhrﬁ‘étt%}lﬂmﬂ?aé’@B%ry message at the sanme tine and
collision may happen. Random back-off time intervals between network

di scover \DOESEAGGenRYMEP TEGE TR YndsRed Wathth6 ARk Théaidhtof 8ét! foSo8®N1. [ 0080]
FIG 11 shows a conmmuni cation system according to an enbodi nent In an

802. 16n nidiswselke of d ypekediegien dipingyishies DCoAsHignmert AMARJEfream ddrblde, HR- MBs
145 are daesl'dg]gl% to be able to cormunicate to each other even if when the
i nfrastrd@ire Stations are down. A few HR-MSs 145 close to one another are
allowed to forma small HR-MSs network and conmuni cate 147 with one

anot her . TablecleDirbet CRDEMUrGcation (PG Assignmbnt AdMARIIESformeatcel | ul ar system in
order to avoid significant changes of protocals, a centralized network
control | esyitaxnecessary. The cegiZeal oNwiég ol ler can be a BS or a newy
defined station type. However, lt he HR-Mss network may be nore dynam c than
the current 802.16 network si nqéblﬁsde BS is fixed and pre-planed inithe
current $G.2.—16metm;r4<$4ﬁhiJf&ﬁnfSOQ;flﬁrﬁJcheksiﬂmy turning—an-HR-M5 to a
BS may noPirggiiGomminicetion t o the nobility and dynamics of the network. HR- M5
may al so‘hgs\{e Iinqj&_ ‘?Ifggﬁuti ng capability and battery power, fact qrs whi ch

are usual HELES; gni tly considered in current BS designs.
Direct Link A-MAP IE Type 4 ‘Set to 0b0000 ‘
———— — — - S
IsizeOffset 15 'Offset use to compute burst size index !
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[0081] In an HR-Mss network, one of the HR- MSs becones a network controller
and coordi nates the communi cati on anong the HR-M5 in the vicinity. The

HR- M5 baswo 20e/MeR controller is termed a coordi nat or. PTRHBGROIB0dINGAL Or | S
generally a sinmplified BS wi thout sonme unnecessary functionality, such as
hand over functionality. Additional functionality may al so be incl uded.

[ 0082] FI(?""lT'ShGWS’"’a'Tl ow diagram according to an enbodi ment. Wén an

HR- M5 can®¥®@&ssociate to a bas@%tatjoNhnd is allowed to comunicate to
other HR M5 directly, it may seqpgg) tp find existing HR- M5 networks or

other HR-MSs nearby and transnit di'scovery messages to |et gtﬁgrﬁHﬁ- VBs

know i ts gpdstence. Since multile HRLWWCB%&Q&%E{t di scovery nessage at
the same tine due to a |ack of coordination, there is a nethod considering
coll'ision of discovery nessages. [0083bOTBEBER- VS schedules 151 a tiner for
network di scover. The timeout val ue c‘aon be a. predeter nined va}I e or sone
val ue based on a predefined al gorithm"fo e@%%"@?‘“ﬁr‘%‘#f oYl ¥§8 Havi ng
wm n and ja wirex._—This-random vat ue hemgr)s*' i1 ﬁvofm%'ﬁd+i’ﬁ;ﬁﬁ’?ﬁbﬂg HR- MSs
in tranquP%qUﬁQj Index ng net wor k ‘dilscov‘ 1¢ FEfazen0np &55t < MEB Ry " APYS based on
the possible traffic on the channel. ﬁ‘{;ﬁ%&o&r@@'n%{mr is schedul ed, the

HR- M5 scans the channel | i steni'lng 162 for sync]hr oni zation signals from

ot her network stations. Wen the HR- MS02¢&€lsez: 16Bitafe yesohreenndeat i on
signal from anot her network station, ‘tzﬂg EIEBENS d {Srn}nes 165 .whet her to
join the network. If the HR M5 det er m2Wa8 FEd 5i457 Nl PHLIG &SRBk In “en t he

HR- M5 shoul d stop 167 the tiner' and start 169 the network join process. If
the HR-Ms does not join the network, then the HR-MS may deternine whet her
to switch 171 to a different channel . | Resourke index WBlutlss labation andwi t ch to
different channel, then it stops the ti.ner. and starts the di scovery

process égai n using a differ enj:t#chann lf)ca}t]fontsf‘@ HR- M5 stay on the game
channel , ffor—exanple, because a . di sco IES s been received from
anot her h—l[f@l@ésﬁ?hen it may adj ust theﬁéhﬁaﬁg?ﬁﬁcﬁﬁ%%tﬁ?@ind restart
t he process. +f no suitabl e networks— “heen - PWTE n, the_Limer| expires
153, the?ﬂﬁﬂ\}éldnay deci de whet hér tomgﬁeﬁglﬁ‘gggg (’r‘fétt‘Qﬂml?ES f the HR- M5
deci des t-o—becone  a coordinator, +then—t—stops the di-scoveryprocess and
becomes aA&dBrdinator. Ot herwi sé the HFRARR baoigl ideglifise whet her the channel
is idle 157-and-aceordinghy-transnt-159 a network di-scovery nessage. After
t he net woAk ¥ scovery nessage hds beedlARQrdentitce sequence rumbes channel is
busy, the discovery process shoul-d Jae‘%es{ ar ted. [0084] -A coordi nat'or can
be eit her Nombseof wajiddearesor by he HRNuBsbdsef &dmen that thivallocatiomet wor k
topol ogy i nformati on. An HR-MS can al sQ Ili)(% Qne, a coq%d@éqr aftt [ isendi ng
out certain nunber of discovery messagagg. [Bo‘ﬁl?ﬁ“ﬁ-ﬂ?é ’8%%8?lﬁfant

di scovering whether a suitable lexi sti ig-alldcdiing oTehiedsfifel Sesouicki N range  of
the first nobile station includes listening on an air interface with the

first nobRberaddation for a predater m neonmpes thedize dgidulibitkng whet her
activity on the air interface iis froman existing ad-hoc network, and

whet her t‘pe exi sting ad-hoc network i's suitable. The enbodi nent may further

i nclude setting a network discovery tinmer for the first nobile statlion that
upon expiry indicates that no suitable existing ad-hoc network is within
range of the first nobile station. Mreover, the enbodi nent may incl ude

sel ect i nd0874landbus backmebfle petation fioF tnesforming: disent| emebila-tognobids or e

reat tenptl nd, i agiI ﬁcﬁvgrcemiaatr hx%r bife T4 l'c%ti'(??f' sg/%feﬂp tﬁ%?&ﬂﬁla?eﬁlmié( IS

w thin range, a POr s 8ns ng and transm ing network di Scovery nmessages
peri odi calommunyédtiof §stemeipidigsat l¢hstieed §iodile B@tidmearid 4 sdmimmbichtorst at i on
as a coordinator in a _new ad-hoc network may include conparing the nedia
access cowtweik forvmoyvidiag peommpmni¢ation copagetinp hetveeeatthe pbleastdwonaoe

addr esse t.her Ll e.s [ 1.F byl . Of: L kS i

atati on, siiond ViE TBk Gerhal Slfonlol the oGl kb B A ange
of the fipretidedbi IThestmbilonstaiiéh inhtlades riberansedeivepbedrdfigatait itonpgerfarirhi n r ange

of each of said other. nbbile stations. )
communication with other mobile stations, a detector configured to perform neighbor

discovery, report the results of the neighbor discovery to other stations, record the
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[ 0086] FIGs. 13-16 show data tim ng diagrans according to enbodi nents. Wth
reference to FIG 13, when the HR-M5S is initialized into ad-hoc node, it
first |iswengidias448e air for certain period, To (To > wWREX)SG2013/00006T k

whet her there are networks exist. If it finds a network, it may join the
network. Otherw se, the HR-M5 may choose to becone a coordinator and start
a networ

net wor k, Keﬁ}hsl—ﬁ%&ﬁ/éhe nelghb?tgtg ggoe‘{%?}tl "#@%@\% glttféﬁ(::%rj\életfr%?/ a‘t?llﬁ?neé§ qxgér?gﬁaﬂb choose
a random dmdalsingf the tecﬂﬁieﬁrresnlt"@vﬂmermmoh]a stMMy ofﬁhecﬂ-diaﬁhﬁ;mbamnlfbsa en to

t he channel for_ npetwyrk disco y .messages 177 from ot her HR- MSs. it
finds a n@VipmRbile ﬁeﬁlpn,enﬁayy?@rwmﬁéowgg%i fo sypehrepize adinkib eﬁﬁ?ﬁ“&ﬁ%nge t he
net wor k c iSOk mer

xcpi res. OB ot BRE iR, GO81¢ RufrsCIRG DrkBhivcr e PO B (0 ]
transnmit teanseiitvmdkectiscnmging avdes afiee dyfichronizer amg behenfianedéd tnaﬁsnluusy, t he
HR- M5 nmay postpone the transm SSI on by skipping the current nei ghbor

di scover yAISHSCAGSOFHRBIANERIEHNPIES:  he network di scovery timer does not

ti meout, the HR-MS continues network discovery. If network discovery timnes
out, the HR- M5 becone a coordi nator and start a network by itself A node
can stay [0A7%i sEdGe? yvhowde flomt dikgram aveending o anr emisodimentatla ptadicmidnea nodes
or it isin e not.her node .fqr com‘rumc i 0 The jnf rm

i ncl uded IPPI\AP% gﬁegﬂg TR S%QHQ}B?WC%@ s&dye* M ﬁ) r&f QYﬁS e!

addr ess, jajthfgRgN3Tes figfh dl%l&dﬁﬁtﬁﬁlsmt@aMB@%odéf d&@b\&hﬂﬁgﬁ’ﬁ \Rfﬁ&hérni or mation
of each nei ghbor including, for exanple, their name, MAC address, and IP
addr ess. {uitaig]existing@d-hps nesworkrizsvithin rangeeof the famtpiobile bating Winiegver t o
]Ehe BS/ Rsbss t*ﬂg i R§*m‘1‘e5§’t i td LRAILE S, Defvdik B @avﬁﬁ he f?r”:FH&Eﬂed?t‘W?ﬁ nk

ol | owed cessary emconti gura I'on or exanple, in
802. 16e njeinvme kultaemlitrngrm Ho® rﬁtvadrkeelbwdteéig@atmgemﬂisembme statlon s 4 0l | oned
by a Frame Control Header (FCH), and a Downlink/Uplink MAP, for exanple.
Ther ef or eCOOfcbnatman%@%a%ﬁetweé( and corERMARERE 131 With e s9cordwgbHe t r ansni t
01 cover YIRATAM TP HrsEFREN0 Gabl udhe BRGaLAR RAEAHD, ot EdalMldaagy by a For
and necessary network di scovery in mat i on required b . len. can
transmt gelneraﬁysheoa/de\ycmwsthaiymlasﬁmbﬂlmht}aaeal basd stathom. all‘hms am HRSMS a few

di scovery ne pe ically before ch005| n ff t| rre

i nterval mai[s a?’lfo?fr% TGN HERChSPRMUnGEt 1?‘%/&5‘8 %MM PR

advanced &Bﬁémﬂ EAIBR S s RELDRE ANARhYr &Y PPA6W. (SA) preanble are
transmtted. In each super frane, the PA-preanble is transmtted at the
begi nning of the second frane in each superframe (each superfranme consists
of for fr and.t dur at | of .each frame | mllisec and the
Sh pr eandPl s F1GrFstEra e pie SR AbRG st i ybod R i 1
frame. Syes(tis%]é(s«ammgiéfﬁéﬂ(grfof 8 MDY cdrhuhichts twitbfoBEeRISR liemu§tGFa90findV t h-
reference to FIG 14, a different transmssion formis illustrated which

requi r es shaselstatiearagd shemwagsheia®ye. the pefpwaslanditer retwashhssediatiom tlge MS
synchroni zation bor ure. c apsShSSireN: t start
Y om Sa Fxep iR ERE Ry bt SN CATRITR R, Bl AR RNEE i REEIOE 51 ¢
181 and smnwisrk HRIMSsateesllohdd tatcobiBunicite dbeavhrotisgpacitione hs/soclleahg\w K

di scovery nmessages 177 at the first _ SA-preanble may be optional. [0091]
Wth ref e {onpifdesing e diffgienes of COTSHIIGEROS DIGYiFF; SOTRMPRIGAtiR B

PA- Pr ea h g fa . An
oA pr oamt g3 i S0RABRI) bEfaBhortatd OIS nry 3 HRREREE, for
di scover ymodd ardraataderochidde BIR-MBs chinenl$Aepn eaerbt the t\Bo @ivdas dtrarsimessi on form
makes nore changes to the existing transm ssion form but also sends fewer
preambl es. [0092] Wth reference to FIG 16, yet another transm ssion form
s TTustogyad wbf 618 oA sHeliScoRfindlardAchifiuPh Safk Gy A8 saek fir back.
That is, [b ﬁﬁ Preaﬁg l e 183 |rrrre)d| at efla ' 0\}\1/5 a PA- preanbse 181." Ot her

net wor k cMS‘s idipcoedri AR-MB$ om rileiv mmrﬁ@f?arfdothlen\wnnmm&ﬁoﬁr\mhmm ah8tBer Wt h

this nmethod, the node noIon r isr ed.to foll ow erframe

St ot ur TR AIGEVE SCLERG NEOTE GFRCRE CERSSS Bl Fh5ef 7ot heb e Hiscover y
process. §1QQ93be ﬁsleasww&&aesl%&dow 81 3 En P8 Ot uRaioh §aRAdBITENt S.

Al t hough the point-to-nulti-point net wor k organi zati on nechani sns of
802. 16 networ ks are capabl e of functl on| ng in ad-hoc node, the HR-MSs are
better suited in formng a structuralk network in order to conmunicate with

each other. One possible nethod of formng a structural network involves
sel ecting one of the nodes 187, 189, 191 as a




coordi nator 187 to assist other nodes in scheduling and forwardi ng. Mre
particularly, the coordinator's functions include: coordinating

comuni caWvpani2/Bse8dcast i ng node i nformati on, and f orwaP@ir/sg2eiat0a006f 0094] A
node is allowed to nomnate itself as a coordinator when either it cannot
find other nodes in the network or determnes that it is the best role for
coor di nat [ t f.or

amber s, ool HEMS O 3o AlinftRI SIn fLaERRE hiRALLNT S ESitd

facili tat@atembdun@t;oﬁo&elIaahsoonery/z«mé hér, amelRAdS iattemptias fmdnm@bomrrparu ng
the MAC address of its single hop nei ghbors t o .deci de whet her |t or its
nei ghbor rywsmhy @éb@rrbstamesoﬁodrfhfatcmnqs!aégdtrmﬁ%wgemmg%d? elagilitate { he

| ar gest 0 S o I om ng

t he coor %cé)t"?& M; %e%olgkggﬁgbe@ée}a zed@y@ggpgﬁ;s?%%?%egﬁ(gtmrk
di scover yfotmsre hetl\)\forla, mcmhecoiﬂmniﬁcaie withghbdnodesiiti theamelvaorjén commumaicatibn

nei ghbors that itself before the tiner value reach the maxi num val ue.

Anot her s#t&id#dn incl udes a node sendi ng node di scovery nessages for a
certain period of time and then determ ning whether it should becone a
coordi nator. Once the node nakes the decision to beconme a coordinator, it
may decl g06878]hain bxistsmg SObh@nawowscoamrhdismveay]ts tha poacesseofaMSiardR$it  whi ch

it will art its ttin .pr eanb] es r uIarI 0095] The
coor di nat‘iﬂ?coé’ﬁ%%ﬁﬁ §§ W?Mﬁ gléyi{ RE6TR 18%‘? y%?’ F‘%‘bul arly.
't may n%f&rﬁﬁﬂ&%&n&&@al@r @)atmlaﬁr EPkhae WS %aﬁ Ukt E}fé'ﬁeemﬁ@ﬁceea&ﬂnﬂlaﬁe i f
there is no traffic in the netwirk, the coordinator may transmt frane

pr eanbl esdeexsmnyfwrwﬁ;m@tﬂ(fqntramebandwﬂ 20 nms should | ess than, where tnmax is

t he maxi num val ue for the random back-off in the network di scovery for
HR-M5. [0096] The coordi nator should schedule the ranging slot for HR-M5 to

join and [pBEEUr &ht Retwbrk s eeried e scB ¥R rehoorkd imed-Ro©hldae arsdiffeteat ed
HR- MSs in resource allocation. The all ocati on should have certain

per si st er&gmslegqcmwstpm ShFh RS 867 46n and BE&d Prmedhets may berAo nefirpek aRd

downl | nk- g s§ Q0 h the RORIHE 13 's?rﬁﬁlércl?ﬁ%%%td"ﬁl\és& (R, AR-QMRAGhanet work
scanni ng. The |n be ween scanni an a random val ue al's The
coor di natiawve m@y)rgmmdﬁﬂﬂtvoﬂd”lby tieieelvefbaddpesiisg sdmé hecea@dﬁmfmmnat e to

it. [0097] FIG 19 shows a nmessage fl.ow diagr am to an

rdin
enbodi mentherefpige @ftean E&R-Mp é?n’él‘ i b dh HRY 1S %ﬁ%‘i o flscl onsune
more ener ener gy,
when a nodethRirB it 8 ?g‘{v%"f%??tﬂ osﬁm?ﬁ?‘t"iﬁh%%%ﬁﬁ%“*%%% B T on 1 o
a HR- Mss bmHRhMSs,oﬁhe HRANI8 inmiyt jpin theecxnstiohg nta&ymhefoalcbmmmqaoomtlnanabﬁ a short

dat a packet scove S R- M5s he n di sco sage can
decode t H8® 5@? yfgp%ﬁf‘%ttﬁ‘yq?gg% S"%ﬁ@etﬁ'%(eorrf’é’f"éﬁ?égng Eés ??{eguﬁgt&&“ nd pass
to other Bqdps tMEARDMS MBP LBbosEGo GRIATH HeBAdR HyOitsd e istidsNblen@al o a node
can also invite sone specific nodes for comunication by attaching an

i nvi tati owde®Mmayemansait the netwword disewyenymeessgagb the same HReVBY qobligiomr e awar e

i ot | gt By RATRE SpulGPly b il B O ke eSS Prsbi s oun

the i nvi triagy BénéREHdBSlo avBM donsiBgst alifsiéd.s role to a coordinator and
commence its duties 209, 211. [0099] FIG 20 shows a nessage flow di agram

according to an enbodi nent. Synchronizing the |ink between the first nobile
station he con Wﬂﬁ r]é]qﬂ m t he
first nngtilaﬁg(s] g?@ b %gwtg%e&?gg%ﬁé&%%b nfs'%%!g ,tto |rs&td§dr1§%g|h{1£grpcode
and transgot Itélnngatwtfmkpm irlake System dobmsbid thesihfrhdtnnture diegd, IHR-MSoODS e

station, an acknow edgnent in the formof a second rﬁlngl ng code.
are designed to be able to communicate to each other even i1f when the infrastructure

stations are down. A few HR-MSs 145 close to one another are allowed to form a
small HR-MSs network and communicate 147 with one another. Since the 802.16
standard is designed as a cellular system, in order to avoid significant changes of

protocols, a centralized network controller is necessary. The central controller can be
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[0100] After getting the flowID and transm ssion opportunity, the first
action for the HRRM5S is synchroni zation for the direct transm ssion |ink.
One way iWOu8iigs448e preanbl e. However, using the preanmPCESGagI2/00¢paTre a
new preanbl e design. [0101] Anot her means for synchronization for the
direct transmssion link is to use a ranging code in the synchronizati on.
The source - ), & ngy I

sub- chan nae?sgr%ﬁ%egﬁ9td%§ﬁé§nﬁ%§? nai) ?hgo&%ﬁgggge I(Z:,Iof{(sil\e/lfg @tr{?tel’?%rgﬁﬁéeggﬁ&ovs may

wai t for @makiSthamticiurient 80206 actwannk isinge ciadBS 24 fixedb aimk plerplanddhia the
destination HR-NMS. After the synchronization process on the sub-channel for

di rect cowgRt 8% 1oRetwerks Winledn 8% 1PR.4AS Mmply Biraing 23 K M3 & 8 B5.Bawnnel
then. Th ' en .t : : ' ' erforned
peri odi c;i}cﬁqw k F’%{ggﬁy\gﬁgh@%?%%% etl\j\eigﬂmgaﬁl—%l@& 'E{ﬂmgg%ag?ﬂlsﬁat or may
f ol | ow t Heve nadiddi @nglutiag \dapabilityi ang bdteryp peaerb fasors widdwate wdoaHy ot

peri odi cal, r,tallngi ng si,‘geggls on th pl.ink. Additionally, when two HR-MSs are
cl ose to SHuficandyfapst Weerepbbe GRtE™M cate, they can transnit data
directly instead of asking the coordinator to forward data, simlar to

M5- BS- M5 conmuni cation style in | egacy networks. [0103] To conmunicate to
each ot hgposii]r et hiy HR-MSsHRtW&kn enel of thesjReViBs hecomeasa retwhrkocdmgrolloef or e

they transnit the data. A possible way is ing.the rangi ng, code  The

R v o droer eSS R can aridieahg IV ietiSpdy g M
conmuni Cajak QN nétWork 208kl i} tterBRA él%ﬁoxfdﬂﬁlt&an?hé@b&@ﬂla&froﬂéo%‘ﬂ@ra!ﬂﬂ $ection
3.3 to establish a direct comuni cati on between two HR-MS that i s nearby

each ot heimplifled)4BS Farithdat ssomearmmieesssasy BunclieralitHR-sneh agd hand @yer di nat or
nor mal cqnnectiQn / rocedur € i 2.1 nd 802.16m network may be
foll omd%ﬂ‘ﬁg’flaﬁtg; gﬁ%@%ﬁﬁ'ﬁé@@ﬁi@%ﬁﬁg&oﬁ% nﬁ@ﬁi‘%ﬂ( are used for service

connection setup. [0105] In 802.16 networks, data transmissions in the

downl i nk and uplink need to be acknow edged. For HR-MS5 direct
comuni cdPP®A, WG hdushopsssilon dipgram aecardiag do anembodigicah, ¥headrdd edgenent

can be { asihid Ol 0% SRA0LAMEPSALGRAkL R Alehubic Buflh FCMS

communi cat 1 on. he source and desti nation can negotiate or 1ndicate
t he acknaliteelgdtmay séarennfimisexisting[ RS nédtweksaondtberddR NS s neanby reiv HR- MSs

may perform HR- M5 direct comrupicati it hout jnfrastructure sfations is
gi ven as FAIFEHScOverRynesrageRio E"ﬁf’a’r%?ﬂ%% S SHRCRGCNi WRCS MBUPE i zat i on.

HR-MS may transmit discovery message at the same time due to a lack of

coordination, there is a method considering collision of discovery messages.

[0083] The HR-MS schedules 151 a timer for network discover. The timeout value
can be a predetermined value or some value based on a predefined algorithm, for
example, from a window having wmin and a wmax. This random value helps in
avoiding collision among HR-MSs in transmitting during network discovery. The
window size may vary based on the possible traffic on the channel. After the timer is
scheduled, the HR-MS scans the channel listening 162 for synchronization signals
from other network stations. When the HR-MS receives 163 a synchronization signal
from another network station, the HR-MS determines 165 whether to join the
network. If the HR-MS determines to join the network, then the HR-MS should stop
167 the timer and start 169 the network join process. If the HR-MS does not join the
network, then the HR-MS may determine whether to switch 171 to a different
channel. If the HR-MS decides to switch to different channel, then it stops the timer
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The two HR-MSs scan the channel and do the nei ghbor discovery. They may
maintain a list of neighbors it has been found. |If the source HR- M5 want
to comurwoane/MB44R one of its neighbor and both of theRCASE2812i000067 n

di scovery node, the HR-M5S may turn itself to a coordinator and transmts
preanbles as if it is a base station. It may invite the destination HR- M5
for communi ' . ' i.0n:..HR- 0i t hefe d Ol rk
started by d%%%'{rsgge ﬂ[g{?%g’p&gg%ts Fgaelh& leg'%adc\@g%gp %tﬁmghélhgﬂt?g%@owsrt%%\gur ce
HR- M5 af tthe sgaé ciminel, $&i exandple) ectase a distbesry anessadedias bieen esapivedifioat e once
the destination HR-MS jaoining the network, . After the conmmupi cation

fini shes,another HRAMSRING iRy adiishhermasge it ¥ iynecesipey yndtesied theyRIA5eSSt 0107]
The presqpt,, isRy.a | APRAE dnefd 1R dREr SRS 14 EMY hiyput
departing?b?8%%#@%h§ng§¥mg§bgsseﬂ??al characfg%@st%iggtﬁﬁgﬁggg%%gﬁed
enbodi mendegiderwhdtherbie eeznmiede ceordimatal 155t 46 pec HR-BIS geadesi fol bexbmata ve, not
restrictive., The scope, of the inyention is, therefore, indicated by the
appended “_@P%ﬂ“ﬂ?éorp a ’_ér‘tt FQRs Hyet%écqvﬁfyeg}g???és B bEpRmeT 2 ,&PPrdb‘Wé‘Hées t hat
Come Wit rbﬂﬂelf}'vhg’e {fﬁ%&%s%H&'ula%@!\%gtmetﬁaﬁhyahagﬂemsqmet1*5@ AldlcBSrdfgfy t 0 be

enbraced wthin el r scope. Is clained iIs:
transmit 159 a network discovery message. After the network discovery message has

been transmitted, or if the channel is busy, the discovery process should be restarted.

[0084] A coordinator can be either chosen by user or by the HR-MSs based on
discovered network topology information. An HR-MS can also become a coordinator

after sending out certain number of discovery messages.

[0085] Thus in an embodiment, discovering whether a suitable existing ad-hoc
network is within range of the first mobile station includes listening on an air interface
with the first mobile station for a predetermined period, determining whether activity
on the air interface is from an existing ad-hoc network, and whether the existing ad-
hoc network is suitable. The embodiment may further include setting a network
discovery timer for the first mobile station that upon expiry indicates that no suitable
existing ad-hoc network is within range of the first mobile station. Moreover, the
embodiment may include selecting a random-back-off period for the first mobile
station before reattempting to discover whether a suitable existing ad-hoc network is
within range, and/or sensing and transmitting network discovery messages
periodically. Various embodiments in designating the first mobile station as a
coordinator in a new ad-hoc network may include comparing the media access control
(MAC) address of the first mobile station to the MAC addresses of other mobile
stations within range of the first mobile station, and/or comparing the number of other
mobile stations within range of the first mobile station with the number of mobile

stations within range of each of said other mobile stations.
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1. A nethod for performng direct nobile-to-nobile comunication in a

cel lul ar nobil e comruni cation system the cellular nobile comrunication
system cONPR20BV1gH4at | east two nobile stations and a coRElifsGeeI2i0006het wor k
for providing a comunication connection between the at |east two nobile
stations via at |east one base station of the conmunication network, the

nmet hod c S| €L ) g%f ' a fi. Ldr8instt8tdnftd nd
nobi | e sﬁg? ?fgn \i/}\n%i% 1t3hlgﬁsat géﬂg[{ g%%é dé%%émg? g(%dlrglrr]@ ® pe?i o%lrtrﬁng@lﬁlgi ghbor
di scover yefegdnoe en FiGiel 3, iwhen tho HIR-MSstsathitiehzeanidta fibheemode itribst listeas at i on

for reporting tqQ the at | eas ne base statj on; detectin he .
f easi bi | itPyheAir &r@seemgveﬁﬁ@r# ide Ot gf‘(/\%tl?ﬁf( Rﬁ’éthﬂ fhete ?Fsmwgfrfgi &ti#ton and
t he Secorlg it s Sn Bk, Hma ﬁﬁﬁ%' ARbAY AW &S theC@RTURI A biRSdst koK

between the at least two no e stations; allocating identification for
communi cdtecane angbofdinatpr amblstag sonetwesk bpitself.fIf olodsatorgein & hetwbik et nobi | e

station and the second bjle.s [ : h the fl bet
bt B SES T ahb et L b8 e ey PR R g "
i‘Ut omat | CchBSWPanH&H%@lE—%ff(tﬁﬁ@hoH?ﬁ&%S‘%ssm-ax] vandJ\b.erﬁE?HholdIS?tﬁ&Pﬁ%H% to claim

, wher ei n perform ng nei ghbor discovery between the first nobile
st ati on ahel chinmek gortiworkbdisepveryamessageésol 77 dipor pthey HRoMSse It findssa one

mobi | o otk GRaGERListT g Pehiorpr R Rabmel SharéePhs b URESH mobi 1 e

station, tgR& and continue scanning until the back-off timer expires.

[0087] Upon expiration of the back off timer, the HR-MS may transmit a network
discovery message 177. In case the channel is busy, the HR-MS may postpone the
transmission by skipping the current neighbor discovery message transmission. If the
network discovery timer does not timeout, the HR-MS continues network discovery.
If network discovery times out, the HR-MS become a coordinator and start a network
by itself. A node can stay in discovery mode until it needs to transmit data to other
nodes or it is invited by another node for communication. The information included
in the network discovery message may be, for example, a MAC address, a node name,
an IP address, a number of neighbors, the information of each neighbor including, for

example, their name, MAC address, and IP address.

[0088] In 802.16 networks, in order to enable the MS discover to the BS/RS, the
BS/RS usually transmits a preamble 179 on the downlink followed by necessary
sysfem configuration information. For example, in 802.16e network, each frame is
started with a preamble 179 and is followed by a Frame Control Header (FCH), and a
Downlink/Uplink MAP, for example. Therefore, for HR-MS based on 802.16¢
technology, the HR-MS should transmit discovery messages by sending out an
802.16e preamble 179 followed by a FCH and necessary network discovery
information required by 802.16n. It can transmit the discovery message as illustrated.
It can also transmit a few discovery messages periodically before choosing a random

back-off time interval.
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wherein detecting the feasibility of direct comunication between the first
nobi |l e station and the second nobile station conprises determ ni ng whet her
t he base W0a012018448s st ored address i nfornmation corresp®adiSGgoR2®0e06e nobi |l e
stations, and whether the first nobile station has a |link condition to the
second nobil e station above a predeterm ned threshold, the link condition
being a received signal strength (RSS) or a signal to noise ratio (SINR),
or a frequency offset, or a tine offset, or a propagation delay, or a
conbi nat i [0089)f Fbese2flant actvork, Bvo Thpesnef Ipocindde opuinary tdvanced PA) wherein
detecting the feasibility of dirac& ommuni cation between the first nobile
N’

station anEABRE AWcerrandasy;adya E’E?ﬁ‘ﬂi‘?"fesé@_: transn}m?cﬁt_ i FaGhgSuper
nei ghbor i ﬁ]zgn%,g?‘l: @pﬁﬁemsleaig thaRaiteAns tlli’@ﬁ@gil%{ig% oPd §3bnd ke AAEESS

i nformation no e stations that are capable of direct communi cation;
and deduperfianien@ackhatpheranichepnssisgififor frages ald theaturativa ofteatle rsmease base

station | [ sts. address i.nfo tion jndicati. that .the first bile,station
2nd the setomilHERMDEdAE PAPETEDl b HAREBR bf e e aaiRAA RaTRbAbot ween
one anot he hiRNFaib &0RMm dGighatish fOIRRIS tRe A SiACPreh@Blea | ink condition to

the second nobile station above a predeterm ned threshold, the |ink
condi t i onf0RgMIng Vith exfereneedodilgnad, asdifferagt rajsRESyiom form igiillysttatedovinidh se rati o

(SINR) , or .a fre ncy offset ati of fset, or a pro ation del ay,
or a confFRdfssoTat changest Mg 9% 6 predni® bRl R BDRERE RN one of
clai M 1-grocdfY. GhB chalfiRl iafd hatiafsnisSion GOBIHGY st from SMPrédntbie GOMPL | ses a
station id (STID) or a connection (CID), and the the STID or CID is

assi gned nasmehsupgrfrases. ilostatowith s Réxpresmble hkl andsserin 8 Avprepwhblead8dreti ng to
any one %Psg 'a§§1a ss %esr?‘é‘é} efy. “N@Jdogfan%%@%g&gggggaggé 179" 2@ eld PpscPgAveen the

first nobi 'on a secon n conprlées: 'sending a
dynam c sgeathisle nadberoptivaslt (DSA-REQ fromthe first nobile station to the
at | east one base station, the dynam c service add request including

address information corresponding to the first nobile station and address
| nf or Mat | o T PP A8EAGe 1P FiB 15°aM e BRIshfiehlrA I is NRSAALABA-
communi cati on an ow 1 dentification, and resources;

Preamble 181 is transmitted at the beginning of the second frame. An SA-Preamble

183 is transmitted at the beginning of third frame and network discovery information

177 follows the SA preamble. Such a transmission form makes more changes to the

existing transmission form, but also sends fewer preambles.

[0092] With reference to FIG. 16, yet another transmission form is illustrated which
transmits PA 181 and SA-preambles 183 back to back. That is, a SA-Preamble 183
immediately follows a PA-preamble 181. Other network configuration information
177 follows the SA-Preamble 183. With this method, the node no longer is required to
follow the superframe structure defined in the 802.16m which may simplify the

network discovery process.

[0093] FIGs. 17-18 show flow diagrams according to embodiments. Although the
point-to-multi-point (PMP) network organization mechanisms of 802.16 networks are
capable of functioning in ad-hoc mode, the HR-MSs are better suited in forming a
structural network in order to communicate with each other. One possible method of

forming a structural network involves selecting one of the nodes 187, 189, 191 as a
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awohel2zasssd nobil e stations; comuni cat i ng PRE/SG2ERN00ed7
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fromthe at | east one base station to the first nobile station
not i f i cat[069d]of At imededyaHowed senarmiateaithe] fras sparosdingtDEahRSeither it camotli ng,

fa{jl (!):\tg%snleﬁt ﬂ%ggba}?éﬁase vsv% L ?&@t@lo iﬁegﬁhz];tl i{ 1Sst thg%glstl r((a)leS o?tclogrrglina?orqynam ¢

Various methods can be used for coordinator selection. Numbers, for example, may
be attached to discovery message in order to facilitate coordinator selection. Another
method includes a node comparing the MAC address of its single hop neighbors to
decide whether it or its neighbor should become a coordinator based on whose MAC
address is the largest one. Another method involves a node with more neighbors
becoming the coordinator. Such a method can be realized by increasing the network
discovery timer if a node finds a neighbor with a larger number of neighbors that itself
before the timer value reach the maximum value. Another solution includes a node
sending node discovery messages for a certain period of time and then determining
whether it should become a coordinator. Once the node makes the decision to become
a coordinator, it may declare that it will become a coordinator and announce a time at

which it will start its role (transmitting frame preambles regularly).

[0095] The coordinator should transmit preambles and network configuration
regularly. It may not transmit the preamble for every superframe. For example, if
there is no traffic in the network, the coordinator may transmit frame preambles every
K super_frames. K * 20 ms should less than, where tyay is the maximum value for the

random back-off in the network discovery for HR-MS.

[0096] The coordinator should schedule the ranging slot for HR-MS to join and
measure the distance. The HR-MS should help other associated HR-MSs in resource
allocation. The allocation should have certain persistency so that the HR-MS are not
required to transmit MAPs in downlink. The coordinator should also schedule HR-
MSs for neighbor network scanning. The interval between scanning can be a random
value also. The coordinator may broadcast the name, IP address of the nodes

associate to it.
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nmonitoring the reserved radi o resources by the second nobile station for a
synchroni zation signal. 6. The nethod according to any one of clains 1-3,
wher ei n aWbDgowryiis8radi o resources for a flow between t RETISIGREK2/0HW07 | €
station and the second nobile station conprises: reserving comunication
and flow identification, and resources; comuni cating the reserved radio
resources to the second nobile station; sending a dynam c service add
request (DSA-REQ fromthe at | east one base station to the second nobile
station; [009Hen8IGIL9 s‘lfoo;matrhesssmﬂmddmghimgcmﬁhgamamembhdainmlt.l&iaset one

base station, a dynami c service add respgnse (DSA- RSP); sen , from
the at |éh%tsetanémsar§@ngemqeoqf B- Mgen%g%ﬁ BPSYMEL RPTEFRETY g-?n c

service q&%u?&éﬂﬂg Bé%% {n%fgﬂ)ms&@%ﬁé}gga&haﬂa%ee bRSSK RS 1§ adi o

resources to rst rm I1e station ng a dynam c “servi ce change

request (ddsHsREQmitedamodmne data dreaformetien toas HRsMaSs i thet iode evidinity ttherobi | e

station; sendj n fromthe, first (gngll sta on to the at I—Illgﬁé one base
-MSs

stat i on, "9dayRanPealarsd Weattarh Agtortdiy RaEeet Bs S?@i@jbf Messages.

hearing the discovery message can decode the data packet. Receiving node may also

decode the packet and pass to other nodes nearby.

[0098] To communicate to other HR-MS nearby, a node can also invite some
specific nodes for communication by attaching an invitation 203 request in the
discovery messages. The HR-MSs that are aware of the invitation 203 may indicate
that they accept/reject 205 the invitation 203. With the reply from other HR-MSs, the
HR-MS that sends out the invitation request may change 207 its role to a coordinator

and commence its duties 209, 211.

[0099] FIG. 20 shows a message flow diagram according to an embodiment.
Synchronizing the link between the first mobile station and the éecond mobile station
may include transmitting, from the first mobile station to the second mobile station, a
first ranging code, and transmitting, from the second mobile station to the first mobile

station, an acknowledgment in the form of a second ranging code.

[0100] After getting the flow-ID and transmission opportunity, the first action for
the HR-MS is synchronization for the direct transmission link. One way is using the

preamble. However, using the preamble may require a new preamble design.

[0101] Another means for synchronization for the direct transmission link is to use
a ranging code in the synchronization. The source HR-MS can transmit a ranging
code 239 on the assigned sub-channels. After transmitting the ranging code, the
source HR-MS may wait for an ACK, which is also a ranging code 241, back from the
destination HR-MS. After the synchronization process on the sub-channel for direct
communication, the node can transmit data 243 on the sub-channel then. The ranging

between the source and destination HR-MS may be performed periodically.
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sending, fromthe at | east one base station to the first nobile station, a
dynam c servi ce change acknow edgenent (DSC- ACK); and noni toring the
reserved waaip/resdur ces by the second nobil e station f®CTAGYNROPIGHI zat i on
si gnal . 7. The nethod according to any one of clains 1-6, wherein
synchroni zing the Iink between the first nobile station and the second
nobi |l e station conpri ses: transmtting, fromthe first nobile station to

t he seco bile stat.ign, first i ode; . adj ust i a timng on
t he secoﬁﬁl{i bi S&M 3‘?‘?%??%3%@'(?%# Ff@%??ﬂ@ ?a‘??é’fq*ﬂgt%d%ayaﬁa,low the" "9
transm t tdfGhiodal 91, ha@mgezﬁ@ Bebaf®is| dh EdvaklinkNardopdriadidai fa'ilfging‘?@%ﬂa@s ghation,
an acknow edgenenf .in the formof a second rangi ng code. . The net hod
accor di ngthe mpink. dddlitidnaly.aivhen twq HR-M3shene denepei atierapopres\and iwant fte ane
synchroni zation. . 9. The t ho f_claim8 erein.frame synchroni zation
oo | SesRIaAte: PR aP dEa o e TRET, B oG Bine B oY IREE Bt he
b?s;a, st atfopwardldafal SiMiRE tWIS-BHMS coBinuiitatibe stgledhil@acphetwdegkssecond nobi | e
station.

[0103] To communicate to each other directly, the HR-MS need to synchronize to
each other before they transmit the data. A possible way is using the ranging code. -
The HR-MSs can use the subchannels and time slot assigned for data communication
for ranging. It can use the same method proposed in section 3.3 to establish a direct

communication between two HR-MS that is nearby each other.

[0104] For data transmission between HR-MS and its coordinator, normal
connection setup procedure as in 802.16e and 802.16m network may be followed.
That is, the DSA REQ, DSA RSP and DSA_ACK are used for service connection
setup.

[0105] In 802.16 networks, data transmissions in the downlink and uplink need to
be acknowledged. For HR-MS direct communication, without passing data to
coordinator, such an acknowledgement can be transmitted on the radio resource
allocated for the direct communication. The source and destination HR-MS can

negotiate or indicate the acknowledgement transmission.

[0106] An example scenario of how HR-MSs may perform HR-MS direct
communication without infrastructure stations is given as follows:
. Twé HR-MSs enters ad hoc mode and finish initialization.
e The two HR-MSs scan the channel and do the neighbor discovery. They may
maintain a list of neighbors it has been found.
o If the source HR-MS want to communicate with one of its neighbor and both
of them are still in discovery mode, the HR-MS may turn itself to a
coordinator and transmits preambles as if it is a base station. It may invite the

destination HR-MS for communication.
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10. A nobile station for perform ng direct nobile-to-nobile comunication
in a cellular nobile comrunication system the cellular nobile

comuni caWPaR12$NB448 M conpri sing at | east two nobil e st aPCHIS2e1200067
comuni cati on network for providing a conmuni cati on connecti on between the
at least two nobile stations via at | east one base station of the

comuni cati gn Retywork... t i t.] I Sing: j

configured fo @‘eﬂ%{“ﬁﬁt‘c"éﬂf}%{%&%ﬁ? Sﬁﬂe\?ﬁjkﬁqggﬁgi?&o%g@ﬂgd gY%é%ﬁ%ﬁi_m a

det ect or conf iguidtidelyoriReéMthe RRighbofrodi saeveHR-MSEiertget perniission t s of

t he nei ghbor di scovery to other stations, record the results fromthe

nei ghbor di scd@R¥sérncl udi ng any transnitted address information, and using
the recorded rgsults, determn f i bility. of di c ifation for
a given nobl’'l e 8¢ afa}noﬁt;a’eta fd Com%lé&gs]c)?}tnecﬁfg%én@eep E%%‘%I‘?'gd?%%? d%ﬁfﬂé‘l@ htﬁ‘gni ze a

| i nk between tfeevembi | € stati on and anot her nobile station. 11. The
mobi | e station of claim 10, wherein the synchronizer is configured to
transmit and rAeithe eemmunigatéerddinishes,2theTioww FbMe mawatcheangeobadkl & m 10,
wherein the sypchroni zer is configured to transmt and receive

synchroni zi ng %Qgﬂyﬁég?apfé. A method for perform ng comunication in a
nobi | e ad- hoc network, the nethod conprising: initializing a first nobile

station into ad- hoc node; _ o _ _
[0107] The present invention may be embodied in other specific forms without

departing from its spirit or essential characteristics. The described embodiments are to
be considered in all respects only as illustrative, not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes that come within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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di scovering whether a suitable existing ad-hoc network is within range of
the first nobile station; joining the first nobile station to an ad-hoc
net wor k Byohrawimgs4Bhe first nobile station join the sui PEBISE2¢1R{08006THQ

ad- hoc network or by designating the first nmobile station as a coordinator
In a new ad- hoc net wor k; and comuni cating with the second nobile
station f‘Wﬁ ‘éé(\i,\f.st nobil e station using the ad-hoc network. 14. The
nmet hod of al m erei n di scoveri ng whether a suitable existing ad-hoc
network iR \Mﬁlhlhﬂdlf@r}gaefoﬁﬁidghﬁrefci msbilevabinbbils t@hmanicatiorpiniaseedular | i st eni ng
on an air interface with the first npbile station for a predeterm ned
period; anhé bile comarnanifa N RYSiERe thedelBlar mePHE CURMURication sysieMyeampISInG 1 om an

exi sting p&cﬁg fi ebh&d g 14 SradsN@neRet work is

sui t abl e.ﬁqi%. e ﬁaﬁg? M\,?alE)m 1uAIf1 gr e{ﬂ?folr rg’%er?ln whet her a
suitabl e c&mirﬁuﬂiagioad:ohmtmab\amden itlse atil¢ast trwormn@dae gftidnseyid atrledst omxbi | e
station further {r]r%rl ses: setti n%&”" net wor k gl scover timer for the first

mobi | e stRasF Satiemat the sommupisation petyopk dhemethg cm}pgg}p abl e exi sting ad-hoc
network is %stobl bbiafing 2798 nffbileREitibh hid 2 BB SnctiRlst8Bn witihe Ih‘éaé?%h@()d of

claim14 or ein discovering whether a suitable existing ad-ho
net wor k |lsiswstah<|>rn range of the first nobile station further conpri ses
sel ecting aperforming neighbor discovery between the first mobile station and the second
mobile station for reporting to the at least one base station;

detecting the feasibility of direct communication between the first mobile station
and the second mobile station;

establishing a direct communication link between the at least two mobile stations;

allocating identification for communication and flow, and resources for a flow,
between the first mobile station and the second mobile station;

synchronizing the flow between the first mobile station and the second mobile

station; and

sending automatic repeat requests (ARQ) messages.

2. The method according to claim 1,

wherein performing neighbor discovery between the first mobile station and the
second mobile station for reporting to the at least one base station comprises
transmitting a predefined signal from the first mobile station and detecting the
predefined signal from the second mobile station, and

‘wherein detecting the feasibility of direct communication between the first mobile
station and the second mobile station comprises determining whether the base station
has stored address information corresponding to the mobile stations, and whether the
first mobile station has a link condition to the second mobile station above a
predetermined threshold, the link condition being a received signal strength (RSS) or
a signal to noise ratio (SINR), or a frequency offset, or a time offset, or a propagation

delay, or a combination of these factors.
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random back-of f period for the first nobile station before reattenpting to
di scover whether a suitable existing ad-hoc network is within range. 17.
The met hodOab12¢11844th 14- 16 wherei n di scoveri ng whet her aPSTISGaPI2®0@%7 st i ng
ad-hoc network is within range of the first nobile station further
conprises: sensing and transmtting network di scovery nessages

per | 0di ca | he nkfod Hiforlle81ath 1€ Wil e tifloqhO SN G0BE difGy L hE 1T ST -
mobi | e stti 0N As & C6ordinatar i h a new ad-hac hetwor conprises conparing
t he nmedi acoats@ficativntictvaden (thid)st mdtile statiaf adhihe bécoat muabllielseatishat i on to the
MAC addresses, of other nobile stations wthin range of the first nobile
station. COMPrIsGHie net hod of claim 13 wherein designating the first nobile
station as 3 ' i p rd pacing the
A R A s P
wi t h the infornetiorfor mudbile gtasivad thanare wapablenofrdiregecopimemicationt asdi d ot her

nmobi | e stati ons. ) i T
determining whether the neighboring table on the at least one base station lists

address information indicating that the first mobile station and the second mobile
station are capable of direct communication between one another, and whether the
first mobile station has a link condition to the second mobile station above a
predetermined threshold, the link condition being a received signal strength (RSS) or
a signal to noise ratio (SINR), or a frequency offset, or a time offset, or a propagation

delay, or a combination of these factors.

4. The method according to any one of claims 1-3, wherein identification for
communication and flow comprises a station id (STID) or a connection (CID), and the

the STID or CID is assigned to the direction communication link.

5. The method according to any one of claims 1-3, wherein allocating resources for a
flow between the first mobile station and the second mobile station comprises:

sending a dynamic service add request (DSA-REQ) from the first mobile station
to the at least one base station, the dynamic service add request including address
information corresponding to the first mobile station and address information
corresponding to the second mobile station;

reserving communication and flow identification, and resources;

bsending, from the base station to the first mobile station, notification that a direct
communication service flow is going to be setup between the first and the second
mobile stations;

communicating the reserved communication and flow identification, and
resources, to the second mobile station;

sending, from the at least one base station to the second mobile station,
notification of the dynamic service add request (DSA-REQ);

sending, from the second mobile station to the at least one base station, a dynamic
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service add response (DSA-RSP);

sending, from the at least one base station to the second mobile station, a dynamic
service add acknowledgement (DSA-ACK);

communicating the reserved communication and flow identification, and
resources, to the first mobile station;

sending, from the at least one base station to the first mobile station, notification
of the dynamic service add response (DSA-RSP);

sending, from the at least one base station to the first mobile station, a dynamic
service add acknowledgement (DSA-ACK); and

monitoring the reserved radio resources by the second mobile station for a

synchronization signal.

6. The method according to any one of claims 1-3, wherein allocating radio
resources for a flow between the first mobile station and the second mobile station
comprises:

reserving communication and flow identification, and resources;

communicating the reserved radio resources to the second mobile station;

sending a dynamic service add request (DSA-REQ) from the at least one base
station to the second mobile station;

sending, from the second mobile station to the at least one base station, a dynamic
service add response (DSA-RSP);

sending, from the at least one base station to the second mobile station, a dynamic
service add acknowledgement (DSA-ACK);

communicating the reserved radio resources to the first mobile station;

‘sending a dynamic service change request (DSC-REQ) from the at least one base
station to the first mobile station;

sending, from the first mobile station to the at least one base station, a dynamic
service change response (DSC-RSP);

sending, from the at least one base station to the first mobile station, a dynamic
service change acknowledgement (DSC-ACK); and

monitoring the reserved radio resources by the second mobile station for a

synchronization signal.
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7. The method according to any one of claims 1-6, wherein synchronizing the link
between the first mobile station and the second mobile station comprises:

transmitting, from the first mobile station to the second mobile station, a first
ranging code;

adjusting a timing on the second mobile station based on the first ranging code
and,

transmitting, from the second mobile station to the first mobile station, an

acknowledgement in the form of a second ranging code.

8. The method according to any one of claims 1-7, further comprising providing

frame synchronization.

9. The method of claim 8, wherein frame synchronization comprises transmitting
preambles at the beginning of each frame from the base station or from either the first

mobile station or the second mobile station.

10. A mobile station for performing direct mobile-to-mobile communication in a
cellular mobile communication system, the cellular mobile communication system
comprising at least two mobile stations and a communication network for providing a
communication connection between the at least two mobile stations via at least one
base station of the communication network, the mobile station comprising:

a transceiver configured to perform communication with other mobile stations;

a detector configured to perform neighbor discovery, report the results of the
neighbor discovery to other stations, record the results from the neighbor discovery
including any transmitted address information, and using the recorded results,
determine the feasibility of direct communication for a given mobile station; and

a synchronizer configured to synchronize a link between the mobile station and

another mobile station.
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11. The mobile station of claim 10, wherein the synchronizer is configured to transmit

and receive ranging codes.

12. The mobile station of claim 10, wherein the synchronizer is configured to transmit

and receive synchronizing preambles.

13. A method for performing communication in a mobile ad-hoc network, the method
comprising:

initializing a first mobile station into ad-hoc mode;

discovering whether a suitable existing ad-hoc network is within range of the first

mobile station;

joining the first mobile station to an ad-hoc network by having the first mobile
station join the suitable existing ad-hoc network or by designating the first mobile
station as a coordinator in a new ad-hoc network; and

communicating with the second mobile station from the first mobile station using

the ad-hoc network.

14. The method of claim 13 wherein discovering whether a suitable existing ad-hoc
network is within range of the first mobile station comprises:

listening on an air interface with the first mobile station for a predetermined
period; and

determining whether activity on the air interface is from an existing ad-hoc

network; and whether the existing ad-hoc network is suitable.

15. The method of claim 14 wherein discovering whether a suitable existing ad-hoc
network is within range of the first mobile station further comprises: setting a network
discovery timer for the first mobile station that upon expiry indicates that no suitable

existing ad-hoc network is within range of the first mobile station.

16. The method of claim 14 or 15 wherein discovering whether a suitable existing ad-

hoc network is within range of the first mobile station further comprises: selecting a
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random-back-off period for the first mobile station before reattempting to discover

whether a suitable existing ad-hoc network is within range.

17. The method of claim 14-16 wherein discovering whether a suitable existing ad-
hoc network is within range of the first mobile station further comprises: sensing and

transmitting network discovery messages periodically.

18. The method of claim 13 wherein designating the first mobile station as a
coordinator in a new ad-hoc network comprises comparing the media access control
(MAC) address of the first mobile station to the MAC addresses of other mobile

stations within range of the first mobile station.

19. The method of claim 13 wherein designating the first mobile station as a
coordinator in a new ad-hoc network comprises comparing the number of other
mobile stations within range of the first mobile station with the number of mobile

stations within range of each of said other mobile stations.
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