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(57) Abstract: Missed voice stream portions are replayed at a late entry subscriber device (SD) in a wireless radio network The SD
joins a voice call on a radio channel via a base station and detects that it is late to the call. The SD continues to receive a remaining
portion of the call and plays back the portion of the call. The SD detects an end of the voice call , and (i) transmits a request mes-
sage including an indication of a first duration of the portion of the call received or (ii) detects a similar message from another SD.
The SD then receives an indication of a total duration of the voice call and calculates a third duration as a function of the total dura -
tion and the first duration. The SD receives and plays back the missed portion of the call for the third duration.
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AETHOD AND APTARATIRF
i

RO STREAM PORTION AT &

%
P

Bag

CORROEINEFOF THE BOVENTIN

0001} Radio scooss nobworks (RANS) prorvidde Ror radhier ooonomumuogtion Baks o be
srvangsd within the network betwesn g pluvality of user foeoninals. Such user terminals
v be mobile and may be known as “mobile stagons” or subsoriber deviess.” Al

{oust omer othey ovminad, og wead i compunation with subsertber devicss, mav be s

fixed formnal, oog o base siafion, eNodeB), repeater, aadior gooess potat Sachia

RAN i}:‘picﬁﬁiy md dos 2 seatom mirastruchure which genseally tncludes o nitwork of
vavions fived ferminaly that argcin divect radio conumunication with the subsesiber
dovioss, Bach of the fxed terpunals oporating 1o the BAN msy have ome o more
transosrvers the may, B example, serve subsentber devices i o given region oy arsg,
Loowwn as & “cell o “site’, by radio frequency (RFY communtication. The subsoriber
devices that are i divect communicaiion with 3 particudar Hxed terminal ae said fo be
servast by the fived toronngl. I one exanple, sf radio wovanmenications 10 and from
each subscriber device within the RAN are made via respeciive serving fixed

ferpanale Sues of neighboring Bxed termunals mgy be offset from ove another sud

may b notroverfapping or partindly or fully overlapping with one aiother,
OO0} RAN: may operats sooonding fo m imﬁ?usi'r}* standaed fand miobils EMRY
o cethular protoced such as, for example, the Project 250P23) standard defined Iy the

Assoctatton of Pablic §

oty Comurnuneations CHfioady Internationad (APCOY, o
othier vadio prodoools, the TETRA standard defined by the Buropsan
Teloconsnuniontion Standards Insiiaie (TS, the Digidd Privats Mobile Radio
(IPMR standard also defined by the ETSL the Dipitnd Mobile Rudio (DMRY standand

also defined by the ETS v the Long Term Evolution {LTE} protocad including

wtd nedia broadoast suducast servicss (MBME), among many ather possibiiite

0 afiong i acoordanos Y O ors of thess pandoonds o
B3] Commumicaiions iy acoordunes vathy sy one or move of e protoosds or

standards, or other protocols of stasdieds, may take ploce over phesicyd chamnels i

accordsmes with one or more of & TDMA {?ime- divizion mudn pie: soosss ), FRMA
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P

rudltiplexing scosss, o COMA {onds division multiple aocess) provtoonds. Subsertbsy
dovices i RAN: such s those sot forth above sead sod recsive voive strammg
fenrcoded porttons of voiee, ;mﬁm-, andior amdiofvideo streamsy i g ol i socordanice
with the designated pratocol.

0804} LMR svstonms may operate in shiber 8 conventionsd or trunked configuration.
In vither configuration, o phaality of sobsoriber dovices are partitionsd ngs separate
wroups of subsoriber devicss. I g comventiongt “smn each subseviber devics in g

grvup i sedvcted toog particular frequeny o

subscriber devive’s group, Thus, each groug s sevvied by one chanel, and sultiple
groups oray share the same single Frequency G which case, b some exabodinments,
group 10 mure be prasant w the group dats 1o distinguish betwssn groups using the

sane shaved fregueney)

zmﬁ,‘ﬁc chaonals fm vivtpadly s unbimited number of groups of subseriber dovices {Lt
tatkgronps). Thas, all groups mye served by gl chonnels. The munked wadio sysiam
wigks 0 fake advardags of the probabilite that nod gl groups pesd 3 wailic channgd

for commnosieniion 81 te same b When @ momber of 8 group reguessis acall on g

cortiral or rest chaneed on wiuch all of the subsortber devicos n the svsten idie
swatting rew call netificaiions, n one embodinent, a call controller sssigms a
separate ratic channel for the requested group call, and &l group members move
from the sesigned contal or rest channel Lo e assignad trefiie chanped for the swroup
cafl. In another smbodimend, when 8 member of & group requests g oall ai s ool
of rest channsd, the call contradlsy may conven! the coairol or rast channs! on which
he subsoviber devices were whing to a traffic chaaned for the call, snd instruct sl
subseriber devices that sre not participating i the new call 1o move to anewly

seatenad contral or rest channe! selectad from the pool of avaiable channels. Wb a
wiven numiber of channels, & miuch grester mumbey of groups can be avconunodatsd in
a tromked sysion o oompared with convantional radio svalens,

H0006] Individual foog, o 1o oied oF groop {0, o o msre | oadls may beopade

hatwosn wirsless md far veirehing participany in seowdance with the narrowband
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Tk

profcol of standand. Group msnsbers for group calls may be statically wr
dyruonically defined, Thatse, iy u Bref example, 2 user or adminastrator working
habalf of the weer waye indhoate o the swiiching sdfor vadio nebwerk {perhaps at a
confrodler device, such as & call conroller, PUT server, serving gedewsy, radis
wdwork controllsr (RNCY, zone controller, or mobile managoment entity (MME},
base atation gontroller {BSC), mobile swiiching conter {MSO)L stie comtrofier, Pad-
it

of the eslt or in advance of the call. The group members {e.g., subsoriber devices}

to~Talk covdrolier, or other netveork deviced a list of participans of g groop o the tne
eonadd B provisionsd 1 S notwork by the user of & aged, and then provided sonwe
Sorne of group Wentity or Wdentifier, v example. Then, at a future time, an

STIEITTNG USOF I & group Ay csuss somw signaking to b ransutivd indicating that

=

i or she wishes io establish a convrusiontion soxsion {o.g., group call) with exch of

the pre-dusignated paricipans b the defined group. In another svanpde, sobsanibey

devices may dynwoteally aflthiste with a group tand also disassociate with fhe grown

porhaps based o user iy, and the switching snddor vadio sstwork may traek group

mrnbershiyp snd mane new group calls ac i{srﬁmg to the current grouy menbendhip,

msy erder an ongoing sroup oall late, m.iss:i 2O OF FHONR ;m;ﬁ;‘; onzofa mim: styeamn

R

1 a voice wadl previously pransmitied v ¥ radio Hok due o sy number of fBoas,

inchuding hat ot Boadted to0 the trgst ST coming back into range after boing out of

A

ravge, the vemoval of g prioe wievforer withan the nwmge of the target 8D or the base
staticey serving the target 83U, the avoidance of 2 prior geagraphic feature sach & 2

butdding, ), oy tonnsd S teporanly blocked cranmurmoations between the farget

ST and e serving base stoion, the terged ST povesring ap at or affer g e the oall

started, of other user action ot the target SEsoch as the swapping out of hatteries,
Conventiomally, the user of the Iate sniry target 3D nwy Haten fo the renwingder of the
vodee call snd, dwing call hang e, Key o and ask the source 5B neer 1o repeat

what wis missad. In other stiuations, the user of the late eotry tvpet S may sttempt

to ivake sense mwlior intorpest the conlont o et of the vodoe call astng only the

recetved portions of the voice sipeam,



WO 2016/179756 PCT/CN2015/078593

[OOBS] Situaions may srise, howarvsr, where the missad poriions of the voice stream

of the voive call are criticad commumications that may lead o wdennsd consequences

i ot soonrately and fully rendered ot oll roceiving 8Ds. For example, s sttustion may

o knowen droctural wases with the borbding's sooll 1E] due to one of the silnations

poted ghove, s target S of the commumoation regeives everviling i the volee

COBSRGUENIOSS gy result
09 Accordinghy, what is neaded i3 an wproved wethod and appavates fer

repdaying & nussad vOICR SERam poriion at ore o more late enty SDs in a voite call
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BRiey EMSCRIFIIOE OF THE SEVERSL VIRWE oF THE DRawt

HHRO The acoompanving Heures, where ke relivrence monerals reler to wonbieal ov

sibny with the Jedaitad

fumctionally similar sloments troughont the sep

desoription belove, are incorporaiad i amd form past of the specilication, and serve o

further flustvats syabodivoeniz of convepls thi includs the clatmed Wnveution, and
explain vanows principes and advaninges of those embodinmants,

I PTG 1 in o block diagram of 8 conunpmioations neteork i aceondanes with
s embodimends.

] FIG. 24 g Mook diggram of an infrasiruciurs contrader dovics in goomdancs
with some smbodimenis,

I013] FIGE 3 15 a Mook disgram of o subsoniber devive i sceordance with somse
sinbodimens,

[B014] FIG. < i3 a Bow dingram illustrating proossses comad out by the subsoribey
device of FIGs. | and 3, i sovcrdance with an embodiment.

JBOES] FIG 3 i3 2 tiing diagram dlastrating lae entry of beo subscriber devices o
an engobrg volee eall, iy gecordancs with gy embodiment.

HHREGE IO o0 o tinung dmgram dlustrating a re-plaving of & missesd voines sirenm
pontivn of FIGL &, i socordancs with s smbodiment,

[B617] FIGL 7 15 a How dagvam flostratiog processes carvied out by the inltasiracture

contrdler devies of FIGs. 1 and 2, 1 accordmwe with an endbodinment.

[0618] Skilled artisans wi

ity and clanty and have not necessanty boen doawn to sedle. For examply, the

appreciate that slements 1w the Spurss ave Hlusirated Ky

dimemsions of some of the elements i the Dgures may be exaggernged relative io

ohier sloremis to halp & bngrovs pndarstioding of soboahinnsits of the presert
U SHORn,

[0T9] The spparahss snd method components have beon represented where
spproprige by conventional syrubals 1w the drawings, showing onby these speailic

oty that wre pertinent o undevstanding the swmbodiments of the prassat invsation so
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A% e to abscure the disclosure with deistle that will be readily appansat 1o those of

ordimary shall 1ot art having the benefit of the dexeription heran
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DETALLED DESCHIPTION OF THE INVERR

0020} Discloged 15 an improved mathod and apparatus fov replaving 2 missed voic

ST poriion B one oF oo late eulty SDs 31 8 voioe el

2] In one embodiowet, g method For replaving 2 mussing vodce stream porlion at a

late entey subsoriber dovice i a wiveless rachio vatwork includes jolning, by g

subsoribar devics, 8 answsisied voice call on 8 radio chanmsd vis o bass giaticn of the
wiredens vadio nobvork sl deteeting, by the subaonber device, thay it i e to the

vodee call and mussed o portion of the vooe call thal way transeritied prios o the

subseriber device joining the volce call, continumg, by the subseriber devive, o
Iy

reosive A remaining portion of the voive call and plaving back the remwiniug portion

i X

fransnuiting a Gt lsfe g

e

fransamssion of the wissed portion of the voece call, the first lale onlry regquest

mssage including an indication of & first dusation of de romaining portton of the
vinee call received o the subsonber device and 1) detecting travsenession of & second

{ate snlyy reguast message from another subsoriber devics reguesting re-lransmission

of & seponsd wss

§ portion of the vaice call, the s LY veguesl mess

invhuding an indiogtion of g second duration of x‘anminmg povtion of the volce eall
revsivad ot the ancther subsoriber devies shorser than the Dt dargiion, rsosiving, by
e subsoviber device Brom the bage station on the radio chanss), sy indicsbion of &
fotal duration of the voice cadl, caleulating, by the subsenber devive, a third darstion
g a funcion of the oiad duration and the Brst dursion, and recsiving, by the

subscriber device via the radio channel, the nussed povtion of the voive sall and

plaving hack the nussad povtion of the volce call for the thivd duration.

0623 In svethey evnbodinent, a sebsenber device fur ,:"e{;:s'i ATV & PSS Yo

whidew

i sidio setvwork

2

CHIE OF RN Tanscsivers, oue of a spoader and display, o dada stong, and one of mone
provessors condigored W joirs, vin the one ar more tanseaivers, & ansnitied voige
el on g radio chad vig o bhase station of e wirgless radio network sud detect tha

it i Iae 1 the voles el ansd odssed 2 pontion of the vodos call that was wansminted
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pring o joimng e votve oall, continue 10 recsve, vt The one OF s WAnscivens, §
R HT ;msrmm of the vodee ool and play back, vin the one of the speaker and the
display, the remals urgg gm‘s‘&i(m of the volvs call, detet an end o the votee call, and

trssoeivars, a Drst e enty

reRpeeiively

ragoest mmssage o i}n, base statton requesting re-transmsaiat of the sussed portion of

the voice call, the frst {ate sntvy reguost messags moluding an indication of g G

duration of the rematning portion of the votee onll vecsived and (1) dedect, via the one

OF MOre (rsnscetvery, ranenmssion of g second Inte sniry regusst o

sage from

antether subson by dovics requeshing re-iransamss

sy of & second wmissed poction of the

g

ate autry vequest message includi

tate,

vedoe oall, the secm g v irncrostions of 3 second

duration of & reainiug postion of the voive call recetvad gt the naber subscnber

davvioe shorter thae e fest duralion, revsive, via the one oF More WENSCel e, an

indication of & total dovation of the voiee call, calenlge o thind duvstion & 8 function
of the otal duvation and the Bt dorgtion, aod recatve, vig the one or o

trascetvers snd the radio channel, the mussed postion of the votee call and play back

the neivssd portiser of the voive call for the thind durstise,

ke

23T I aosull fusther embodiment, & process Tor snalding o replaving of & missing
VOIS sirena portion & Lte ey subsoriber devies i a wireloss radio netweork
nchudes: cousing o b ransoitiad, by an nfrastrocture condrodlie, a voice call to s
pluvality of wivaless subscriber devices i the wireless radio nebwork on aradin
channel, storing, by the infrastruciure contraller, e volee call and delermining a totad

duration of the voice @l detscnng an end of the vonos vall snd pransmoitiing, o the

s, an ndication of the end of the voice

3

call, recedving, Tromy orms or movs i sotry s wireless subseriber devic of

the plurality of target wiredess subsonber devices, indivationg of receie

duarations of the votos ol 3t respective ones of the kale entty tangel wirelsss

suhsoribar devices, identifving & mivdman recarvad duranion sat of the Gos o pwe

indications of recetved dosations of the voive call, calouiatiog » thind duration

=

fvction sd the todad duration aad the minimun rseeived duration, sud causing & be

re-fransadled, by (e andrastracturs controdler, 3 missad poation of the voive call o
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tha o oF wore ek sty wirsless subsoribses i the wivetess radio ostwork on the
radio channed o the thard dortion.

2] Rach of the above-mantionsd embodiments will be discusssd in mowe detal
below, starting with sxample network sd dovies schitecturss of the svetem i whigh
{he smbodinments nay be practicnd, followad by s ihatraticer of processing stops and
ISR transnussions abior raceptions for achieving vepleving of & missed voice
streant portion from a subsonber device god front ao nfrastrocture contvoller deviee
porspective. Further sdvantapes and features consistent with this disclisurs will be
et $hath i the following detmlbed deseripiion, with reforsnce in the figures

[OO2E] 3. Netweork Architecture mud Deovice Structure

[E26] FIG. T illostrates v conwpunications notwork 10 including cliont subsonbey

devices fag, 31 12, 93, 53, fined teominad 20 {e.g 2 repogter, fase ransoeive

station (TS ) ov eNodeB, hersnafer refirved o a8 3 hose station (B8, wirgdess
link{s) 14, backbaul network 24, radio conirodler devics 36, stovage 28,

CORDITRNRCatoNS covmections 30, 33 36, dispaich console 38, and extornal networks

34, The B8 30 bay at least two radic fransmibiors coveraig 8 radio coverage cell {not

-

shoand Oueor soverad S8 12, 42, 52 within radio covers

e of the RS may oo

o the BS meing & wirgless compausoation profocsd via wiveless Hnkisd 14 The Shs
B2, 43, 32 wmapy covnmmmnoste wish cach othey, and porhaps other devives sovsssible
via ofher network Haks, using g proup comumrHoating oaload aver the wirgless
hnkis) T4 The wiredess Hok(ed 14 may inclode one or both of an uplink chusned sad &

devendink channdd, sad sy molude orse or niore phyesical channels or Jogicad channels.

W) T4 may paplonsent, for example, & ooprventional or trunbed land
mohile radio {LMR) standard ov protocol such ay ETRI Dhgiiad Mobile Radio (DMR},

Frojeot 38 (P23} standard defined by the Associgtion of Poeblic Salety

Comaumications Officialy Indernaiional {ARCO), or sther radio proteends or standands,
In cther embodimends, wirsdess link(s} 14 may mgdement 1 Loag Teem Bvaldution
(TR protocol inchuding multimedia broadeast molioast seevices (MBMS). Other

types of wirshess protocdls could be implamented s well,
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FORT] In the sxample of FRA 1L wiradess Binkex) 14 goe sxiablished bebween §Ix 13,

A2, el 32 and BS 20 For trprmoisaion of 2 SE o other deviee-sowrced voles eall
incdishing a voioe stream (e, formatied bovsts, packets, messages, frames, e,

contmning digtized rudio roprosenting a portion of an exdire Call, amoeg other

posxtie signaling andéor other pavioad datad to ome or mon target devicey, sueh ax
05 13, 42, and SD 32, perhaps belonging o g same subsoribed gronp o 8Ds sy the
sonvee ST ovdevice. The ferms “volee streme™ and “votce stream porion™ are a

urendad fo be limtted © voice-only Commurnostions, bat rathey, 0 ombaody gl

possible digiieed audiodvisusd pavionds, mchading but sot Baabed 10, vouos, audio,

N

sndinr audiodvideo v vodce vides nudtiplesed strams.

OOB] Wirsless Binkix) 14 meny be halt dupdax o Sl doplex, sud may mehude 2

unizaad, nwlticsst, o broadeast uphink chunmel for nmemifting 8 voive call frama
sores RE oy ot wivedess device device inot shovend to the sovving BS 20 andior for
fransimitting requosts Trom $Ds 12 43, ov 32 For miasing voloe stvoams poviions,

(OO Wircless Hnkiz} 14 may further inclade 3 nlticast or oadeast downlink

radfic channe! foy transmitting the vodos call (o 8Ds 12, 42, 82 that ave pardied {0 e

voroe call via the serving BS 200 Winle only asingls BS 20s ilustrated m FIG

serving & group of SDs 13,42, and 32, additional BSs sorving additional 8L

wadder the oomved of the congrotiar divviee 36, vaay be provided in additional o

alternative ambodimends. Thye uplink aed downbink chanoels niey be paired channsls

allocgted o a wngde call or pronp of 3Dk, or uopatred channels separntely allocgted
for the voive call or group of 805 The uplink snd deraniink chanmels may be

conventicng channels pormanently s

s 10 3 proap of S thar inchude 3Ds 12,

43, and 52, o may be a trunked adlic channed or MBMS chamnel tempovandy

ned o the group of 81 for the purpose of conducting the vorce calll In addition,
wirgiuss Buk{a} 14 mav inchade 2 separste convtro! channsd aphink andier downdnk Ry
transmitting call reguest and call grast messages and for allocating nmked watfic

charweds for vosee calls, among other functions. Other tepes of wircless baks sad

sonunnicaions sysimm architectirss are possible as wall,
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i
O30} The S0 12,42, 52 nwy be configurad with an sdanificating refsrencs tsnch

ax an International Mobide Subscriber Ideatity (IMA) o MAC sddvoxsy ohich vy be

b wnedia (such ag o Subscriber Bdentny Modude (SIMD cand).

corvected o a physt
Each SD 12, 42, 53 mey be o group compapncatime devier, suh 88 a2 pushedoaialk
{(PFTT) device, that i normadly mauntasied v 3 swsster only mde, and which

switches o 8 traveatonly mode {for haltduplex devicest or transoit and receive

mode (o ﬁﬂ?i«iupim dovices) u;nm x‘km swston of aetivation of a PTT in;mi sewikch.

meenbers dsuch as 8Ds 12, 43 53 sssocited with a pammi ar group of SDs at the
stte e, o the example sot feth i FIGL L 508 12, 42, and 32 are membes of 2
Hirst grony idongified as 3 A

0031} Although only one group of three SDe s tHastrated w PHE L the present

disclosure bonot lntied o such, and more or feveer groups, $Bg and BSs could be

wsed W ey particshy haplomentanon. Furthenmore, while a gz’.n_giﬁ goasteolier device
26 3 dlustrated w FIG. 1, onore thay oo custrolier device 26 may be wed andiw a
distribusted controbier device 26 vy be used that divides Rnctions somss nudiiple
devices, perhaps for load balaveing reasons. Finglly, while storaee 38 ix Hlustrated as
diveetly coupled to controller devics 26, storage 38 mav alsn be disposed remde from
contralier device 2¢ and sccessible fo controlier device 26 vig one or more of network
24 pndior exiernal nepworks 34

X

FEIRCE 4 and ca‘m‘xrﬂumaai‘iﬁmﬁi cognenting 3G Natwork 34 mav conpeine one of
move BSs, rowters, switches, LANs, WLANs, WANs, acoess pownds, or ofher netwak
afrastructure. For sxample, controller dovice 26 may be accesaible e BS 20 via g
dedivaied wirgdine o vig the Intemet. 1o one example, BE 28 may be directly couplad
o condndler device 36 via one o morg internal haks under coustrod of a single

H

FUT sevver, rong orntrolier, svolved packel cove (ERC), nwdale managsment enfity

R

communications network provider. N

ehwork 24 may forther include a call controller,

£

{MME), radio natwork controlisr (RNCY base station controller (BSOY, nmohile
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switching center {MEC), site controdlsr, Push-toTalk contralisy, or other netwiask

device for controliing and distribnging voice stremms amongat SO via roapactive BSs,
3] Controdior devios 26 mgy by separate device m the infrastrocture of the
conununications nefwork 10 configurad to sid in replaving rotssed voice stregm

portions for Lae entry SDs. For warnpde, and in oo sonbidimny, de (nfrasrichusg

corstraller devive 26 vy be configurad 1 store {perkaps via stomgs 28} copieg of
vece streans fov vaice calls travenaiiad bebwesn SD¢ i the comynunications network
1, and to subsequently respond o 8 regquest to Tl & nessing voloe sivenm mation
e taraet SIk As mded above, controller devive 36 functions may be coupled with
or inchaded i other devices i the network 34, 1 which caze controller device 26 msy
be asone controllen, PTT server, or the ke

] Storaps 35 mawy Tunction © store decoded digtally encoded voive oF fiomatied
vidos streams hemselves from frapsipdited volce colls ooy with vanows mappings

that sdeniily a sowrve of the voice date sad, W sot already incloded i the voioe datg

when stored, s chvonolomcal identfier, such as e sigwps ov 3 Jurstion valus that
idsvtifies & duvation of exch voicecall. The storsd voive date andty prappingds) can
e b wsed by the coroler dewics 26, in one ambodimment, o RAH reguests for

MUSSINY POA0E strsam parhion,

FOR3S] The ous<n-muEy group contnanicaiion situciure voay be inplomengad in

gonmnaeations nefwork 16 in g number of ways and asing

(8

ANy GHE OF MOrS

messagng protocoly, inclodimg medtiple enicast transmissions (each addrassad to a

single group member SBH, single nultionst ransaissions {addressed 0 o single group

Protd

o itipde gronpy) 2 Broadegst ansnsssiosts {the rogdosst tranmpisaiog

pevhaps including one or more group identifiens that con be decnded and matched by
1‘h§3 recetving $0s), or any combnnation thereof
HHE3G] Exioomal networks 39 may alvo be socessible o BS 30 (and thus SDs 13, 42,
Sy via network 24 and compumcations conssction 32 anddor controlier devive 26
and COMMURICAONS coskvections M, 36, Extamal networks 34 mayy ichode, for
sxawnpls, a public seiichad tolephone netwaork (PSTNY, the Intemet, or another

wirgloss service provider's network, saong other possibilities
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[R37) Dispatch console 38 muyy b divestly couplad to controdler devios 20 a8 shown,
o may be idivectly ormysded 1o controller device 26 via one or viore oF netweark 34

s extenad vebwaorks 34, or sorne other netveork devies W network 240 The dispaich

congede 38 may provide an admimstrative of dispaich access o 38 12, 42, 32 aewd

rodber device 26, and allosy an admspstraios or dispatcher fo mibiate

ufrastructure-sowrond gronp connnuications o groups of 8% 13,42, 32

. inchading

the storags and Aalfillment of missing votee stresn Ragtions provided by controller

device 26, amony other Features and functions,
HHIGST Refering to FIG. 2, a schematio diagram dlusirates 3 controller devige 200
according o some enthodinmgs of the present disclosare. Contvoller device Y nuay

be, for exumple, the same as o sevbar 1o the controdlar devie 26 o FIGL 1L &

Frin

slueway i FHG 2, controdher device 38 inclodes 3 omrmanicatings unig 203 ooy

163 & eovmmnon deta and address bus 217 of & processing w203, The controlhy

devioe 300 may also wolude an inpud anit {o g, kevpad, potnting doviee, olc. 3 206 and

phad fo be by connamuuestion with the processing

s display sovesn 203, saxd

wini 303

[O038] The procesuing wt 203 may nclude g code Read Ounly Meamary

covgted o the common dats and address buas 217 Tor sloring data for initializing

system cornponsats. The provessing w303 nuye furthey mchads 8 ltroprocsssor
213 conpded, by the comupon daty and sddress by 217, 10 & Random Access Memuory
{RANM 204 and 2 static messory 215,

HHMOE The commnuncations wal 202 may nchade one or more wived or wirsless

B connrisicate with netwiowks

inputioutput (100 imterfaces 204 that arg confipurabl

24, 8D 13,42, 32, external notworks 3, dispatch consoles 38, anddor storage 28

The compnenostions uwnll 282 may molads oo or s wirelees Fmseehvers
such ax 3 DMR ransceiver, g PES transeetver, 2 Blustooth transestver, @ Wk

fravseeivey perhags opersting n avcondmos with s IREE 8021 stadand {e g,

SO Ha, BOZTED, BOX Tiak a WM AX travsciver porhaps oporating W accondance
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o acddittonadly or aleonatively inchads one or morsowireline mnscsivars 208,

such ax an Etherss! tmsosyver, & Dotversad Sesid Bus {UISHE) transcetver, or sinulay

{ranseatver condy gm.ﬁ}k {0 connnunionts v e twvistad p x&*%m, g eoaxidd oo, &

tramacervey 208 @ alvo »z:a-asgi&d o a combined modelator'demodidator 214

043} The mivroprocessor 213 hag ports fr oompling (o the faput wil 206 and o the

display soreen 203 Sutic memony 216 yogy store opsrating code For the
mragroprocessor 213 that, when executed, performs one or more of the enntroller
device processing, anspuiing, ankor recsving steps sef forth i FiGs, 7 and
accompaying et Slatic mevoory 216 pray also store, permasently o tenporanily,
udormaton disclosed hersby as balng storad gt controfber dievios 200 andior stowage 3R,
wchuding but not Hindted {0 voice stremns, sasockaiad durstion information, sd S0
group membership information, among ey mlormatiag,

2] Static memory 216 may comprise, for exanple, o hard-disk ditve (HDTY, an
sk (BVIR

optical disk drive such s a ovngact tisk {CDY deive or digital versatite
drive, p sodid state drivs (880, 2 tope drive, a Hash mamore dibve, or 8 taps daive, &
funne 8 fow,

R3] Refernng o FIG 3, a schematic digram Hlustrates an §1 300 sooording 0

sonnie snbodiments of e prosent disclosure, §0 300 vy b, for svample, the same
a5 o sint e to the S E2 of FHG L Other 31 such ax 50 42, 32 may contain same
or sivuler stractures. As shown in FIG 3, SD M8 comprises 8 radies frgqueney
comrancations wnit 302 coupled 13 2 conmmon data and sddress bus 31T ol n

and a displae sorsey

Thae 51 368 ey alzo melude an mput |

»

sing wnit 303, A nuorophone

335, each coupled 1 bew comnupnestion with prog

320 caplures sudio rom g user th & lurffey vocoded by processing anit 303 and

ransaniied a8 voron stream data by commumication wut 302 to ather Sk andior othey
devices i the network 24, & compunioations speaber 322 reproduces awdhio tha

decoded from vorce stremny of voice oally reostved from other SDyx awior from an

infrastroctore devive via the corvnarications wat 332, Display seresn 3



WO 2016/179756 PCT/CN2015/078593

oo
K7

reprinduce e or videe dita decoded from displyy misdia sccompanyng the vl
stregen recotvad froe other S via the compmenientions wat 32
] The processing el 303 may alse mchode 8 code ROM 312 Yor stoving data for

initiding svstem compongs,

eropreesser 33 congprled, by the comppen it and alidrags Dus 3T o s RAM 3

sod g statio ooy 3o

OS] The nubio Trsqueney compumications wnit 303 15 a combnned receiver (i

recarvers) and tnwsonier (of pansouiters), ag., ransosver{s} 308, having a common

sntenna 307, I some embodiments, addintonal separate or shavad antenoas may be

provided for each one ov wore avsiiter andéor recetver, The vadio fregoeney
connnaicaiong wat 302 has the anscsivar 308 coupled B the sutonns 307 via g

raglio Emgnmm :zmpiti oy 3R The anaosves) 308 may inchuds 3 ransestver
franseaiver, 4 P23 raowondver, o LTE transeeiver, 8 TETRA transeetver, andior odbee
tepe of wirslsss trusestvay configurable fo conmmunionte vig o windless watwork,

I

’1/1

Other types of standands and profocaly we possitde ay well, The transesiver 308

‘dernodulaiy 318

also couplad o combined modulao

a6} The microprocessar 313 has poris for coupling 1o the inpad 306 and to the
dizplyy sovsen 303 The microprovessor 13 Turfey has podts for soupling o the

nuorophone 33 and to the speaker 322, andfor other 'i.ﬂ._;‘}'uﬁi and m;:irgmi devices. In

\\cum,\ %n thee mmmpm\cmm
333, _giez‘i’s‘;aﬁw o of o of the 5D provessing, fransmitting, andior reoesiving steps
set forth in FIGs. 4-6 and sccompaaying text. Staiio merony 316 may congise, for
sxamnple, a HOD, seooppical disk drives soch e 2 O devve or DV drive, 2 888, 2
ape dvive, @ Hash memony ditve, v 3 tape dutve, 10 naow s fow

{150 I Processes for Replaving o Missing Voice Steesn Portion

FO048] FiGs, 4 and 7 ot forth respective How diagrams ilustrating example procesaes

200, 7

Fivn @ comagostions netwark, such g conwnunicaiions network Mol FIGL 1,

S replaving ¥ mussing vodog streant portion from an S and frowm an e
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£

conroller device perspettive, respeutively. OF course, additional steps, receptions,

anddor travsssions not disclosed herein could be additionally added before, after, or

in-botween stepg, teceptions, andfor transmissions disclosed in FIGs dand 7, aod the

presencs of such additionsd steps, receptions, andfor ansmissions would not negate
the purpose and advaniagss of the examples et Burth i dete! Guoupboud the

repinder of hus disclosire. FlGs 3 and 6 st forth g Qagrams for ase in

further ilastvating pactioutar stepe of the processes SO0, 700 with respect 10 an
exwnple repliving of & nussing vosog stream poriion amwrgst i

of FIG.
R PTG 4 illostrates an axample igocordance with an smbodiment for g
replaying of 3 missing voioe stream portive fom the pespective of & late enry S0,

such ax B¢ 42 o 32 of FIG. 1 1o some sanbachivnsws, ondy oertan svpes of calls,

stch gy snergenoy cddls Owdich are mgnaded s such in the el seguest andior
ervbedded within the cally may be provided the corresponding abilily 1o replay
NEENNR vores strsamy prvtions, while weev-omergeney calls e s, Other types of
selegive spphications are possilele as wadl

(0050} Starting then o step 402 of FHE 4, alate enny 5D jobns Tate 10 @ ougoing

groug volee call on a dewnliod radio channel, for sosaple o downliok radio channd

of wireless hnkix) 4 o FIG. 1, and dotects andior ofunwins determines thiat it has
miased @ voics stream poviion of the newly joined cogomg voise salll The downlink
Tt

& radio chunned o which the 3D s ooy

vadio chransel may be a conva

ule, may be g innked madio channsd temporantly assignesd {or the ongoing voioe call,

of sy De an MBMS madio channel temporanty assigned for the vouce call, among

other possibilinies. Furthermore, the dowahind radio chanoed may be g Gest fime shint
channel of & ondt-slof e division nudiiple scosss (TRMAT radio link, mav be s

first frequensy channsl of 3 mudtt-lregussey f;equmm divisien pralipls sooess

(FOMAY svston, or may be o subuarrier in an erthogonsd fregueney division

o tipleking soeess (OFDMAG sy

ont Other poasibilitios exist iy well.
FOGST] & sowrce of the voioe ool may be snothey S in the s wirsless

comPEIcHion syxiom as tee late entey SO, another 5D i s Biforemt wivelvss
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conununCRon systenm as the lale entey S0 bt compumicaiively Hnked (o the
wirplons compnusication svsteny of the dofe entee ST s ifiagtroctore devics sech @
s dispatch covsols in the wareless commurogtion systen of the late sutry 8B o

some swher source devics. The source device caphurss 18 user’s vidcs, surroud

audss, sndior surromnday anhio’ides {eg, caplures a1 media streany oF retueves
pravicusly stored worce, andio, andfor audindaden g, loads aoatorsd madia steaaang,

sncedes the andio i not slesady encoded, formats the socoded audio imto g voioe

shragm for ranums x| indo i o mors headers, buests, frames, ow

ROQON, Of

packets), and then ranenuts e correspondiing vOICe SINGUM I oL oF [ORe

fransinissions 0 a seeving BS, such oy BS 20, which then wirslesshy forweards the

32 of MG L

fransosshas © subsenbing proap SDs such as 50 12, 4

e

[OOR2] The late entrv 8D pay be late 1o the voloe call for s aumder of ressons,
wichading but vet Bodted o the 3D commng back into rasge afler bang at of vange of
g serving BR, the romovat of o prior interforer within the nnge of the 8D or the BS
serving the foget S8, the avondance of 5 prioy geographic femture such as & building,
i, or tunnel thal lemporanty Mocked convmunications botwessy the S8 and ia

serving hase shation, the 3D poverring up ot o after o time the call slated, or other

user achion at te SD such as the vwapping oul ol b

3T The S may deteot that it i o Tate sy 81 or otherwise pussad o povtion of

&

the yoice stroam of the joinad voce oddl in g nomber of wavs. For exampls, the 8D

gy have detected g oall opdate message on 8 separate controd chanmed in the wir

convREnicAlon sysiem, inslead of an sl call prant messsge ransraied af Sw stwt

of the voice call, ndie

thiat 5 ds hade to the group call but chuding enough
information so that the 8D can o0l join the fongoing) group call on the assigaad
raffic chamsl, In snother smbodiment, the S0 ey detoc! s ambadidad Bink control
messape with call nfurmation, mcluding o tarasd grovp wdentifiey sssoniated with a

grvg that i s subscabed f, ambedded i the rransmited vodes call pavioad o

paviends mstesd of n o coll beader including the ool information pre

divg the start

of the ransriied volve call. Other sxinoples ars possible ax welll
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OOS] Also af step 402, the SD e begio g oall durstion timey 1o i the length of
he ongeing votoe ool that 1t sctually necerves and plva backl AN Lo endey S8
naay it e own separate call duration troer so they oo deternine the anous
of missing vorce straam o replay Iater in the provess. In ather enibodinments, sach

late sntry SO onwy vecord o call start foe stamp assocrated vl receipd of a fivst one

of the remaining porttons of the votce oadl.

FOOSE] An example tinung diggram of this situmtion i3 lustvated i FIG 3§

grvup oall is being frans

SI3 1T fodng the vedos call SOT at the stand 304 of the vorce call, and thus does st

~

doteot o late eanry to the volee call. On the other hand, 8D €2, for aoy one of the
ressis st forth above, joine the votce call Tate at tme 314, dotects 2 late sntry 1o the
voire cafl, and starts s call duralions ey or records o call steat e stang.

Strvathady, S0 32 joins the votoe ol 302 even lader b e 329, detects o late enpry o
the vistoe ooll, and starls i own call duration Bimer o reconds 188 own oall start e
starog.

[O056] Rodurnming to FHE 4, 8 step 84, the SE contimues o repeive and play bach
gudio sxtvaciad from the received voloe siveanm portion of the aagoing vedee call, fy
examyie, via o communications speaker such gy speghar 333 of S 300 or via a volce
toetent ransonplion process mud displaved via o display such as display 303 o 5D
o More spectiically, the 3D weeetves Romatied povtions of the vedes stmam 2.2,

ofie oF more headers, bursis, frames, messsges, of packets), oxtracts snd decodes

portions of the ongnal sucoded sudio Hom the one or more ornatted poriions of the

vojse stream provaded fn the reosved tramsmissions, and beping sendening the portisn
of the decoded sidio {eg., via spesber o displav). In some embodiments, the SO
nxay alan store the received voice strese, in Hs original recetved form or i ais
gxiraciad and decoded form or i s ostonpveniad Brm, Por exampls i static

miennory 316 of K13 300, for laser re-play of the entire voacs call, nslading the missed

portons and (e recenved and plavad-back portions of the vodee stresmn, With

relvrencs to FIG. & R example, lste endry SDx 42 angd 52 recoive and playback the

recetved voros strsam pomions of the vodoe call during the regpective received call
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duration e pertods 12 and 13, In this sxamphe, 85 42 thus nussad & poation T-3
313 of the voics ol (altbough 1 may sl Koow Hverd aod 8D 53 e uasad &
portion T-13 323 of the voles call Cagain, although ¥ may st Baow 8 vet), aod plays
hack anlio received during respaotive time pericads 2 and 3.

[BOST] At grep SO0 o FIG 4, the 5D deternunes whother the ongobg voice ol has
entdad. The SEY may detarmine that the ongotng voies call has ended i 3 nuarber of

RAVE. exarmpie, the R vy detoot s end of the o g ovoioe eall by recaiving
wave, For esampie, i y 3 i

oy &t the sousee

& message from Hs serving BY mdicating the relense of a PTT gt

device andfor the start of @ call g v, & call hang time is 3 pertedd o a LMR

sy ster i welioh the radio chavmed is reserved for members of the ongobng groug oal

thatr owa PTT button) and respond 0 commumications

0 kev up fe g, by activatin

R

previously tnassmuiied n the ongodng voive call. After the hang e pevioad ouysres,

the radio channed s sithey opensd up For any device © key up (e, 8D cutsids of

ihose SDs subsoribed 1o the group associated with the ongouny voe cally or &

sthorwise returned G 2 pool of availahle truific chonnels that rame be assign
aewly reguestad and geanted voies calls, wmong oty presibiliios. In some

senhodinents, e 8D moy be configured 1o dermne that tie ongoing voiee call has

angded onee wasd, Inosul Swriber embodiments,

he preconfizored call hang Hme bas
fhe 51 may be confipurad o dedermine that the ongoing voive call has snded whana

ihveshold poriod of me has passad withoot oy new deteciable sudio botng recetved

i the cugetng voiee el Other possibilities exigt ag well

[OOSE] I an end 0 the votoe o8l i nod detected o step 406, provessing revens o slep
A0 where addistonal vodoe stream data of the ongoms call i recerved, decndad,

rendored, andfor stored at the ST I however, an end (0 the voice call ix dustestsd &t

stop $06, processing provcseds froen sfep 406 to step SOB. Wath refovence wo FIG. 3
start of call bang e i indicsted by reforencs numerdd 300 sd sy and of the calt
hang tae s indicated by reforence monersl 308 Accondingdy, lads oty S0 42 and
33 may doteot wend of the voree call 302 af troes 306 {at the stant of hangtine 307)

o MU {alter the hangtime 307 period axpires), swoony other possibilities.
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OS] At step 408 of FIGL 4, the late sotry SD stops the call durstion timer stared &

shep 402 or records & call and swestamp, aod then anther ranems & e endey rogpast
neessage dsall, or bogins menutoning & radio chaoned fo.g, then piiﬁk. radio chaned,
vonee eall was recsived) for ate ontry raguest mesaages transnutted by other SDs
The transoission of the ot cntey roguest Mmeasee a0 ag an nplic negalive
ackuowledgroent INACK Y with the advaniage that the wessags proveides an

indicaiion of what portion of the voice call was musesd, and the sending of which iz

inggered by g determunation that the ST arvived late 1o the ongoisg vorce ¢all.

R6D] In one ambodioent of step 408, sach Iate sntry ST that was receiving the

yoios call may nol moenior the aphak sadio channel st 8l but may sepwately frsnsnw
2 lnte entry reguest messags that eliontes 3 call duration of #he voacs stream portion
sctuadhy received. The ansenission of the Tate entiy request messages may be
scorvuphished via a random hold off ponod after detecting the eod of the vorce call, 3
camier senss mechaniam, o schoduls transmutind by the vontrndler devion 26, o 2oras
other uplink compuenostion mechaniant, With referencs to FIGL 5, i (his example,
saely of ST 42 and 53 sepavately tramsnst Jue entry request msssages indicating &
received oall duration {2 sud 13 or cadl stant godfor call enad toestamps asociatad

sl €2 and 13, respectively } of the vodos call SUE fhat o actpsdly revelead

dotect sy late snley rompuest mossapes seot by athier Jate entre 5D, oo i ey Bl o

detect a {ate enbvy reguest wessage tadhcating o call duration less than or equal fo thawr
s exll duration {e.g., o petisulsr lade ontey S ondy tnvennts a lade entry roguest
messape & the random hald off peniod o no other S0 b ransmitiad ay indicstiog
that they nussed ax masch of o move of the voios call s the pasticala late sutry 80

diddy, With reference to FIG. 8 3Ds 43 and 32 may appdy randons hold off periods,

andd i the event that 812 32 happens to tmnsnut s e ontey regusst rosss

with a Smer value of 13 or a ool start tmestanp 334, and $1 42 dotects thar
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(PO Ess L SD 42 oy vefradn fron ransmitt B HR 0w IR0S anlry resjuest msssags

with 2 received call durstion vahue of 12 or call stast fimestamp 314 since 5D 32

nussed & fargey ;}uﬂim of the voloe call 32, In othey wovhodinnens, S0 42 and 32

N iam gntry rempaest measage 'ﬁraﬁ, and S0 32 detecty that transmmsuion, 8B 32 nay
st fravsent ds oo late ontry requiest messaee with atingy vadue of 13 or ¢all stant

thvoestamp 324

HHIOZT In astl] Fanther emboaliment of step $O8, the hold off pevind may be

calvulated a8 o function of the call duration Bmer volus oo the call start tmestamp

ST, 0 that Tate entey ST with smabier call duration vahees or Later call stawt

tmestangs {og, indicsting they missed more of the voice cally fransadt & 3 shovisr

hold off time perind than {ate oty SDs with mgar call duration tmer valuss or

carhor call star Bnestamps. T thiy mgrvner, the Tired Iate ety SDY 0 trapvsnst shoudd
provide a sufficient pussing volee stromm portion {o compensate forall ¢

™

sevtry S0 ane ol vadios chamwsel. With vefivence to FIG. & i tlus examye, the 8D

with the smallest faner valee would abvays fraosmit fivet G s case, 8D &2

iy e endey request metsags with gl vadoe oF 3 or imestanp 534y,
saving all other SDx with farger Infe cntry call durstion values or canlier thuestaanps

fron having 1o transmt o Tate sntey povuest message

O3] Abstep 410 of FIG. 4, the late entry 5D reomives an indisation over the

e

dowrs

1 racdio chavmed of the totad call duration of the provicusly transmitied voee

o], and caloulstes a third durstise, squivalo o the missed durstinn of the

proviougly transniited voros straam of thi voice ool a8 a Tanectisg of 1 vy ressived
el durgtion mer vabue and e ftansmitied fota! call duration, With relvrence o
FIG. 5, ST 42 recetves the mdication of a totad ool dumtion e T and osfenlaios o
third duration {8433 313 equivalent 1 the msesd durstion of the pravioasly
pransmiiiad vinos call. Sinwdady, S 32 vecebvey the indication of # rodad call divation

e T andd eateolades o Gund duvation {1433 323 squivalent 1o the missed durstian of

the proviensty trsnsaiited voive ol Tnothis case, BDEL mibssad more of the ovi
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voioe call G2, and thas reporiad g smaller call duration timer 83 than that {12} repariad
by S0 42, bat caloudates g heger thaed duvstions {1033 323 than S 42 (T3 3
G At step 412 of FIG. 4, the lute entry 3D reostves the masssd voics stream

portion of the previowshy fransositted votce call over the radio channel, and plavs back
the pissed pontions R the caloudaded thed dusation,  With refrence 1o FIG & BD IS
did nod join the call late, so i i Hustrated in FIG & 8 remiginimge DLE 664 on the
radio charned {and not regaiving andior playing back the wmissad voioe streawn povtion
vig the voioe call H023 or leaving the radic channel and refurming 1o the contred

chaned {00 &

L g other possibihies. 8D 42, on the other band, begans
recetving and plaving baek the pussed voice strean portion via the voice call 802

bepinning af tene 612, lasting Dor the durstion T2 313, sl they soppng reosiving

aned plaving back the mibssed voloe streans portion vis the votos call K beganing &
D Gl A tinse 614, SEY B2 vy sttty transition o an idle state fon g
corventions channel} o refam W a condred channel (o 2 wunked systony, among
sher poxsibalitiss. B0 32 moulely bogiie recsiving and plaving baok the mussed
VIO strssm ;mmam via e voioe call 602 bephusing af fune 613, loasting for the
duration T-3 323, and then topping recsdving and plaving back the nissed vouee
steonns portion via e voice oall H2 beginning of te 834, At tne 624, 8D 32 may
stonibaly toansition o an e state {on a conventivasal chanuel} or returs 0 3 control

channel {in a trunkad svstonmy, among other possibalities,

optivaially stoved af slep 404 {a.g., that is not mads gvailalide w ds entivety vig the

voioe oadl 602) The lade ety SD mway be comfigured 0 automatically begin }ﬂ&"ﬁ}r‘ing

¥

hack stoved voioe stremm portise of the previcusly transmitied voice call 502 o step
$14, or miay prompt 8 user angd, ondy upon recetpd of 3 manipualation of & interface

of the fate sntry §13 by the user 1o mdicads 3 desire o re-play back the storad voos

steoann portions of the previowsly fansowtied voace call 303, does 18 sotually begin o

fransendtted voloe call

back the stovsd volos stream portions of the pravisnsh
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W] For sxample, and with relerencs 1o FHG 6, 5D 42 muwe have previously storsd
D866} For exasnple, aud with referencs to FIG 6, 5D 42 may havs previousiy storsd

ihae vesoe streany portion of the votoe call M1 recoived during e R ol FIG 5, and e

e 4 of FIGL & nay begi to re-play back the stored voies straam it?{}!‘i'zissziﬂté of the

visios call 302 (astomnativally or upon user request). Sinnlarky, 8D 532 may have

previsshy siored the voter atream poriion of the vorce sall 302 weeaived durmg ime

£33 ol FHG 3, and at time 524 o FIGL & may bogin o reepday back the storad voue
stromn portion of the voloe call 302 Gawtoraticadly oF upon nsey requesty.

HHIGT One advantage of re-plaving back the stored voice stream portics of the

pravivisly fransoiited voice ool i that the user will bo ableto e

atdicdvoice conunonications of the provicoushy fransmitied voice call in the context of

tha {now phaved baek) missed volce strowmn portion of the vodoe cadl, which mwy

change B wyer’s undersiamuding of sudio ncluded mwd plaved back i the previcusty
Iransmiited fand stored) volos oall that the 5D atered e
[eS] FIG Tl

repaying o

an axarple in aocordance with ao ebodiment for enabling

3 missing voloe stromn porticnr Trony the peaspective of an infrastructure

controller device, such as controllsr device 26 of FIG. 1. In sone embodiments, only
corlan types of calle, sach g erpevgeney calls Coduch are signaled as soclin the eall
request andior smbedded withie the call) sy be provided the corresponding abilily o
rapliyy nussing vovon stroam data fnchionadipy, while non-sroergency calls are nog
(b poesiialitiss exist as well

[O859] Siarting then af step 702 of PG 7, the contrpller devive recarves a vores aall
axd caneses the volee eall @ be travsnetied fo 2 plusalite of $Ds o 3 reho channsl,

For exanple, and with relisrence o FIG. |, controller devive 26 may reseive o v

call addressed to 8 group G_A From dispateh console 38, another 3D Guot shown}
being served by BS 20 or soome other BY, or vig extemal networks 34 wnd, and csus
the vosce call to be fransmitied 6 group member 8Ds 13, 42, 32 subsonbad o the
group 3 _A vix BE 2 {perhaps muony other proup member devices served by other
BSs or other infragtrocture devices i connntmivation nebwork 10 or other

SovRnuERLation systemns Bakad fo conpnunication nebwark TR
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FOOTO] AL step 704, the controtier devios storss the voroe sirsam of the volce call

lowally (o g, o decodad digatally snoodad viroe or & the Formuatiad voice streams

)

themselves) or g 3 venwis storage gres coranunicably coupled 1o the contred

de

Ao, ol muestoes o duration of e voree vall (g, vis g ool durs

start anndor call end tosestanps). For example, and with cefiorence to FIG. &, the
controther devics tracks e duvagion T 305 of the volee call 302 while causing the
votes call o be proveided on the radio chanaet fom a start e 304 10 an end doe 306

oo call. For

HHITHE AL step TU
sxavapde, the SD may detest an end of the voroe call by receiving 2 messaps from the
device seuwrcing the votoe call indicating arelesse of & FYT hutton or other input
switch, In some eonbodionends, the SO aeay be configursd (o deterune tat the voles
onll has ended when a theeshedd pavizad of timse haz passed withowt any new daieatabds

sudio boine recsived From the sowree devics

R

T2} I sl ambodiments, the contealier device may recstee g message Hom
the devioy sowrting the voige call indicating the relegse of & FTT button or other wmpw

swilch, and @ resyonss, may cause an indication of a call hang tine stast o be
iransmitied o the pl ui‘itii‘i};:' of S on the vadio chaongd { ;mz*ﬁagas among other group

& coninsher devige

TransinilR 8 Messuge At a e ndicated by reforsnos moamersl M0 indicating the stary

{ & call hang tme 07, In this wwmph: the conroller devive may be configured o

Vothe end o nicating the release of

wdey

the PFTT button was recetved. In snothey eumgh the at:(msn*ﬁﬁfigr device may be

configured o ideng e vostor call us the S sfler expivation ol u pra-
covsfigured gvatens call Rang o after the toe that e messape nadicatmyg e raleage
of the PTT button was receivad. (ther possibilities exist as walll

OO Atstep TOR, the controfier devics receives one o mowe mdicanons of received
voive call durations Froem sewe o more late antry 803 out of the pluraliey of SDs that
recerved the voloe oall of step TOR As sat Rorlh with respect to step 408 of FHG 4, In

soms simbadiments the controdler devics nuw regeive voroe bl durstion indications

@ eniry $1 while i other erbodiments, B may revelve voice call
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duration uncations from fess than all age antry 805 or gven just & single lute sntry

13 pmwdmx o svaadlead vosce call duration indicabion.  For examply, sod with

reference o FIGL S, the controlisr devies may receive a votoe call duration vilee

ST froo ST e 8 voice ool durativs vadue 3 535 foan 5032 Fonhermors, and
as set forthy sashier, the mdications of cadl durations may be wi the foros of receyved call

duration values or tn the form of call start anddor call end tmestamps (from which the

controtler deviee vy caloulate call duvations), amoag other possitalities,

HHFTS] A stop THE, thy tifies & nunimwam receivad voaos call

Jduration s of the oas e call durabon mdications, o an

smbodiment, such s tha set forth above, wheve only 2 single late evary vestoe call
duration i rectved, identifving o mintmnen receivad vodos coll durgiion oy includs
saply dengifeing the only reomived voice call duration. In soaduinaents where s
pluvality of vovce ol doraiions ane recarved, & comparison of the vadoss s wed o
ideniify the srallest recerved voice call duration. For exsophe, and with reference fo
FIG 8, the smollsst reostved voive coll dueation wiadd ba 13 3238 veveivad from 8D 32

fee controtier devios caloulates o tivd durmion a8 & Ninekion o

[OOTS] Adstep T2 8

e fotal durstion of the votoe call (detonined &t step TR9) aud e i reosived

duration {detormined at step THN. For exsvaple, and wath refirence 0 FIG A, the

thard duration wonld be egual 1o T3, whinh identifies the maxinum voloe strexim
pevtion of the voive call 300 missed by ol target 5D of the call, 3o that s sngle

]

further re-transs n af the fongth T3 of the voloe call 503 wouldd satisty sy sud

all Inte sntry SUs that joined the vores call 302 Jate, in this case including the duration
T2 associated with the nussed portion of the voice sall 302 for S5 42 as well,

FTE] At step 714, the controfler device retrieves the storad voice stranm povtion of
the voice call (o g, slivrmatiad snooded digitad asdio or formatted bursts, packsis,

megsnges, frames, ofc. contarnng dipttized sudio roprosenting a portion of the entire

volve call, among other possible

signaling snddor other paviond datad that mabe ap the
thard chavabion of e votce call that was stored at step T, redormats the wnfematied
digiized sudio into 8 new awdio stream i necessary, ad cavses the retrieved vaice

.....

straam poriion of the stored vote call to be re-transiiited o tha Tate oty SDx o the
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patio channed S the thivd dwration. For example, sad with referencs o FIG &, e
racdio controdlar causex the munsed voice strom portion 1o be retransntied ag slae
ey re-transinitted voce call 602 on the vadio channel stavting st thive 513, allowing

SE 42 (o rolriove Hs plsuing voits stroner parbion of the ongingd voice oall 302 b

ratrievyng, deosdmg, and playing back the porbon of the ro-dransantted vorce eall &2
fronm Hoe 612 1ot S8 (g, ool 0t TSI 313) and alfowing 8D 33 o
redrier S nssing voroe stream poriion of the onginad volee call S53 by retneving,

denoding, sad pla

back the portion of the re-tranensitted volce call 602 from Sme

3 S3E,

G2 o e 63 feg, egual B e
T 3 Conclusion

6078 In scowvdancs with the foregoing, an ingrovad method and apparatis for

replaving 8 missing voioe stromny povBos is disclosed. As aresudl, 3 nowe robust
compcations svsien can be povided, inprovimg conununicaion capabilities of
response groups sud improving the acouraey aad elanty of group compumications for
late entey subscriber deviges. Other advoningss mnd bevefits are possible az well

HHTE In the Foregoing specification, speciiv sodbuoadinnnts haye beey deseribad.

Howevey, one of ordinary skall in the st appreciates that vartons wmodiBeations and

changes can be made without departing Hrom the scope of the invention s set forth in
the claims badow, Accordingly, e specification and Hgares wre 1o be rogandad man
tHosirative rather than & restrichve sense, and alf soch modificanons ave wiended (o be
incloded within the seope of present feachings. The benelits, adviadages, sohwtions io

priddons. and any chomerst(s) that may conse any benelit, sdvantaee, or sodution fo

SUCHF OF Beonnie more profotmessd are not 1 be construed ax g entica, requared, o

saeeniial foatures or elements of any or &l the claims, The invention is defined s

by the appended daims meleding oy smendmenz made during the pendeney of tus
apphicaticny and &l enquivalents of thoss claimes oy dsusd.

HHISG] Mursover i (s docwnent, relational terms stch s fiest and second, op and

bt amd e ke may b msed olely to distingansh ons sntity or aobion from
andthier enlify of schon without necessanily roquinng o unplying sy sctual such

W

relationsip ov ordey hetwess such engities & actions. The trms "oomprises,
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comprizing,” “has™, “having,” “ecludes”™, “inchaling,” “containg”, “contaimng” o
avw other vartation thereof, we ntonded o covey 3 simexclusive mclosion, soch that
s process, wmathod, article, or apparaius thet comprises, s, nclades, containg g hist of

slements does not include only those olements but may inclods sther clemendy s

sxpreashy hated oo ambevent o such process, methad, aﬁ‘wim oF appacaiis, An clemem

provesdad by Soowprisey a7, Thay L 8"

%

Snctades a7 Toonitaing a7 does

withent nwote constratnis, preciude the existencs of sddisonal shentica slamens in

the provess, method, srticle, o apparatus that comprises, has, ncludes, contains the

)

elopvent. This werms 787 gnd e’ are defined s one or morg andess exphieitly stated

atbierwise bersin, The tevos “substantially ™, @ “abow”

sevdidly ", “approximately”

of any ofher version thersof, are defined as belug olose 10 ax soderstond by ong of

sedinary skill in the art, and i oo non-limiting smbadimant the toom B dalinsd o b
withsnn FO%, in avother sonbodivent withan 3%, i anothey ensbadimes withon 1%

anad iy another eonbocdiment within 9.3%, The form oo 3t gs used herain g

defined ax connected, slibough net necsssandy dirsotly snd not nsosssandy
mcharnestly, A device or stracters that i “condigueed” i a corfatn way is
configured 1 at faast that way, bol may also be conligured in ways hat are not listed,
OS] H il be gpprociated that some embodiments may b comprised of e or
i gavierie o specialived processors o Tpricessing devivesy such ag
nuoroprocessors, digital signal processors, customizad processors and fiald

progranvialle gate srays (IFPOAS) and wnigue storad program siructions (i

both sofbeare and Homwared tat controd the one oF pioTe procassors 1o impleameny, in
conpmclion with ceriun son-processor clrouils, stme, most, of all of the Gmetous of
the method andfor apparates desoribed hevotn, Alteroatively some o all Functions

could be mmplementad by o state nnchine that hag no storad program instrections, o

wt one of more apphcation specific micgrated cirowts {ASICs], i which each function
 wonse oombinationg of cortain of the Rnotions are inglomentad & custoan fogie

O course, & combiaation of the beo approaches oould be wsed.

[OOR2] Movesresy, s ermbodinent can be inplennnted 88 & conputer-readable stovage

msdium having compniter readable code storsd therenn for rogranuning & coumpiss
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{40, comprizing & provessor) to perform a mathod ax describad snd clatmed hareln
Esaunpley of such conyauter-raadabde storage modioms include, but ave not livsiad 1o,

s havd disk, a CD-ROM, an op&sm% stovage devies, a m..@ s storage devicg, a ROM

E*f‘sﬁsgtaﬂmmtﬁa Ruad Only M&mﬁr}’ 1ol 2 Flash meoory, .Fia.smm; i expacted that

one of ordinare & , notwithetanding possibly steniBicant effort and wany design

eomnrderations, when guided by e concepts and principles disclosed bersan wall Be

ity capable of generating such software instruchions aond progeaos and |
nwnaed experituontaion.
[O083] The Abstract of the Disclosure iz provided o allow the readey to queckly
grcurtain the nature of the technical disclosure. s subnsitted with the enderstanding
ihal 8wl nod e wsed o indorpret or Hiowt the soope o meaning of the olaims. In
sddiion, in e Dwogodng Detatled Dasoription, it s be soen that various fortures are

srouped topether in variows smbodiments for the parpose of sfrsanslining the

disglosure, This nsthed of
fae

seloswre g ot o be iﬁt&mf&wd a6 reflecting an

infention thal the clumed enbodients require mose features than are exprassly

cosited i sach ofaimy Rather, as the following olsins reflect, vsntive subject nistier

Hog i lose than all featurse of a single discloged envbodiment. Thus the Rallowing

Y

clains oo berely mcorpurated o the Detatled Descripiion, with cach dlatm

standing on s own as 3 separntely claimed subject maties
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We claimy

i A method for replivving & missing volce stream povtion o o late eutry
suhaonber device in g wireless radio network, the method comprising

ising, by o subsoriber device, & ravsnatted vodee call on aradio channed via

a hase gintion of the wircless radio nabwork and detecting

b the subsoniber device,

thiat 3t is Pate to the voice call and nuissed o portion of the voice sl

{ransosiisd prioy @ the sebaeniber devive joming the vosce el
contbmuing, by e subsenber device, fo receive & remaiuing portion of the
votes call and plaving back the reraining portion of the voice cally
divecting s end of the voice call, and responsively:
ovey of (i} bramsonitting s fied ate endry roquest message o the base
station requesting ve-iranemstssion of the missed portion of the visee call, the

firat late erdey roy

et message ncluding s dndicstion of o fiest dus

the remmaiving povtion of the voles call received @ the subsonber deviee and (1)
detecting Wansmission of @ second Inle eniy request message frony aothey
subseriber devices requesting re-transonssion of 8 second oussed portion of the

vodee ol the secovsd oo sulry request message including an indiction of g

ool duration of & rnsining porsion of the voros call reosved 1t the anothse
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recsiving, by the subsonber devics from the base station ou the radin

chamnel, an indieation of a foal durstion of the votee sl

calouks . by thae soebsoriber device, & thind duration as & fanotion of

e woda duration and the Grs durstiog aad

recsaving, by the subsoniber devics via the radio changs

%
e
-
.
i)
%
e
=,

postion of the voice call and plaving back the mussed portion of the

fuw the theed duration.

2 The method of clam 1, wheretn the radio channgd 15 one of & first time slot of

i aceass {TEMA) radio chansel, & Hogusssy

& anti=stof Hme division muli

division muduple sooess FFDMAY sadio channel, and an onthogonal frequenoy &
multiplexing scoess OFDMAT radio channel.

3 The sethed of chaim L whersin the radio channsd s o of 8 convaniional
Land poobile radio SLMRS radio chonasd, & tanbed LME radio channdd, sand &

wvaltinsedia brovdosst mulficast services (MBME} long term evoludion {LTE} chanael.

. while comtinuing 1 reesive the

4 The msthed of cham 1,

remvaiting portian of the volee call and plaving back the renaining poviion of the

voiee call, storing the rematning portion of the votee call, sud afler playving back the

nssed portion of the voles eall for the thivd duration, re-plaving back the rovvining

portions of the voiee cafl.



WO 2016/179756 PCT/CN2015/078593

LS The method of claim 1, Rethey comprisiy wmitiing the fied late ety

TEQUEN mvssags o the base sintion requessting re-transmssion of the missed porton of

&, The method of clam 5, fethey comprising franumitiing the it late emiy

reguest messaee ot a hold-oll tme poriod affer detediing the end of the voioe call, the

holdord¥ fos poviod detsrnnned oy & Nnction of the Heet durstion of the rem

portion of the voice eall,

7. The mathod of claim £, whergin the indication of the first duration is o timed

2 porbion of the vorce eadl

duration calodated while revaiving the remam

& The method of chum 3, wherein the mdicanon of the fingd duration i a ime
stasp ruhicating a e of recept of @ finst poetion of the remainmy poriton of the

voree ool

iy of the

segond e entry reguest message from another sehsonber device reguesting re-

fransmiasion of the secovd mussed portion of the voics call, the second miasad porbion

melud

ed portion of the vates el
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(2]

o The method of clatm 1, Buther comprising, afisr the

o

hird durstion, switching

fron the radio channed 1o 8 control chiannel in the wireless radio nedwork,

L Vhe method of ch 1, whersin detecting an end of the voips aall comprizes

detecting the beginning of a call hang e

12 The mothod of cladm 1, wherety detecting s nd of the viloe call comprises

dsiooting an sxpration of @ call hang e,

13, Vhe neothod of olaton {, whersin the sebscoriber dovice defectng that s late

{0 the voioe ca

cenprises the subseriber device defecting & call updaly message on a

vopdeed chanme! for the voaoe ool tostead of a call grant message.

B, The method of clam 1L whersin the subsoriber device detecting that s lats
o the votce ol comprizes defecting o Hok conol messags with call mformation
srabadded in the voice call tnsisad of & salf hoader with the call information preceding

he vosos call

i3, A subseriber device for veplaving o nussing voics stream portion ot a lae

sodry subsoriber devios wy & wiredesy radio netweork, the subseriber device conymising
G QF IS *r&nsaei YIS

ane of 8 speaker and diaplay;

a dats store and
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QRS OF TR provessees configunad fo

Join, via the ong oF morg fransogrvens, o ransmtted voice el on &

chanmel via o bose station of the wireless radio network and detsct that ¢

is Jate to the voloe oall aned missed g portion of ihe voace call thay wan
s ted prioy {o joming the voioe oall
CoRTHneS 1O rRosive, viA e One OF IMOn TANSCRIVen, A IRning

5

i3 the ene of the speaker and the

potion of the voige call and
display, the remining portion of the voace call;

detect an snd of the voaos call, and responsivaly:

SUTY reguest mesvags o the base station requeating ro

By

N

he miazed portion of the vowe call, the Bral late entry vequest message
mchding ey mdicsion of & st durafion of the reutning postion of
Hha votos call reostved aned {33 datect, vin the one or more fransosverns,
trapsynassion of & second late snfry reguest message From saother
subsoviber device reguesting re-fransoission of @ second oyased

b
2
bl
=4
st
=
=
-5
<
%
%
sy
L opol
ot o
s
s
7
2
o)
o
ey
£
%
%
e
3
-
%

o
5]
o
44
=
74
E2
fod
T

[

mchuding an ndication of g second duration of 8 rematung povtion of

the voves call reovived o the snother subsentber deviee shorter than the

wvation;

veodee, via e e oF Nure nansesivers, an ndivation of &

sotad durstion of the voiee call
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catoniate ¢ thind duration as & funetion of te sotal dorstion and
hea fresy duration; and

vecuve, vid He one oy s ranscsivers and He vadio channd,
the missed portion of the voice call and play back the missed portion of

fhe vores call for the thind duration.

I The subscriber device of cladm 15, wherstn the one of MIOFS PrOCESSOs are
further configursd to, whils continuing 1o recsive the romalning poation of the voite

call and plaviog back the remaining postion of the voios ol store e renwin

postion of the vedos call, and after plaviog buck e pissed portion of the voige call

s

for the thivd doration, ve-play baek the remining portive of the voles eadl

P The subsoriber device of claam 13, wheretn the one of more provessors arg
farther configurad o ravsnadd the S hate entry reguest me 10 the base station

requssing re-transmission of the missed postion of the velos el

18, The subsenber device of olatn 13, whersln the oni o0 nondis PIOCessons s

further configured fo detect iransmussion of the second lode solry roguest messag

Fromn arwsther subscriber devics requesting re-trmsoassion of the second missed

pention of the volge call, the second missed portion wcluding the nussed poartion of

59
i

thae voloe ol
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19 The subsortber device of clatm 15, whersin (e Ons oF DS PIOCSISMS 258

fmrther contdigured ¢ Ohe OF More fwsceiver

Fromt the radio channel o o control chunmed s the wireless radin netwark

A A method for enabling a replaving of @ ndssing vows stream poction o a la
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detecting an end of the voses call sad tnansmitting, G the plurality of gt
wireloss subsoriber devices, an indication of the ond of thy volos call;

heriber devices out of

receiving, rom one ov more ke sotne targst wireloss sy
the pluralipe of rget winsless subsoriber dovices, ong or mors ndications of recsived

dusntions of the voics oal 8t respective ones of the Iute enlry target wiraloss

subzoriber dey

wentifving & m
vevetved dheations of the voice cadl:
calvulating & thind durstivay ss a Banction of the totsl duration and the

manimum received duration; amd
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causing o be re<ransemitiad, by the nfrastruciure contradlern a missed podtion
o the vosos call to the one or more Tate sndry wirelest subzoribery fo the wirelew sdin

netveork ou the vadio dhannel for the third dwration
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