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Resou rc e signaling forP UC C H

Tech nica lF ield

5

Th isdisclosure perta insto w irelesscom m unica tion tech nolog y, in pa rticula rin th e

contextof Ra dio A ccessTech nolog y/N etw orks(RA T/RA N ).

B a ckg round

10

N ew w ireless com m unica tion tech nolog ies, e.g . 5G tech nolog ies like 3G P P N ew

Ra dio, a rebeing dev elopeda ndintroducedfora w idera ng eof useca ses. To cov er

th is w ide ra ng e, m ore flexibility forsig na ling is desira ble, in pa rticula rforcontrol

sig na ling .

15

Sum m a ry

Itis a n objectof th e presentdisclosure to prov ide a pproa ch es a llow ing flexible

tra nsm ission of uplinkcontrolsig na ling , respectiv elya cknow ledg em entsig na ling . In

th econtextof th isdisclosure, a cknow ledg em entsig na ling m a ybeconsidereda form20

of uplink control sig na ling , a nd/orbe includeda nd/orim plem entedth erein, orbe

sepa ra tely im plem ented. F or exa m ple, uplink control sig na ling m a y com prise

a cknow ledg em ent sig na ling next to for exa m ple sch eduling g ra nts a nd/or

m ea surem ent reporting . A lterna tiv ely, a cknow ledg em ent sig na ling m a y be

im plem ented to only com prise a cknow ledg em entinform a tion, a tper indiv idua l25

m essa g e.

A ccording ly, th ere isdiscloseda userequipm ent, UE , fora Ra dio A ccessN etw ork.

Th eUE isa da ptedfortra nsm itting a cknow ledg em entsig na ling perta ining to dow nlink

da ta . Th e dow nlink da ta com prises one or m ore dow nlink da ta elem ents. Th e30

a cknow ledg em entsig na ling h a sa n uplink sig na ling form a tcom prising one orm ore

a cknow ledg em ent substructures, w h erein ea ch of th e substructures ca rry

a cknow ledg em entinform a tion perta ining to a dow nlinkda ta elem ent. F urth er, ea ch of

th e a cknow ledg m entsubstructures is m a pped to a differentof th e dow nlink da ta
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elem ents ba sed on a tlea stone a cknow ledg em entposition indica tion prov ided in35

dow nlink control sig na ling receiv ed by th e UE . Th e UE m a y com prise processing

circuitry a nd/orra dio circuitry, in pa rticula ra tra nsm itterortra nsceiv er, a nd/orbe

a da pted to use such , fortra nsm itting a cknow ledg em entsig na ling . A lterna tiv ely or

a dditiona lly, th eUE m a ycom prisea tra nsm itting m oduleforsuch tra nsm itting . Itm a y

be considered th a tth e UE com prises a receiv er, a nd/ora receiv ing m odule, for40

receiv ing dow nlinkda ta a nd/ordow nlinkcontrolsig na ling , e.g . from a netw orknode.

A m eth odof opera ting a userE quipm ent, UE , in a Ra dio A ccess N etw ork is a lso

proposed. Th em eth odcom prisestra nsm itting a cknow ledg em entsig na ling perta ining

to dow nlinkda ta , th edow nlinkda ta com prising oneorm oredow nlinkda ta elem ents.45

Th e a cknow ledg em entsig na ling h a s a n uplink sig na ling form a tcom prising one or

m ore a cknow ledg em ent substructures, ea ch of th e substructures ca rrying

a cknow ledg em entinform a tion perta ining to a dow nlinkda ta elem ent. F urth er, ea ch of

th e a cknow ledg m entsubstructures is m a pped to a differentof th e dow nlink da ta

elem ents ba sed on a tlea stone a cknow ledg em entposition indica tion prov ided in50

dow nlink controlsig na ling receiv edbyth e UE . Th e m eth odm a ycom prise receiv ing

dow nlinkda ta a nd/ordow nlinkcontrolsig na ling , e.g . from a netw orknode.

M oreov er, a netw ork node fora Ra dio A ccess N etw ork m a y be considered. Th e

netw ork node is a da ptedfortra nsm itting dow nlink control sig na ling com prising a n55

a cknow ledg em entposition indica tion. Th e a cknow ledg em entposition indica tion

indica tes a m a pping of a tlea stone a cknow ledg em entsubstructure of a n uplink

sig na ling form a tcom prising one or m ore a cknow ledg em entsubstructures to a

corresponding da ta elem entof dow nlink da ta , w h erein th e a cknow ledg em ent

substructure ism a ppedforca rrying a cknow ledg em entinform a tion perta ining to th e60

dow nlink da ta elem ent. Th e netw ork node m a ycom prise processing circuitrya nd/or

ra dio circuitry, in pa rticula ra tra nsm itterortra nsceiv er, a nd/orbea da ptedto usesuch ,

fortra nsm itting a cknow ledg em entsig na ling . A lterna tiv elyora dditiona lly, th enetw ork

nodem a ycom prisea tra nsm itting m oduleforsuch tra nsm itting .

65

I n a ddition, th ereisdescribeda m eth odof opera ting a netw orknodein a Ra dio A ccess

N etw ork. Th em eth odcom prisestra nsm itting dow nlinkcontrolsig na ling com prising a n

a cknow ledg em entposition indica tion. Th e a cknow ledg em entposition indica tion
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indica tes a m a pping of a tlea stone a cknow ledg em entsubstructure of a n uplink

sig na ling form a tcom prising one or m ore a cknow ledg em entsubstructures to a70

corresponding da ta elem entof dow nlink da ta , w h erein th e a cknow ledg em ent

substructure ism a ppedforca rrying a cknow ledg em entinform a tion perta ining to th e

dow nlinkda ta elem ent.

Tra nsm itting dow nlinkcontrolsig na ling m a ybetra nsm itting to oneorm oreth a n one75

UE s. Itm a yg enera llybeconsideredth a ttra nsm itting dow nlinkcontrolsig na ling isa n

exa m plea nd/orpa rtof config uring th eUE /s, in pa rticula rconfig uring on th eph ysica l

la yera nd/ordyna m ic config uring .

A lterna tiv ely, th erem a ybeconsidereda netw orknodefora RA N , th enetw orknode80

being a da ptedforreceiv ing a cknow ledg em entsig na ling h a v ing a n uplink sig na ling

form a ta sdiscussedh erein. Th enetw orknodem a yin som ev a ria ntbeim plem ented

a s netw ork node a da pted fortra nsm itting dow nlink control sig na ling a s described

h erein. Independently, th erem a ybeconsidereda m eth odof opera ting a netw orknode

in a RA N , th e m eth odcom prising receiv ing a cknow ledg em entsig na ling h a v ing a n85

uplink sig na ling form a ta sdiscussedh erein. Th e m eth odm a ycom prise tra nsm itting

dow nlink controlsig na ling a sdescribedh erein, in pa rticula rbefore receiv ing , a nd/or

forconfig uring , th e a cknow ledg em entsig na ling respectiv ely th e form a t. Receiv ing

a cknow ledg em entsig na ling m a y be ba sedon a corresponding config ura tion, w h ich

m a ybeknow n to th enetw orknode, w h ich m a ydeterm ineititself (forconfig uring th e90

UE ), a nd/orm a yh a v ereceiv edcorresponding inform a tion from a noth ernetw orknode

a nd/orth e UE . Th e netw ork node m a y com prise a nd/orutilise a receiv era nd/ora

receiv ing m oduleforsuch receiv ing .

Th eproposeda pproa ch esa llow flexiblesig na ling to a UE of w h ich substructure, e.g .95

of a resource, for use for a cknow ledg em entsig na ling . Th us, a cknow ledg em ent

sig na ling m a y be a da ptedto a w ide ra ng e of usesa ndsitua tions, ensuring relia ble

inform a tion. Itsh ould be noted th a tin th e contextof th is disclosure, a sing le

a cknow ledg em entsubstructure in a n uplink sig na ling form a tm a pped to one da ta

elem entisconsideredto representea ch of th ea cknow ledg em entsubstructuresof th e100

form a tbeing m a pped to a differentda ta elem ent, if th ere is no m a pping of th e

substructureto m oreth a n oneda ta elem ent(orv icev ersa ).
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Th ea cknow ledg m entsubstructuresm a ybetra nsm ittedin th esa m em essa g ea nd/or

form a ta nd/orbejointlyencodeda nd/orm odula teda nd/orbetra nsm ittedon th esa m e105

resource, w h ich m a ybea n uplinkcontrolsig na ling resource. Such a resourcem a ybe

config uredto th eUE , e.g . in a resourcepool. In pa rticula r, resourcea nd/orresource

pool m a y be pre-config ured, e.g . before receiv ing th e da ta elem ents a nd/or th e

dow nlink control sig na ling . Th e m a pping described h erein m a y g enera lly be

consideredto m a p da ta elem ent/sto differentsubstructurestra nsm ittedon th esa m e110

resource.

G enera lly, th edow nlinkcontrolsig na ling a ndth edow nlinkda ta m a ybetra nsm ittedon

differentch a nnels, in pa rticula rdifferentph ysica lch a nnels. D ow nlinksig na ling m a ybe

tra nsm ittedby a netw ork node. D ow nlink control sig na ling m a y com prise dow nlink115

controlinform a tion (D C I ), a nd/orm a ybetra nsm ittedon a (orem oreth a n one) sh a red

ordedica tedch a nnel, e.g . a dow nlinkcontrolch a nnel, forexa m plea P D C C H (P h ysica l

D ow nlinkC ontrolC H a nnel), ora sh a redorbroa dca stch a nnel. D ow nlinkda ta m a ybe

tra nsm ittedon a (orm ore th a n one) sh a redordedica tedch a nnel, e.g . a P D SC H

(P h ysica lD ow nlinkSh a redC H a nnel).120

Th e dow nlink control sig na ling m a y com prise differentm essa g e, e.g . differentD C I

m essa g es, in pa rticula rreceiv ed(byth eUE ) a nd/ortra nsm itted(byth enetw orknode)

in differenttim estructuresorTTIs.

125

A cknow ledg em ent inform a tion m a y represent a n a cknow ledg m ent or non-

a cknow ledg em ent, e.g . of correctreception of th e corresponding da ta elem ent, a nd

optiona llym a yrepresenta n indica tion of non-reception. In pa rticula r, a cknow ledg m ent

inform a tion m a y representA RQ (A utom a tic Repea trequest) a nd/orH A RQ (H ybrid

A utom a tic Repea treQ uest) feedba ck. C orrectreception m a y include correct130

decoding /dem odula tion, e.g . a ccording to a n A RQ orH A RQ process, forexa m ple

ba sedon errordetection a nd/orforw a rderrorcorrection coding , w h ich m a ybeba sed

on a da ta elem entbeing receiv ed. C orresponding ly, incorrectreception (non-

a cknow ledg em ent) m a yreferto detection of a n errorduring decoding /dem odula ting .

N on-reception m a yindica tenon-reception of a da ta elem enta nd/ornon-reception of135

a n a cknow ledg em entposition indica tion indica ting a m a pping perta ining to th e da ta
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elem ent. N on-reception m a y for exa m ple by indica ted by a D TX (D iscontinuous

Tra nsm ission) indica tion.

Th e a cknow ledg em entposition indica tion m a y be selectiv e betw een tw o orm ore140

differentuplinksig na ling form a ts. A ra dio nodem a yselect, a nd/orbea da ptedto select,

th ea cknow ledg em entposition indica tion ba sedon a suita bleuplinksig na ling form a t.

Th euplinksig na ling form a tsm a ycorrespondto, a nd/orconfig uredfor, specific uplink

resources. F orexa m ple, fordifferentconfig ured(orsch eduled) uplinkresources, th ere

m a y be used a nd/or a ssocia ted differentuplink sig na ling form a ts, for exa m ple145

depending on th e size (in tim e-frequency spa ce, e.g . represented by resource

elem ents) of th eresource/s.

Itm a ybe consideredth a tth e a cknow ledg m entposition indica tion indica tesa tim ing

a nd/or resource for tra nsm itting th e a cknow ledg em entsig na ling . Th e tim ing m a y150

g enera lly representa tim e structure orinterv a lusedfortra nsm ission, e.g . a slotor

m ini-slotorsh ortenedslotorsim ila r, in pa rticula ra specific tim estructureorinterv a l.

Tra nsm ission m a y be intended w ith in th is tim e structure or interv a l, e.g . a tth e

beg inning orend, butnotlim itedth ereto. Such a tim estructureorinterv a lorTTI m a y

representa nd/orcom prise a plura lity of sym bols orresource elem ents (in tim e),155

respectiv elyth ea ssocia tedtim einterv a ls, forexa m plea tlea st2, a tlea st3, a tlea st4,

a tlea st7 ora tlea st14such tim einterv a ls, e.g . sym boltim einterv a ls. In g enera l, th e

tim ing m a yberepresentedbya tim ing differenceortim esh ift, e.g . betw een th etim ing

of reception ofth ea cknow ledg em entposition indica tion a nd/orth eda ta /da ta elem ent/s

itperta ins to, a nd th e intended orsch eduled tra nsm itting tim e structure, e.g . for160

tra nsm itting th e corresponding a cknow ledg em entsig na ling . Th e tim e difference or

tim esh iftm a ym ein som ev a ria ntsberepresentedbytim ev a lue(e.g ., in secondsor

subunitsth ereof), ora tim estructurenum ber, e.g . a differencein slotnum berbetw een

reception a ndtra nsm ission. Such a differencem a yforexa m plebea n integ ernum ber.

165

Th e dow nlink controlsig na ling m a ycom prise oneorm ore m essa g es, w h erein ea ch

m essa g e m a y com prise a tlea stone a cknow ledg em entposition indica tion. Th e

m essa g e m a y forexa m ple be D C I m essa g es. D ifferentm essa g es m a y perta in to

differentda ta elem entsa nd/orda ta prov idedon differentdow nlinkch a nnels.

170
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Itm a y be consideredth a tth e a cknow ledg em entposition indica tion perta insto one

dow nlinkda ta elem ent. D ifferenta cknow ledg em entposition indica tionsm a yperta in to

differentda ta elem ents, a nd/orm a ybe includedin differentm essa g es. H ow ev er, in

som e v a ria nts, a m essa g e m a ycom prise m ore th a n one a cknow ledg em entposition

indica tion, a nd/ora n a cknow ledg em entposition indica tion m a yperta in to m ore th a n175

oneda ta elem ent. In th ela tterca se, th erem a ybe prov idedone-to-onem a pping sof

da ta elem entsto substructuresbyth eindica tion.

G enera lly, to ea ch a cknow ledg em entsubstructure th ere m a y be a ssocia teda nd/or

m a ppeda sing leda ta elem ent. Itm a ybeconsideredth a tth em a pping betw een da ta180

elem entsa nda cknow ledg em entsubstructuresisa one-to-onem a pping .

Th e a cknow ledg em entposition indica tion m a y com prise a resource selection

indica tion likea resourceselection pa ra m eter. Th eresourceselection indica tion m a y

indica te a resource fortra nsm itting th e a cknow ledg em entindica tion, th e resource185

being selectedfrom a num berof possibleresourcesconfig uredfora cknow ledg em ent

sig na ling a nd/oruplink control sig na ling , e.g . on a P UC C H . A resource selection

pa ra m eterm a yforexa m plebea n A RI (A C K /N A C K ResourceIndica tor). Th eresource

m a ybea resourceof a poolof resourcesconfig uredrecurrentlyfora plura lityof tim e

structuresorinterv a ls, e.g . slotsa nd/orm ini-slotorsh ortenedslots, such th a tforea ch190

such structureorinterv a lof th isplura lity, th eresourcesa rea v a ila ble(considering th a t

th eya resh iftedin tim e).

A lterna tiv elyora dditiona lly, th ea cknow ledg em entposition indica tion m a ycom prisea

tim ing indica tion like a tim ing pa ra m eter, th e tim ing indica tion indica ting a tim ing for195

tra nsm itting th e a cknow ledg em entsig na ling , a s w ell a s indica ting to w h ich

a cknow ledg em entsubstructure of a resourcea da ta elem entism a pped. Th e tim ing

m a y be a s discussed h erein, in pa rticula rbe represented by a difference in tim e

structureorinterv a l, e.g . differencein slotorm ini-slotorsh ortenedslot, in pa rticula r

betw een th eslotof reception, e.g . of th ea cknow ledg em entposition indica tion a nd/or200

th e da ta elem ent/s, a ndth e (intendedorindica tedorsch eduledorconfig ured) tim e

structureorinterv a lfortra nsm itting . Itsh ouldbenotedth a tth eda ta elem ent/sa ndth e

corresponding a cknow ledg em entposition indica tion m a ybetra nsm itted(respectiv ely

receiv ed) in th e sa m e tim e structure orinterv a l, orin differenttim e structures or
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interv a ls, depending on w h eth er a nd/or h ow th eir respectiv e ch a nnels a re205

synch ronizeda nd/ortim ed. Th etim ing indica tion m a ybereferenced(e.g ., byth eUE

a nd/orth enetw orknode) to eith er(if differentlytim ed) orboth (e.g ., if sim ulta neous).

Th e reference m a y be definedby th e sta nda rda nd/orim plieda nd/orconfig ured. A

tim ing pa ra m eterm a yberepresentedby, a nd/orim plem enteda s, a tim ing indica tor.

210

G enera lly, a tim ing m a yrepresenta tim einterv a llikea slotorm ini-slotorsh ortened

slotfortra nsm itting th e a cknow ledg em entsig na ling . A tim e structure orinterv a la s

referencedh erein m a y in g enera lbe representedby a slota nd/orm ini-slota nd/or

sh ortenedslota nd/orbeconsideredto representa tra nsm ission tim einterv a l(TTI ).

215

Th ere is a lso disclosed a prog ra m productcom prising instructions ca using

processing circuitryto perform a nd/orcontrola nyonem eth oddescribedh erein.

M oreov er, th ereisenv isioneda ca rrierm edium a rra ng em entca rrying a nd/orstoring

a prog ra m producta sdescribedh erein.220

A n indica tion, in pa rticula ra n a cknow ledg em entposition indica tion, m a y explicitly

a nd/or im plicitly indica te th e inform a tion itrepresents a nd/or indica tes. Im plicit

indica tion m a y for exa m ple be ba sed on position a nd/or resource used for

tra nsm ission. E xplicitindica tion m a yforexa m plebeba sedon a pa ra m etrisa tion w ith225

oneorm orepa ra m eters, a nd/oroneorm oreindexorindices, a nd/oroneorm orebit

pa tterns representing th e inform a tion. In pa rticula r, a n a cknow ledg em entposition

indica tion m a y com prise a resource selection indica tion (e.g ., a n A RI ) h a v ing a bit

pa ttern of one orm ore th a n one bits, a nd/ora tim ing indica tion (e.g ., a tim ing

indica tor) h a v ing a bitpa ttern of one orm ore th a n one bits. Th ese indica tionsm a y230

be joinedtog eth er, e.g . jointly encoded, to representon position indica tion, orbe

tra nsm ittedsepa ra tely. Such tra nsm ission m a y be in th e sa m e m essa g e, butw ith

sepa ra teindica tions, e.g . a ccording to a dow nlinkcontrolsig na ling form a t, w h ich m a y

bedefinedbya sta nda rd.

235
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Sig na ling on a resource a nd/orresource structure a ssocia tedto a specific ch a nnel

m a y be considered to com prise a nd/orperta in to sig na ls a nd/orsym bols of th e

specific ch a nnel. F or exa m ple, sig na ling on a P UC C H resource structure m a y

com prise a nd/or perta in to sig na ling of a nd/or a ssocia ted to P UC C H , w h erea s

sig na ling on a P USC H resourcestructurem a ycom prisea nd/orperta in to sig na ling240

of a nd/ora ssocia tedto P UC C H . Th us sig na ling on P UC C H ora rela tedresource

structureisdifferentfrom sig na ling on a P USC H .

Sig na ling m a ybea ccording to a specific sig na ling form a t, in pa rticula ra ccording to

a n uplinksig na ling form a t. A sig na ling form a tm a yg enera llydefinea nd/ordeterm ine245

a m essa g estructurea nd/ora bitstructureorpa ttern. Such a structureorpa ttern m a y

com prisea plura lityof substructures. A substructurem a ycom priseoneorm orebits.

D ifferentsubstructuresm a y com prise differentnum bersof bits. H ow ev er, in som e

v a ria ntea ch a cknow ledg em entsubstructureof a sig na ling form a tm a ycom priseth e

sa m enum berof bits. A substructurem a ybea ssocia teda nd/orm a ppeduniquelyto250

a da ta elem ent. A m ulti-bit(2 orm ore) substructure m a y forexa m ple be usedfor

prov iding th epossibilityof indica ting non-reception in a ddition to A C K /N A C K , a nd/or

forerror-pa dding , a nd/orforim prov ed orm ore deta iled A RQ /H A RQ sig na ling . A

substructure ca rrying inform a tion m a y com prise one orm ore bitsrepresenting th e

inform a tion ca rried, e.g . A C K /N A C K inform a tion.255

Tra nsm itting a cknow ledg em entsig na ling m a ycom priseencoding a nd/orm odula ting ,

e.g . th e uplink sig na ling form a ta nd/orth e substructures, a nd/orth e corresponding

inform a tion orbits. E ncoding a nd/orm odula ting m a ycom priseerrordetection coding

a nd/orforw a rderrorcorrection encoding a nd/orscra m bling . A n uplink form a tm a y260

representa bitstructure com prising a plura lity of bits, w h ich m a y be structured

a ccording to oneorm oresubstructures, e.g . a cknow ledg em entsubstructures. Jointly

encoding a nd/orm odula ting m a y com prise encom pa ssing th e jointly encoded or

m odula ted inform a tion orbits into th e sa m e coding , e.g . errorcoding (detection

a nd/orerrorcorrection coding ) a nd/orscra m bling a nd/orm odula ting . Th us, jointly265

encodedinform a tion m a ybeprotectedbyth esa m ebitsof errorcoding , respectiv ely

subjectedto th esa m em odula tion a nd/orscra m bling ev ent.
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A n a cknow ledg em entposition indica tion m a yg enera llybe consideredto indica te a

position of th e m a ppedsubstructure in th e uplink sig na ling form a t, e.g . a num ber270

a nd/orra ng eof bits, a nd/orin rela tion to oth ersubstructure/s. Th einform a tion/bitsin

a substructure m a y g enera lly indica te w h eth er reception of th e

m a pped/corresponding da ta elem entisa cknow ledg edornot.

A resource m a y g enera lly indica te tim e-frequency resource (or ra ng e/s in tim e-275

frequency spa ce), in pa rticula r a resource structure, e.g . a resource structure

com prising one orm ore resource elem ents. A resource m a ybe pa rtof a resource

pool com prising a one or a plura lity of resources, w h ich m a y be config ured

(sch eduled) foruplink tra nsm ission. E a ch resource m a y be possibly usedforth e

a cknow ledg em entsig na ling . D ifferentresourcesm a ybedifferentin size, e.g . ra ng e280

in frequencya nd/ortim espa ce. D ifferentresourcesm a ybeconsideredto perta in to,

a nd/orbesch eduledfor, th esa m etim estructure/TTI, e.g ., to th esa m eslotorm ini-

slotorsh ortenedslot. A resource pool m a y be config uredfora plura lity of tim e

structures/TTIs. Th eresourcepoolm a ybeconfig uredbyth enetw orknode, orm ore

g enera llybyth eRA N . A resourcea nd/orresourcepoolm a yberepresenteda nd/or285

config ured a ccording to a resource config ura tion, in pa rticula r a n uplink control

sig na ling config ura tion, w h ich m a yin pa rticula rbea P UC C H config ura tion. A P UC C H

config ura tion m a y represent resources for P UC C H sig na ling , in pa rticula r

a cknow ledg em entsig na ling on P UC C H .

290

Itm a y be consideredth a tto a resource th ere is a ssocia tedone orm ore different

uplink sig na ling form a ts, a nd/or th a tto differentresources th ere a re a ssocia ted

differentuplink sig na ling form a ts. D ifferentform a ts m a y differ in th e num ber of

a cknow ledg em ent substructures, a nd/or in th e leng th (e.g ., in bit) of th e

substructures. In som e v a ria nts, a tim ing indica tion (in pa rticula ra tim ing indica tor295

indica ting a tim esh ift) m a yh a v eorrepresenta n integ erv a luein a ra ng erepresenting

th enum berof differenta cknow ledg em entsubstructuresin th euplinksig na ling form a t

itperta insto. F orexa m ple, if th eform a th a s3a cknow ledg em entsubstructures, th e

indica tion m a y representv a lues betw een 0 a nd 2, or1 a nd 3. A tim e sh iftm a y

representa sh iftin slotsa ndbereferredto a sslotsh ift.300
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G enera lly, th e UE m a y select, a nd/or be a da pted for selecting , a resource for

tra nsm itting a cknow ledg em entsig na ling ba sed on a config ura tion, e.g . a n uplink

controlsig na ling resource config ura tion, in pa rticula ra P UC C H config ura tion. Th e

netw orknodem a ybea da ptedforconfig uring th econfig ura tion, a nd/orconfig ureth e305

config ura tion. Such config uring m a y be on th e RRC la yer, e.g . v ia RRC sig na ling ,

a nd/orbeconsideredsta tica lly, orsem i-sta tica lly(e.g ., being v a liduntilch a ng edby

oth erRRC sig na ling , orcov ering a predefinedplura lity of tim ing structuresa nd/or

TTI), w h ich m a ya lso bereferredto a persistentorsem i-persistent, respectiv ely.

310

Itm a yg enera llybeconsideredth a ta cknow ledg em entsig na ling com prisesoneuplink

sig na ling form a ta nd/or one m essa g e w ith such a form a t, a nd/or th a tth e

a cknow ledg m entsig na ling , respectiv ely th e form a torm essa g e orth e bits in th e

substructures, a rejointlyencodeda nd/orm odula tedfortra nsm ission, e.g . a spa rtof

tra nsm itting .315

Tra nsm itting a cknow ledg em entsig na ling m a y be ba sed on, a nd/or com prise,

determ ining a cknow ledg em entinform a tion perta ining to th e one or m ore da ta

elem ents. D eterm ining such inform a tion m a y com prise perform ing a n A RQ a nd/or

H A RQ process a nd/ordeterm ining correctreception of th e da ta elem ents (a nd/or320

considering non-reception). A lterna tiv ely or a dditiona lly, tra nsm itting

a cknow ledg em entsig na ling m a ycom prisea nd/orbeba sedon receiv ing th edow nlink

da ta , respectiv elyth edow nlinkda ta elem ents, forexa m pleba sedon a config ura tion,

w h ich m a ybea dow nlinkda ta config ura tion. Such a config ura tion m a ybeconfig ured

by th e netw ork node. Th e config ura tion m a y (sta tica lly a nd/ordyna m ica lly, e.g . in325

pa rtboth ) m a ybev a lidforoneorm oreth a n onetim estructureorTTI. H ow ev er, in

som e ca ses, th e config ura tion m a ybe dyna m ica llya da ptedforea ch tim e structure

orTTI, e.g . a sconfig uredbya netw orknode.
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A cknow ledg em entsig na ling m a y be considered perta ining to dow nlink da ta if it330

com prisesa cknow ledg em entinform a tion perta ining to th edow nlinkda ta respectiv ely

th eda ta elem ent/sth ereof. D ow nlinkda ta m a yg enera llyrepresentda ta tra nsm itted

on a dow nlinkch a nnel, e.g . subjectto oneorm oreA RQ orH A RQ processes. A da ta

elem entm a y in pa rticula rrepresenta (e.g ., a sing le) da ta block (tra nsportblock),

w h ich m a y be a ssocia tedto a specific A RQ /H A RQ process. In pa rticula r, different335

da ta elem entsm a ybea ssocia tedto differentA RQ /H A RQ processes(w h ich m a yrun

in pa ra llel).

D a ta elem entsof th e da ta m a y be tra nsm ittedby th e netw ork node, a nd/orunder

controlorm onitoring byth enetw orknode, w h ich m a ybea da pteda ccording ly, a nd/or340

utiliseitscircuitrya ccording ly, a nd/orcom prisea da ta tra nsm itting m oduleth erefor.

G enera lly, da ta elem ents m a y be a ssocia ted to one or m ore different

tra nsm issions/tra nsm ission ev entsa nd/orm essa g es, in pa rticula rto tra nsm issions

a tdifferenttim esordifferenttim estructuresorinterv a ls, e.g . TTIs. Th ea pproa ch es

describedh erein a llow flexiblea cknow ledg em ent/H A RQ feedba ckforda ta elem ents345

receiv edin differenttim e structures/TTI. A UE m a y receiv e, a nd/orbe a da ptedto

receiv e a nd/orto utilise its circuitry to receiv e, th e dow nlink da ta a nd/orth e da ta

elem ents, e.g . ba sedon a config ura tion.

Tra nsm itting th ea cknow ledg m entsig na ling m a ybein oron a resource, w h ich m a y350

be indica ted by th e a cknow ledg m entposition indica tion, in pa rticula ra resource

selection indica tion.

P UC C H a nd/ora dow nlinkcontrolch a nnelm a ybeim plem enteda sdefineda ccording

to a 3G P P sta nda rd, in pa rticula ra ccording to LTE orN R, a sa m endeda ssug g ested355

h erein.

A P UC C H m a y g enera lly be a ph ysica l ch a nnel for tra nsm itting uplink control

sig na ling , e.g . UC I a nd/or H A RQ sig na ling a nd/or m ea surem entreports a nd/or

sch eduling requests.360

A ra dio nodem a yg enera llybeconsidereda dev iceornodea da ptedforw irelessa nd/or

ra dio (a nd/orm icrow a v e) frequencycom m unica tion, a nd/orforcom m unica tion utilising
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a n a irinterfa ce, e.g . a ccording to a com m unica tion sta nda rd.

365

A ra dio nodem a ybea netw orknode, ora userequipm entorterm ina l. A netw orknode

m a ybea nyra dio nodeof a w irelesscom m unica tion netw ork, e.g . a ba sesta tion a nd/or

g N odeB (g N B ) a nd/orrela y node a nd/orm icro/na no/pico/fem to node a nd/oroth er

node, in pa rticula rfora RA N a sdescribedh erein.

370

Th eterm suserequipm ent(UE ) a ndterm ina lm a ybeconsideredto beinterch a ng ea ble

in th econtextof th isdisclosure. A userequipm entorterm ina lm a yrepresenta ndend

dev ice forcom m unica tion utilising th e w ireless com m unica tion netw ork, a nd/orbe

im plem ented a s a user equipm enta ccording to a sta nda rd. E xa m ples of user

equipm ents m a y com prise a ph one like a sm a rtph one, a persona l com m unica tion375

dev ice, a m obile ph one orterm ina l, a com puter, in pa rticula rla ptop, a sensoror

m a ch ine w ith ra dio ca pa bility (a nd/ora da ptedforth e a irinterfa ce), in pa rticula rfor

M TC (M a ch ine-Type-C om m unica tion, som etim esa lso referredto M 2M , M a ch ine-To-

M a ch ine), ora v eh icle a da pted forw ireless com m unica tion. A userequipm entor

term ina lm a ybem obileorsta tiona ry.380

A ra dio node m a y g enera lly com prise processing circuitry a nd/or ra dio circuitry.

C ircuitrym a ycom priseinteg ra tedcircuitry. P rocessing circuitrym a ycom priseoneor

m oreprocessorsa nd/orcontrollers(e.g ., m icrocontrollers), a nd/orA S IC s(A pplica tion

Specific Integ ra ted C ircuitry) a nd/orF P G A s (F ield P rog ra m m a ble G a te A rra y), or385

sim ila r. Itm a ybeconsideredth a tprocessing circuitrycom prises, a nd/oris(opera tiv ely)

connected orconnecta ble to one orm ore m em ories orm em ory a rra ng em ents. A

m em ory a rra ng em entm a y com prise one or m ore m em ories. A m em ory m a y be

a da ptedto storedig ita linform a tion. E xa m plesform em oriescom prisev ola tilea ndnon-

v ola tilem em ory, a nd/orRa ndom A ccessM em ory(RA M ), a nd/orRea d-O nly-M em ory390

(RO M ), a nd/orm a g netica nd/oroptica lm em ory, a nd/orfla sh m em ory, a nd/orh a rddisk

m em ory, a nd/orE P RO M orE E P RO M (E ra sa ble P rog ra m m a ble RO M orE lectrica lly

E ra sa bleP rog ra m m a bleRO M ). Ra dio circuitrym a ycom priseoneorm oretra nsm itters

a nd/orreceiv ersa nd/ortra nsceiv ers(w h ich m a yopera tea stra nsm ittera ndreceiv er),

a nd/orm a y com prise one orm ore a m plifiersa nd/oroscilla torsa nd/orfilters, a nd/or395

m a ycom prise, a nd/orbeconnectedorconnecta bleto a ntenna circuitrya nd/oroneor

m orea ntenna s.
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A nyoneora llof th em odulesdisclosedh erein m a ybeim plem entedin softw a rea nd/or

firm w a re a nd/or h a rdw a re. D ifferentm odules m a y be a ssocia ted to different400

com ponentsof a ra dio node, e.g . differentcircuitriesordifferentpa rtsof a circuitry. It

m a y be considered th a ta m odule is distributed ov erdifferentcom ponents a nd/or

circuitries.

A ra dio a ccessnetw ork m a y be a w irelesscom m unica tion netw ork, a nd/ora Ra dio405

A ccess N etw ork (RA N ) in pa rticula r a ccording to a com m unica tion sta nda rd. A

com m unica tion sta nda rdm a yin pa rticula ra sta nda rda ccording to 3G P P a nd/or5G ,

e.g . a ccording to N RorLTE , in pa rticula rLTE E v olution.

B rief description of th edra w ing s410

Th edra w ing sa reprov idedto illustra te conceptsa nda pproa ch esdescribedh erein,

a nda renotintendedto lim itth eirscope. Th edra w ing scom prise:

F ig ure1, sh ow ing exem pla rym a pping of sig na ling to P UC C H resources;415

F ig ure2, sh ow ing a noth erexem pla rym a pping of sig na ling to P UC C H resources;

F ig ure3, sh ow ing a noth erexem pla rym a pping of sig na ling to P UC C H resources;

420

F ig ure4, sh ow ing a noth erexem pla rym a pping of sig na ling to P UC C H resources;

F ig ure5, sh ow ing a n exem pla ryterm ina lorUE ;

F ig ure6 , sh ow ing a n exem pla rynetw orknode;425

F ig ure7 , sh ow ing a n exem pla rym eth odof opera ting a term ina lorUE ;

F ig ure8 , sh ow ing a n exem pla ryterm ina lorUE ;

430

F ig ure9 , sh ow ing a n exem pla rym eth odof opera ting a netw orknode;a nd
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F ig ure10, sh ow ing a n exem pla rynetw orknode.

D eta ileddescription435

I n th efollow ing , referenceism a deto LTE tech nolog y, forillustra tion a ndcom pa rison.

H ow ev er, th e a pproa ch esdescribeda re notlim itedth ereto, a ndm a ybe a ppliedto

a na log ousdev ices, structuresa ndch a nnelse.g . in th econtextof N R:

440

I n F ig ure1, D L tra nsm ission issh ow n w h erea D L tra nsm ission issch eduledin slot

n a nd th e H A RQ feedba ck is requestedin slotn+1. Th e UE m a y be config ured

a ccording ly, e.g . v ia th e corresponding D C I , w h ich m a y com prise a corresponding

tim ing indica tor.

445

I n a ddition to th e tim ing , th e UE a lso needsto know th e exa ctP UC C H resource to

beusedw ith in slotn+ 1. In LTE –depending on P UC C H form a t–im plicita ndexplicit

sig na ling isused. F orP UC C H F orm a t1a /1b a nd2/2a /2b, im plicitsig na ling isused,

w h erein th eP UC C H resourceisderiv edfrom th eposition of th esch eduling P D C C H

C C E (in a ddition to RRC config uredpa ra m eters). F oroth erP UC C H form a ts, a pool450

of P UC C H resourcesisconfig ured, a nda n A C K /N A C K Resource Indica tor(A RI ) is

usedto dyna m ica llyselectoneof th econfig uredresources.

G iv en th e a nticipa ted m uch h ig h er flexibility of P UC C H reporting in N R, itis

questiona bleif m a inlyrelying on im plicitsig na ling becom esnotv erycom plica teda nd455

m a ybe inefficient:F orexa m ple, if fortw o D L tra nsm issionsin differentslotsH A RQ

feedba ck sh ouldbe reportedin th e sa m e slotth ey w oulduse th e sa m e P UC C H

resourceif sch eduledfrom th esa m eP D C C H position (a ssum ing a sim ila rrulea sin

LTE ). To a v oidsuch a collision, a noth erP D C C H resource w ouldh a v e to be used

w h ich restrictscontrolch a nnelsch eduling . Itm a ybeconsideredto config ure, e.g . v ia460

RRC sig na ling , a poolof P UC C H resourcesa nddyna m ica llyselectw h ich P UC C H

resource to use. O ne possibility for th is dyna m ic indica tion is th e A C K /N A C K

ResourceIndica tor(A RI ) includedin th eD C I .
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I n F ig ure 2, a noth ersch eduling exa m ple is sh ow n w h ere a UE is sch eduled in465

subsequentslotsw ith D L tra nsm issions. D ue to la ck of P UC C H opportunities(e.g .

no UL opportunities), H A RQ feedba ckfora llsh ow n tra nsm issionsisrequestedin slot

n+3. In pa rticula r, F ig ure 2 sh ow sa scena rio in w h ich a dev ice (UE ) issch eduled

m ultiple tim es (for dow nlink da ta ) a nd sh ould send H A RQ feedba ck for a ll

tra nsm issionsin slotn+3. Th eA C K /N A C K tim ing indica torincludedin th eD C Ispoints470

fora ll tra nsm issions to slotn+3. Th e A RIs includedin th e D C Is pointto different

P UC C H resourcesto a v oidcollisions.

W h ileth isw orksin principle, itm a ynotbeth em ostefficientsolution. In th eexa m ple

sh ow n in F ig ure 2, th e UE w ouldh a v e to tra nsm itth ree independentP UC C H in475

subfra m en+ 3, e.g . differentm essa g es. Th isissub-optim um from m a nyperspectiv es:

O ne jointly coded tra nsm issions w ith 3 bits (a ssum ing forsim plicity ea ch H A RQ

feedba ck consists of a sing le bit) ca n be m ore efficientth a n 3 indiv idua l

tra nsm issions;som eof th eN RP UC C H form a tsw illbeof low P A P Rw h ich w illbelost

if m ultiple P UC C H a re tra nsm itted sim ulta neously; depending on th e frequency480

positions of th e P UC C H resources pow er ba ck-offs m ig h tbe required due to

interm odula tion products.

Itm a ybeconsideredto a llow requesting H A RQ feedba ckfrom D L tra nsm issionsfrom

differentslots in one P UC C H tra nsm issions, a s sh ow n F ig ure 3. A ll A RI in th e485

receiv edD C Ispointto th esa m eP UC C H resource(0 in th isexa m ple). Th eP UC C H

form a tm ustbeca pa bleto ca rrym ultiplebitsin differentsubstructures. A ccording ly,

H A RQ feedba ck of m ultiple D L tra nsm issions is tra nsm itted on a sing le P UC C H

tra nsm ission/m essa g e, respectiv ely is jointly encoded/m odula ted (P UC C H is

com pletelytra nsm ittedin slotn+3).490
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I f th e UE m isses a D L a ssig nm ent(config ura tion), itis nota w a re itsh ouldreport

H A RQ feedba cka nddoesnotsenda n A C K orN A C K . A ssum ing th eUE m issesth e

a ssig nm entin slotn a ndreceiv esth e a ssig nm entsin slotsn+1 a ndn+3. Th e UE

th erefore sends only tw o feedba ck bits, one forslotn+1 a nd one forslotn+3.495

H ow ev er, th e g N B expectsth ree bits(one bitforea ch sch eduledslotn, n+1, a nd

n+3). I f itonlyreceiv esone ortw o bitsitdoesnotknow to w h ich D L tra nsm issions

th e feedba ck corresponds to. O nly if th ree bits feedba ck orno feedba ck a ta ll is

receiv edth esitua tion isclea r.

500

Th us, in a v a ria nt, th eA C K /N A C K tim ing indica tors(T in th efig ures) conta inedin th e

D C Isa reused1) forindica ting in w h ich slotth efeedba cksh ouldbetra nsm ittedin,

a nd2) forindica ting , ora sa pointerto a substructure w ith in th e P UC C H resource

(respectiv elyth ea ssocia teduplinksig na ling form a t) indica tedbyA RI w ith w h ich sub-

resource/substructure(e.g . bitin a bitm a p) th efeedba cksh ouldbetra nsm itted.505

Th eerrorca seoutlineda bov eth usisa v oided. E v en if UE m issessom ea ssig nm ents

(config ura tions orsch eduledda ta ), itis a lw a ys clea rto w h ich D L tra nsm ission a

receiv eda H A RQ feedba ckcorrespondsto. Th isreducesrequiredre-tra nsm issions

a ndbyth a tim prov esth roug h put. A ccording ly, H A RQ feedba ckreporting a ccording510

to th eproposedsolution (P UC C H resource0iscom pletelytra nsm ittedin slotn+ 3).

Th eA C K /N A C K tim ing indica torT indica tesin w h ich slotth eH A RQ feedba ckof th e

corresponding D L tra nsm ission sh ouldbesent. In th eexa m ple, a llD L tra nsm issions

sh ouldbe a cknow ledg edin slotn+3. Th e T v a lue isdifferentin th e differentslots515

since itisrela tiv e to th e slotin w h ich th e D L da ta isreceiv ed(in a noth erv a ria ntit

couldberela tiv eto th eslotin w h ich th eD C I isreceiv edin).

H erein, itisa ssum edth a tth eA C K /N A C K tim ing indica torisreceiv edin th eD C I , oth er

possibilitiesca n be env isionedtoo, e.g . th e A C K /N A C K tim ing indica torisderiv ed520

from th eslotorsym bolnum ber. F urth erm ore, in th isexa m ple, a llD C I conta in a n A RI

v a lueof 0. F rom th eA C K /N A C K tim ing indica torT a ndth eA RI th eUE know sitsh ould

useP UC C H resource0 in slotn+3. Th eP UC C H resourceindica tedbyA RI m ustbe

a m ulti-bitresource, in th esh ow n exa m pleP UC C H resource0ca n ca rryfourH A RQ

feedba ckbits(ea ch in a n a ssocia tedbitfield, representing a substructure).525
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F rom th eA C K /N A C K tim ing indica torT th eUE know sitsh ouldsendH A RQ feedba ck

of D L tra nsm ission receiv edin slotn in bitfield3, H A RQ feedba ckof D L tra nsm ission

receiv edin slotn+1 in bitfield2, a ndH A RQ feedba ckof D L tra nsm ission receiv edin

slotn+3 in bitfield0. Th enotusedbitposition 1 w ouldbesetto fixedv a luebyth e530

UE , e.g . a N A C K . E v en if th eUE issch eduledbutitdoesnotreceiv eth esch eduling

a ssig nm ent(w h ich th eUE ca nnotdisting uish from notbeing sch eduled) itw ouldset

th ecorresponding bitposition to th esa m efixedv a lue.

A n extension w ouldbeth a tth eUE setsa bitposition corresponding to a notreceiv ed535

tra nsm ission notto N A C K butto D TX (w h ich indica tes itdid notreceiv e a n

a ssig nm ent);in th isw a yth eg N B coulddisting uish betw een a receiv edbutfa iledto

decode tra nsm ission a nda tra nsm ission th e UE didnotev en receiv e. H ow ev er, in

th isca seth efeedba ckisla rg ersinceea ch bitposition ca n a ssum eth ev a luesA C K ,

N A C K , a ndD TX. In th esim plestca seea ch “bit”position w ouldberepresentedby2540

bits; in a preferred w a y h ow ev er th e spa ce of a ll 4 resources w ould be jointly

considered:In a bov e exa m ple, th ere m a y be 4 positions, a nd ea ch position ca n

a ssum e 3 v a lues, in tota l3̂ 4 = 8 1 com bina tionsrequiring in tota lceil*log 2(8 1) = 7

bits.

545

I n th isexa m ple, th eA C K /N A C K tim ing indica torpointsdirectlyto th ebitin th ebitfield

(orm ore g enera lly P UC C H sub-resource w ith in th e P UC C H resource indica tedby

A RI ). M oreg enera lly, th eindexto th eP UC C H sub-resourceisa function f(T) of th e

receiv edA C K /N A C K tim ing indica tor.

550

I n th is exa m ple, itisa ssum edth a tea ch D L tra nsm ission isa cknow ledg edw ith a

sing le bitH A RQ feedba ck. H ow ev er, th is ca n ea sily be extendedw h ere ea ch D L

tra nsm ission (da ta elem ent) isa cknow ledg edbym ulti-bitfeedba ck(e.g . m ultiplebits

forM IM O ;if a D L tra nsm ission (tra nsportblock) is seg m entedinto m ultiple code

blocks a nd ea ch code block or g roup of code blocks ca n be a cknow ledg ed555

indiv idua lly w ith a bit;softfeedba ck w h ere m ultiple bits indica te th e deg ree h ow

successfulth edecoding w a sra ng ing from A C K to a lm ostA C K … to N A C K ). M ulti-bit

feedba ckcouldea silybecom binedw ith a bov em entionedD TX indica tion.
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O n a firstg la nceonecouldexpectth a tth ereisa perform a ncelosssinceth eP UC C H560

resource ca rriesfourbits, butonly th ree bitsfeedba ck a re neededin th e exa m ple

(since th ree tra nsm issions w ere sch eduled/config ured). H ow ev er, th e g N B know s

w h ich P UC C H sub-resourcesconta in A C K /N A C K (orpossibleD TX) (positions0, 2,

3) a ndknow sa fixedv a luew illbesig na ledon position 1. Th eg N B ca n considerth is

in decoding a ndbyth a tin pra cticeonlydecodefor3bitsw ith sm a llorno perform a nce565

loss.

G enera lly, th e A RI m a y be consideredto selecta m ong orbetw een resourcesin a

config uredpoolof P UC C H resources (e.g . a ll P UC C H resourcesa re of th e sa m e

form a torca rryth esa m epa yloa dsize). Th isconceptm a ybeextendedsuch th a tA RI570

ca n pointto selectbetw een config ured P UC C H resources of differentform a tor

pa yloa d:In th e exa m ple in F ig ure 4, P UC C H resource 0 isca pa ble to ca rry4 bits,

w h ileP UC C H resources1to 3ca n ca rryonly1bitea ch .

In th e description a sepa ra te A RI fielda ndA C K /N A C K tim ing indica tion isusedto575

representa n a cknow ledg em entposition indica tion. H ow ev er, itm a ybe considered

th a ta cknow ledg em entposition indica tion m a yberepresentedbyoneindica tion, e.g .

jointlyencodedinform a tion, such th a tforexa m ple both A RI a ndA C K /N A C K tim ing

indica torca n bederiv edth erefrom .

580

I n g enera l, itm a y be consideredth a tth e A C K /N A C K tim ing indica torisreusedto

selecta P UC C H sub-resourcew ith in th eP UC C H resourcepointedoutbyA C K /N A C K

resourceindica tor(A RI ). Th econceptof A RI m a ybeextendedso th a tA RI ca n select

w ith in a poolof config uredP UC C H resourcesw h ich a renotequa l(i.e. eith erdifferin

form a ttypeorsupportedpa yloa d).585

F ig ure5sch em a tica llysh ow sa term ina l10, w h ich m a ybeim plem enteda sa UE (User

E quipm ent). Term ina l10 com prisesprocessing circuitry(w h ich m a ya lso bereferred

to a scontrolcircuitry) 20, w h ich m a ycom prise a controllerconnectedto a m em ory.

A nym odule of th e term ina l, e.g . a tra nsm itting m oduleorreceiv ing m odule, m a ybe590

im plem ented in a nd/orexecuta ble by, th e processing circuitry 20, in pa rticula ra s

m odule in th e controller. Term ina l 10 a lso com prises ra dio circuitry 22 prov iding

receiv ing a ndtra nsm itting ortra nsceiv ing functiona lity(e.g ., oneorm oretra nsm itters
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a nd/or receiv ers a nd/or tra nsceiv ers), th e ra dio circuitry 22 being connected or

connecta ble to th e control circuitry. A n a ntenna circuitry 24 of th e term ina l 10 is595

connectedorconnecta ble to th e ra dio circuitry 22 to collectorsenda nd/ora m plify

sig na ls. Ra dio circuitry22a ndth eprocessing circuitry20controlling ita reconfig ured

forcellula rcom m unica tion w ith a netw ork, e.g . a RA N a sdescribedh erein. Term ina l

10m a yg enera llybea da ptedto ca rryouta nyof th em eth odsforopera ting a term ina l

orUE disclosedh erein;in pa rticula r, itm a y com prise corresponding circuitry, e.g .600

processing circuitry, a nd/orm odules.

F ig ure6 sch em a tica llysh ow a netw orknode100, w h ich in pa rticula rm a ybea n eN B ,

org N B orsim ila rforN R. N etw orknode100com prisesprocessing circuitry(w h ich m a y

a lso bereferredto a scontrolcircuitry) 120, w h ich m a ycom prisea controllerconnected605

to a m em ory. A nym odule, e.g . tra nsm itting m odule a nd/orreceiv ing m odule a nd/or

config uring m oduleof th enetw orknode100m a ybeim plem entedin a nd/orexecuta ble

byth e processing circuitry120. Th e processing circuitry120 isconnectedto control

ra dio circuitry122ofth era dio node100, w h ich prov idesreceiv era ndtra nsm ittera nd/or

tra nsceiv erfunctiona lity (e.g ., com prising one orm ore tra nsm ittersa nd/orreceiv ers610

a nd/ortra nsceiv ers). A n a ntenna circuitry 124 m a y be connectedorconnecta ble to

ra dio circuitry 122 forsig na l reception or tra nsm itta nce a nd/ora m plifica tion. Th e

netw ork node 100 m a y be a da ptedto ca rry outa ny of th e m eth odsforopera ting a

netw orknodedisclosedh erein;in pa rticula r, itm a ycom prisecorresponding circuitry,

e.g . processing circuitry, a nd/orm odules. Th ea ntenna 124circuitrym a ybeconnected615

to a nd/orcom prisea n a ntenna a rra y. Th enetw orknode100, respectiv elyitscircuitry,

m a y be a da pted to tra nsm itconfig ura tion da ta a nd/orto config ure a term ina l a s

describedh erein.

F ig ure 7 sh ow sa dia g ra m fora n exem pla rym eth odof opera ting a term ina loruser620

equipm ent. Th em eth odcom prisesa n a ction TS10 of tra nsm itting a cknow ledg em ent

sig na ling perta ining to dow nlink da ta , th e dow nlink da ta com prising one orm ore

dow nlinkda ta elem ents;w h erein tra nsm itting a cknow ledg em entsig na ling isperform ed

a sdescribedh erein.

625

F ig ure 8 sh ow sa sch em a tic of a n exem pla ryterm ina loruserequipm ent. Th e user

equipm entm a ycom prisea tra nsm itting m oduleTM 10forperform ing a ction TS10.
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F ig ure9 sh ow sa dia g ra m fora n exem pla rym eth odof opera ting a netw orknode. Th e

m eth od com prises a n a ction N S10 of tra nsm itting dow nlink control sig na ling630

com prising a n a cknow ledg em entposition indica tion a sdescribedh erein.

F ig ure10sh ow sa sch em a tic of a n exem pla rynetw orknode. Th enetw orknodem a y

com prisea tra nsm itting m oduleN M 10forperform ing a ction N S10.

635

I n th e contextof th is disclosure, H A RQ A C K /N A C K (a cknow ledg e fora correctly

receiv edblock of da ta , nota cknow ledg edfora notcorrectlyreceiv edblock of da ta )

feedba ckm a yreferto feedba ck(e.g . a corresponding sig na ltra nsm itted, w h ich m a y

com prise1 orm orebits) prov ided(e.g . on th eUL) bya term ina l, e.g . to a netw orkor

netw orknodein responseto da ta tra nsm ittedto it(e.g . on th eD L). H A RQ A C K //N A C K640

inform a tion orfeedba ck (orsh orterH A RQ -A C K inform a tion orfeedba ck orH A RQ

inform a tion orfeedba ckorjustH A RQ ) m a yincludetra nsm itting a sig na l/bitindica ting

w h eth era tra nsportblockof da ta receiv edbyth eterm ina lh a sbeen receiv ercorrectly

ornot. H A RQ a nd/ordeterm ining H A RQ m a yincludedecoding a nd/orerrordetection

proceduresto determ inecorrectreception. Th erem a ybedefineda num berof H A RQ645

processesw ith a ssocia tedH A RQ idsornum bers, w h ich m a yreferto indiv idua lda ta

strea m s a nd/ora ssocia ted da ta elem ents;a H A RQ response orfeedba ck from a

term ina l(e.g . a H A RQ bit) m a ybea ssocia tedto oneof th eH A RQ processesorids. In

som ev a ria nt, H A RQ feedba ckm a ycom priseonebitperD L ca rrier;in oth erv a ria nt,

H A RQ feedba ckm a ycom prisetw o (orm oreth a n tw o) bitsperca rrier, e.g . dependent650

on th era nkused. G enera lly, H A RQ feedba ckm a ybetra nsm itted(a nd/ordeterm ined,

e.g . ba sed on receiv ed sig na ls a nd/ortra nsportblocks a nd/orda ta a nd/orH A RQ

process identifiers) by a term ina l, a nd/or a term ina l m a y be a da pted for, a nd/or

com prise a H A RQ m odule for, determ ining (e.g ., a s m entioned a bov e) a nd/or

tra nsm itting H A RQ feedba ck, in pa rticula rba sedon a nd/orusing a config ura tion a nd/or655

a m odula tion config ured, e.g . a m odula tion determ ineda nd/orconfig ureda sdescribed

h erein. Tra nsm itting H A RQ m a yg enera llybeperform edon a UL controlch a nnel, e.g .

P UC C H .
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Th ereisg enera llyconsidereda prog ra m productcom prising instructionsa da ptedfor660

ca using processing a nd/orcontrolcircuitry to ca rry outa nd/orcontrola ny m eth od

described h erein, in pa rticula r w h en executed on th e processing a nd/or control

circuitry. A lso, th ere is considereda ca rrierm edium a rra ng em entca rrying a nd/or

storing a prog ra m producta sdescribedh erein.

665

A ca rrierm edium a rra ng em entm a ycom priseoneorm oreca rrierm edia . G enera lly, a

ca rrier m edium m a y be a ccessible a nd/or rea da ble a nd/or receiv a ble by control

circuitry. Storing da ta a nd/ora prog ra m producta nd/orcodem a ybeseen a spa rtof

ca rrying da ta a nd/ora prog ra m producta nd/orcode. A ca rrierm edium g enera llym a y

com prise a g uiding /tra nsporting m edium a nd/or a stora g e m edium . A670

g uiding /tra nsporting m edium m a y be a da pted to ca rry a nd/or ca rry a nd/or store

sig na ls, in pa rticula relectrom a g netic sig na lsa nd/orelectrica lsig na lsa nd/orm a g netic

sig na lsa nd/oroptica lsig na ls. A ca rrierm edium , in pa rticula ra g uiding /tra nsporting

m edium , m a ybe a da ptedto g uide such sig na lsto ca rryth em . A ca rrierm edium , in

pa rticula ra g uiding /tra nsporting m edium , m a ycom priseth eelectrom a g neticfield, e.g .675

ra dio w a v es orm icrow a v es, a nd/oroptica lly tra nsm issiv e m a teria l, e.g . g la ss fiber,

a nd/orca ble. A stora g em edium m a ycom prisea tlea stoneof a m em ory, w h ich m a y

bev ola tileornon-v ola tile, a buffer, a ca ch e, a n optica ldisc, m a g netic m em ory, fla sh

m em ory, etc.

680

A w irelesscom m unica tion netw orkm a ybea nd/orcom prisea Ra dio A ccessN etw ork

(RA N ), w h ich m a y be a nd/orcom prise a ny kind of cellula ra nd/orw ireless ra dio

netw ork, w h ich m a ybeconnectedorconnecta bleto a corenetw ork. Th ea pproa ch es

describedh erein a repa rticula rlysuita blefora 5G netw ork, e.g . LTE E v olution a nd/or

N R(N ew Ra dio), respectiv elysuccessorsth ereof. A RA N m a ycom priseoneorm ore685

netw orknodes. A netw orknodem a yin pa rticula rbea ra dio nodea da ptedforra dio

a nd/orw irelessa nd/orcellula rcom m unica tion w ith oneorm oreterm ina ls. A term ina l

m a ybea nydev icea da ptedforra dio a nd/orw irelessa nd/orcellula rcom m unica tion

w ith orw ith in a RA N , e.g . a userequipm ent(UE ) orm obileph oneorsm a rtph oneor

com puting dev ice orv eh icula rcom m unica tion dev ice ordev ice form a ch ine-type-690

com m unica tion (M TC ), etc. A term ina lm a ybem obile, orin som eca sessta tiona ry.
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Tra nsm itting in dow nlink m a y perta in to tra nsm ission from th e netw ork ornetw ork

node to th e term ina l. Tra nsm itting in uplink m a y perta in to tra nsm ission from th e

term ina lto th enetw orkornetw orknode.695

Sig na ling m a yg enera llycom priseoneorm oresig na lsa nd/oroneorm oresym bols.

Referencesig na ling m a ycom priseoneorm orereferencesig na lsorsym bols.

A resource elem entm a yg enera llydescribe th e sm a llestindiv idua llyusa ble a nd/or700

encoda ble a nd/or decoda ble a nd/or m odula ta ble a nd/or dem odula ta ble tim e-

frequency resource, a nd/or m a y describe a tim e-frequency resource cov ering a

sym boltim eleng th in tim ea nda subca rrierin frequency. A sig na lm a ybea lloca ta ble

a nd/ora lloca tedto a resourceelem ent. A subca rrierm a ybea subba ndof a ca rrier,

e.g . a sdefinedby a sta nda rd. A ca rrierm a y define a frequency a nd/orfrequency705

ba nd for tra nsm ission a nd/or reception. I n som e v a ria nts, a sig na l (jointly

encoded/m odula ted) m a y cov er m ore th a n one resource elem ents. A resource

elem entm a yg enera llybea sdefinedbya corresponding sta nda rd, e.g . N RorLTE .

A resource g enera llym a yrepresenta tim e-frequencyresource, on w h ich sig na ling710

a ccording to a specific form a tm a y be tra nsm itted a nd/or be intended for

tra nsm ission. Th e form a tm a y com prise one orm ore substructures, w h ich m a y be

consideredto representa corresponding sub-resource(a sth eyw ouldbetra nsm itted

in a pa rtof th eresource).

715

Th e term tra nsm ission tim e interv a l (TTI ) m a y correspondto a ny tim e period(T0)

ov er w h ich a ph ysica l ch a nnel ca n be encoded a nd optiona lly interlea v ed for

tra nsm ission. Th eph ysica lch a nnelm a ybedecodedbyth ereceiv erov erth esa m e

tim e period(T0) ov erw h ich itw a s encoded. E xa m ples of TTI com prise sh ortTTI

(sTTI), tra nsm ission tim e, slot, sub-slot, m ini-slot, m ini-subfra m e etc. A TTI m a y720

com prisea oneorm oresym boltim einterv a ls, a nd/oroneortw o slottim einterv a ls,

w h erein e.g . 7 sym bol tim e interv a lsm a y correspondto a slottim e interv a l. Tim e

interv a l-rela tedterm sm a ybe consideredto follow 3G P P nom encla ture. A m ini-slot

orsh ortenedslotorsh ortTTI m a ycorrespondto a plura lityof sym boltim einterv a ls,

e.g . 2or3or4or5or6 or7 sym boltim einterv a ls.725
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C onfig uring a ra dio node, in pa rticula ra term ina loruserequipm ent, m a yreferto th e

ra dio nodebeing a da ptedorca usedorsetto opera tea ccording to th econfig ura tion.

C onfig uring m a ybedonebya noth erdev ice, e.g ., a netw orknode(forexa m ple, a ra dio

nodeof th enetw orklikea ba sesta tion oreN odeB ) ornetw ork, in w h ich ca seitm a y730

com prise tra nsm itting config ura tion da ta to th e ra dio node to be config ured. Such

config ura tion da ta m a yrepresentth econfig ura tion to beconfig ureda nd/orcom prise

oneorm oreinstruction perta ining to a config ura tion, e.g ., reg a rding a freezeinterv a l

a nd/ora tra nsm ission sta rtinterv a l. A ra dio nodem a yconfig ureitself, e.g ., ba sedon

config ura tion da ta receiv edfrom a netw ork ornetw ork node. A netw ork node m a y735

utilise, a nd/orbea da ptedto utilise, itscircuitry/iesforconfig uring .

G enera lly, config uring m a y include determ ining config ura tion da ta representing th e

config ura tion a ndprov iding itto oneorm oreoth ernodes(pa ra llela nd/orsequentia lly),

w h ich m a y tra nsm ititfurth erto th e ra dio node (ora noth ernode, w h ich m a y be740

repea teduntilitrea ch esth ew irelessdev ice). A lterna tiv elyora dditiona lly, config uring

a ra dio node, e.g ., by a netw ork node or oth er dev ice, m a y include receiv ing

config ura tion da ta a nd/orda ta perta ining to config ura tion da ta , e.g ., from a noth ernode

like a netw ork node, w h ich m a y be a h ig h er-lev el node of th e netw ork, a nd/or

tra nsm itting receiv edconfig ura tion da ta to th era dio node. A ccording ly, determ ining a745

config ura tion a nd tra nsm itting th e config ura tion da ta to th e ra dio node m a y be

perform edbydifferentnetw orknodesorentities, w h ich m a ybea bleto com m unica te

v ia a suita ble interfa ce, e.g ., a n X2 interfa ce in th e ca se of LTE ora corresponding

interfa ce forN R. C onfig uring a term ina l m a y com prise sch eduling dow nlink a nd/or

uplink tra nsm issions for th e term ina l, e.g . dow nlink da ta a nd/or dow nlink control750

sig na ling a nd/orD C I a nd/oruplinksig na ling , in pa rticula ra cknow ledg em entsig na ling ,

a nd/orconfig uring resourcesa nd/ora resourcepoolth erefor.

In th isdisclosure, forpurposesof expla na tion a ndnotlim ita tion, specificdeta ilsa reset

forth (such a spa rticula rnetw orkfunctions, processesa ndsig na ling steps) in orderto755

prov idea th oroug h understa nding of th etech niquepresentedh erein. Itw illbea ppa rent

to oneskilledin th ea rtth a tth epresentconceptsa nda spectsm a ybepra cticedin oth er

v a ria ntsa ndv a ria ntsth a tdepa rtfrom th esespecific deta ils.
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F orexa m ple, th econceptsa ndv a ria ntsa repa rtia llydescribedin th econtextof Long760

Term E v olution (LTE ) orLTE -A dv a nced(LTE -A ) orN extRa dio m obile orw ireless

com m unica tionstech nolog ies;h ow ev er, th isdoesnotruleoutth euseof th epresent

concepts a nd a spects in connection w ith a dditiona l or a lterna tiv e m obile

com m unica tion tech nolog iessuch a sth e G loba lSystem forM obileC om m unica tions

(G SM ). W h ileth efollow ing v a ria ntsw illpa rtia llybe describedw ith respectto certa in765

Tech nica lSpecifica tions(TSs) of th eTh irdG enera tion P a rtnersh ip P roject(3G P P ), it

w illbe a pprecia tedth a tth e presentconceptsa nda spectscoulda lso be rea lizedin

connection w ith differentP erform a nceM a na g em ent(P M ) specifica tions.

M oreov er, th oseskilledin th ea rtw illa pprecia teth a tth eserv ices, functionsa ndsteps770

expla inedh erein m a ybeim plem entedusing softw a refunctioning in conjunction w ith a

prog ra m m ed m icroprocessor, or using a n A pplica tion Specific Integ ra ted C ircuit

(A S IC ), a D ig ita lSig na lP rocessor(D SP ), a F ieldP rog ra m m a bleG a teA rra y(F P G A )

or g enera l purpose com puter. Itw ill a lso be a pprecia ted th a tw h ile th e v a ria nts

describedh erein a reelucida tedin th econtextof m eth odsa nddev ices, th econcepts775

a nda spectspresentedh erein m a ya lso beem bodiedin a prog ra m producta sw ella s

in a system com prising control circuitry, e.g . a com puterprocessora nda m em ory

coupledto th eprocessor, w h erein th em em oryisencodedw ith oneorm oreprog ra m s

orprog ra m productsth a texecuteth eserv ices, functionsa ndstepsdisclosedh erein.

780

Itisbeliev edth a tth e a dv a nta g esof th e a spectsa ndv a ria ntspresentedh erein w ill

befullyunderstoodfrom th eforeg oing description, a nditw illbea ppa rentth a tv a rious

ch a ng esm a ybem a dein th eform , constructionsa nda rra ng em entof th eexem pla ry

a spects th ereof w ith outdepa rting from th e scope of th e concepts a nd a spects

describedh erein orw ith outsa crificing a llof itsa dv a nta g eouseffects. Th e a spects785

presentedh erein ca n bev a riedin m a nyw a ys.

Som eusefula bbrev ia tionscom prise:

A bbrev ia tion E xpla na tion790

A C K A cknow ledg m ent

A RI A C K /N A C K ResourceIndica tor

C C E C ontrolC h a nnelE lem ent
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D C I D ow nlinkC ontrolInform a tion

D L D ow nlink795

D TX D iscontinuesTra nsm ission

H A RQ H ybridA utom a tic Repea tRequest

M IM O M ultipleInputM ultipleO utput

N A C K N eg a tiv eA cknow ledg m ent

P A P R P ea kto A v era g eP ow erRa tio800

P D C C H P h ysica lD ow nlinkC ontrolC h a nnel

P UC C H P h ysica lUplinkC ontrolC h a nnel

RRC Ra dio ResourceC ontrol

UL Uplink

805
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C la im s

810

1. UserE quipm ent(10), UE , fora Ra dio A ccessN etw ork, th eUE (10) being a da pted

fortra nsm itting a cknow ledg em entsig na ling perta ining to dow nlinkda ta , th edow nlink

da ta com prising oneorm oredow nlinkda ta elem ents;w h erein th ea cknow ledg em ent

sig na ling h a s a n uplink sig na ling form a tcom prising one orm ore a cknow ledg em ent

substructures, ea ch of th e substructures ca rrying a cknow ledg em entinform a tion815

perta ining to a dow nlink da ta elem ent;w h erein furth erea ch of th e a cknow ledg m ent

substructuresism a ppedto a differentof th edow nlinkda ta elem entsba sedon a tlea st

one a cknow ledg em entposition indica tion prov ided in dow nlink control sig na ling

receiv edbyth eUE (10);

th ea cknow ledg em entposition indica tion com prising a tim ing indica tion;820

th etim ing indica tion indica ting a slotfortra nsm itting th ea cknow ledg em ent

sig na ling ;

th e a cknow ledg em entposition indica tion furth ercom prising a resource

selection indica tion indica ting a P h ysica lUplink C ontrolC h a nnel, P UC C H , resource

fortra nsm itting th ea cknow ledg em entsig na ling ,825

th eP UC C H resourcebeing a tim e-frequencyresourcea ndbeing selected

byth eresourceselection indica tion from a poolof resourcesconfig uredto th eUE to

bea v a ila blefortra nsm itting th ea cknow ledg em entsig na ling in th eslotindica tedbyth e

tim ing indica tion;

w h erein furth erresourcesof th econfig uredpoolof resourcesth eP UC C H830

resource fortra nsm itting th e a cknow ledg em entsig na ling h a v e differenta ssocia ted

form a tsfortra nsm ission of th ea cknow ledg em entsig na ling ordifferentpa yloa dsize.

2. N etw ork node (100) fora Ra dio A ccess N etw ork, th e netw ork node (100) being

a da ptedfortra nsm itting dow nlink controlsig na ling com prising a n a cknow ledg em ent835

position indica tion; w h erein th e a cknow ledg em entposition indica tion indica tes a

m a pping of a tlea stonea cknow ledg em entsubstructureof a n uplinksig na ling form a t

com prising one orm ore a cknow ledg em entsubstructures to a corresponding da ta

elem entof dow nlink da ta , w h erein furth er th e a cknow ledg em entsubstructure is

m a ppedforca rrying a cknow ledg em entinform a tion perta ining to th e dow nlink da ta840

elem ent;

th ea cknow ledg em entposition indica tion com prising a tim ing indica tion;
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th etim ing indica tion indica ting a slotfortra nsm itting th ea cknow ledg em ent

sig na ling ;

th e a cknow ledg em entposition indica tion furth ercom prising a resource845

selection indica tion indica ting a P h ysica lUplink C ontrolC h a nnel, P UC C H , resource

fortra nsm itting th ea cknow ledg em entsig na ling ,

th eP UC C H resourcebeing a tim e-frequencyresourcea ndbeing selected

byth eresourceselection indica tion from a poolof resourcesconfig uredto th eUE to

bea v a ila blefortra nsm itting th ea cknow ledg em entsig na ling in th eslotindica tedbyth e850

tim ing indica tion;

w h erein furth erresourcesof th econfig uredpoolof resourcesth eP UC C H

resource fortra nsm itting th e a cknow ledg em entsig na ling h a v e differenta ssocia ted

form a tsfortra nsm ission of th ea cknow ledg em entsig na ling ordifferentpa yloa dsize.

855

3. M eth odof opera ting a UserE quipm ent(10), UE , in a Ra dio A ccessN etw ork, th e

m eth od com prising tra nsm itting a cknow ledg em entsig na ling perta ining to dow nlink

da ta , th edow nlinkda ta com prising oneorm oredow nlinkda ta elem ents;w h erein th e

a cknow ledg em entsig na ling h a s a n uplink sig na ling form a tcom prising one orm ore

a cknow ledg em ent substructures, ea ch of th e substructures ca rrying860

a cknow ledg em entinform a tion perta ining to a dow nlinkda ta elem ent;w h erein furth er

ea ch of th e a cknow ledg m entsubstructuresism a ppedto a differentof th e dow nlink

da ta elem entsba sedon a tlea stonea cknow ledg em entposition indica tion prov idedin

dow nlinkcontrolsig na ling receiv edbyth eUE (10);

th ea cknow ledg em entposition indica tion com prising a tim ing indica tion;865

th etim ing indica tion indica ting a slotfortra nsm itting th ea cknow ledg em ent

sig na ling ;

th e a cknow ledg em entposition indica tion furth ercom prising a resource

selection indica tion indica ting a P h ysica lUplink C ontrolC h a nnel, P UC C H , resource

fortra nsm itting th ea cknow ledg em entsig na ling ,870

th eP UC C H resourcebeing a tim e-frequencyresourcea ndbeing selected

byth eresourceselection indica tion from a poolof resourcesconfig uredto th eUE to

bea v a ila blefortra nsm itting th ea cknow ledg em entsig na ling in th eslotindica tedbyth e

tim ing indica tion;



28

w h erein furth erresourcesof th econfig uredpoolof resourcesth eP UC C H875

resource fortra nsm itting th e a cknow ledg em entsig na ling h a v e differenta ssocia ted

form a tsfortra nsm ission of th ea cknow ledg em entsig na ling ordifferentpa yloa dsize.

4. M eth odof opera ting a netw orknode(100) in a Ra dio A ccessN etw ork, th em eth od

com prising :tra nsm itting dow nlink controlsig na ling com prising a n a cknow ledg em ent880

position indica tion; w h erein th e a cknow ledg em entposition indica tion indica tes a

m a pping of a tlea stonea cknow ledg em entsubstructureof a n uplinksig na ling form a t

com prising one orm ore a cknow ledg em entsubstructures to a corresponding da ta

elem entof dow nlinkda ta , w h erein th ea cknow ledg em entsubstructureism a ppedfor

ca rrying a cknow ledg em entinform a tion perta ining to th edow nlinkda ta elem ent885

th ea cknow ledg em entposition indica tion com prising a tim ing indica tion;

th etim ing indica tion indica ting a slotfortra nsm itting th ea cknow ledg em ent

sig na ling ;

th e a cknow ledg em entposition indica tion furth ercom prising a resource

selection indica tion indica ting a P h ysica lUplink C ontrolC h a nnel, P UC C H , resource890

fortra nsm itting th ea cknow ledg em entsig na ling ,

th eP UC C H resourcebeing a tim e-frequencyresourcea ndbeing selected

byth eresourceselection indica tion from a poolof resourcesconfig uredto th eUE to

bea v a ila blefortra nsm itting th ea cknow ledg em entsig na ling in th eslotindica tedbyth e

tim ing indica tion;895

w h erein furth erresourcesof th econfig uredpoolof resourcesth eP UC C H

resource fortra nsm itting th e a cknow ledg em entsig na ling h a v e differenta ssocia ted

form a tsfortra nsm ission of th ea cknow ledg em entsig na ling ordifferentpa yloa dsize.

5. M eth odordev icea ccording to oneof th e preceding cla im s, w h erein th e dow nlink900

control sig na ling a nd th e dow nlink da ta a re tra nsm itted on differentch a nnels, in

pa rticula rdifferentph ysica lch a nnels.

6 . M eth od or dev ice a ccording to one of th e preceding cla im s, w h erein

a cknow ledg em ent inform a tion represents a n a cknow ledg m ent or non-905

a cknow ledg em entof correctreception of th e corresponding da ta elem ent, a nd

optiona llyrepresentsa n indica tion of non-reception.
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7 . M eth od or dev ice a ccording to one of th e preceding cla im s, w h erein th e

a cknow ledg em entposition indica tion isselectiv ebetw een tw o orm oredifferentuplink910

sig na ling form a ts.

8 . M eth od or dev ice a ccording to one of th e preceding cla im s, w h erein th e

a cknow ledg m entposition indica tion indica tesa tim ing a nd/orresourcefortra nsm itting

th ea cknow ledg em entsig na ling .915

9 . M eth odordev icea ccording to oneof th e preceding cla im s, w h erein th e dow nlink

control sig na ling com prises one orm ore m essa g es, w h erein ea ch m essa g e m a y

com prisea tlea stonea cknow ledg em entposition indica tion.

920

10. M eth od or dev ice a ccording to one of th e preceding cla im s, w h erein th e

a cknow ledg m entposition indica tion perta insto onedow nlinkda ta elem ent.

11. M eth od or dev ice a ccording to one of th e preceding cla im s, w h erein th e925

a cknow ledg em entposition indica tion com prises a tim ing indica tion like a tim ing

pa ra m eter, th e tim ing indica tion indica ting a tim ing for tra nsm itting th e

a cknow ledg em entsig na ling , a s w ell a s indica ting to w h ich a cknow ledg em ent

substructureof a resourcea da ta elem entism a pped.

930

12. M eth odordev ice a ccording to one of th e preceding cla im s, w h erein a tim ing

representsa tim einterv a llikea slotfortra nsm itting th ea cknow ledg em entsig na ling .

13. P rog ra m productcom prising instructionsca using processing circuitryto perform

a nd/orcontrola m eth oda ccording to oneof cla im s3to 12.935

14. C a rrierm edium a rra ng em entca rrying a nd/orstoring a prog ra m producta ccording

to cla im 13.

940


