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(57) Abstract: A user equipment (UE) may perform a random access procedure to synchronize with a network for uplink and/or
downlink communication. The UE may transmit a first type of random access transmission that includes transmitting a preamble or
a second type of random access transmission that includes transmitting a preamble and a random access message. The second type
may result in reduced delay but may have lesser SNR tolerance than the first type. In some aspects, the UE may determine whether to
transmit the first type or the second type, and may transmit the first type or the second type in a random access channel portion of a
slot. The random access channel portion of the slot may be occupied by portions of either the first type of random access transmission
or the second type of random access transmission, thereby enabling tlexible utilization of multiple types of random access procedure.
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TECHNIQUES AND APPARATUSES FORMULTIPLE TYPES OF PHYSICAL
RANDOM ACCESS CHANNEL (PRACH) TRANSMISSION UTILIZATION

BACRKGROUND
Field
Aspeots of the present disclosure generally relale to wireless conummication, and more
particolarly fo technigues snd appavatuses for multiple tvpes of physical randont access
channal (PRACH) transmission utifieation.
Backyround
Wireless compumication systems sre widely deployed o provide various feleconununication
serviges. such as telephony, vides, data, messaging,. and broadeasts.. Typlead wircless
corgraunication systenw may employ muliiple-aceosss technologies capable of supposting
conununication with mudtiple asers by sharing available systens resourees {e.g., bamdwidid,
transmit power, and/or the kel Examples of such multiple-access technologies include code
division mudtiple socess (CMAY systems, time divistoromultiple access {TIIMAY svstems,
frequency-division nwitiple access (FDMAY systems, orthogonal freguency-division nultiple
gocess (OFDMA)Y systems, single-cartier fagqueney-division multiple acvess (8C-FDMA)
sy stems, time division synchronons code division multiple sceess {TD-SCDMAY systermy,
and Lovg Term Bvolution (L.TE). LTEATE-Advanced 15 a sel of cobancements to the
Lintversal Mobile Telecommunications Systent (LIMTS) mobile standard proomilgated by the
Third Generation Partnership Projest (30PPY
A wireless communication network may include a munber of hase stations (BSs) that can
support communication for a muomber of gser egniprient fUBSY A UE may commumicate with
5 BY wvia the downlink and uplink.  The downlink {or forward Hnk) refers o the
sommanication lnk from the BS 1o the UE, and the uplink (or reverse hok) refers to the
ovmrnunicntion Hnk from the UE to the BS. As will be described in more defail herein, a BY
nyay he reforred toas a MNode B, a gNB, an sccess point (AP}, a radio head, 8 transmit receive
point {TRP), & 5GBS, o 3G Node B, andfor the hke.
The shove multiple access technologies have been adopted in varfous telecoramunication
standards o provide & common protopel that ovebles different wireless conmmumication
devices tr cormmurnicate o 8 onicipal, nattonsl, regiongd, and even global level: 8Gisaset
of enhsncements o the LTE mobile standard promudgated. by the Third. Generation
Partnership Project (3GPP). 3G & designed o belter support mobile broadband Internet
sceess by inproving spectral efficiency, Jowering costs, improving services, saking wse of
new spectrum, and betler imagmtmg v«.-‘iﬁ'} other open standards using OFDM with a oyclic
prefiy (OF) (CP-OFDM) on the downlink (DLY using CR-OF DM andior RC-FIIM (e also
knowsn as discrete Fourker transform spread ODEM (DFT-s-OFDNY) on the aplink (1L, as
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well as  supporting  boassdorming,  moltipledsput mudtiple-oupue: (MIMO)  anterna
techiobogy, and carvier aggvegation. However, as the demand for mobile broadband acoess
contirues o Incrcust, thore ogdists 2 beed Ry Dather improvements-in LTR and 3G
techncdopies, Preforably, these intprovements should be apphicable 1o other multiple access
o) technobogies and the teleconununication standards that employ these tschoologies.
A user equipment (UE) may performya random acoess provedurs fo obtain access to gnetwork
for uplink traostdission, downlink wansmission, andfor the ke, To parform the random
acciéss procedore, the UF and a base station may eichangs messages. For some UEs, the
rardony access proceding, such as 3 phvsical randon aeoess chapreH{ PRACH brandom secesg
10 procedure. may inchude ransmiiting mualtiple Dessages to the base station. For example, the
LE may transmit a randorm avcess ransmission including o preamble, iy recelve a response
message from the base siation, may aosmit & random access trnsmission ingluding a2
random access message. and may receive another response message from the base station.

This may be termed a four-siep random access procedure, and the initial random access

s
1)

transmission may befermed s firsttvpe of random access transmisston, After completion of
the four message randien access proceduse, the UE may be synchronized 1o perform uplink
and/or downlink transmission

L B

TARY

The foursiep random sccess procedare may sesult in excessive delay andior an sxge
20 amount of network tatlic. Thusin 5, the UE may combine tansmission of the preambie
ared the random access messare o a single modon atcess traasmission, o which the UR
may receive 3 single response message. This oay be termed 2 two-step random acoess
procedare aud the randonyaccess ransmission may be termed s second trpe of randeny accesy

transinission. Inthiscase, the UB may revelve the single response oiessage after tfransmitting

3
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the second type of random sccess transmission, and may be synchrontzed to perform uplink
andior downlink trangoission without annther mwssage cachange . In this way, the twosstep
random sceess procedure reduces delay associated with conpecting to the network.

The tweo-step random access procedure muy necsssitate tmproved channel conditions velative
to the four-step randony acoess procedure.  For example, wherethe LR transmits the second
30 type of randoryaccess trapsmidssion iy e nefwork with relatively povr-channet conditions, such
as & signal fo nolse ratio (SNRY that fails fo satisfy o threshold, the second type of random
secess tansnission may fall 1o be received andfor decoded by the base slation.  In contrast,
the LIE may transodt the first typeof random access transmission when the SNR fails

satisty the threshodd, and the fust type of madom accesy transosission may be successiuadly

[
L

reoctved and'or decnded as 3 resudt of the reduced stre of fivst type of random gocess

teansoission. Thus, #may be heneficial to permit ulization of multiple types of random
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access transmissions associated with multiple types of random access procedures frva nebwork

0 goeount for differing chamne! conditions.
Aspeats deseribed beroin may enable. atilization of sadtiple ty’pas of randomy access
iransmissions (e.g. physical randonyaccess channel {PRACH) transiissinns) agsociated with
o) @ pwvosstep random socess proceduge, s four-step nmdom access provadine, sodior the fike, A
first type of vandom gcoess transmission or a second type of random access transmission may
be ptifized based at least fn past on, fve oxamply, chanoel conditions of a network. Thus, a
Hkelitivod of fatlore to synchronize & oxer equipmient (UE) fo a network for uplink andior
downlind when channel condiions are relatively poor s reduced by enabling 3 fisst type of
10 ravdom access transinission relative to perputting only the second type of random acvess
transmission wder all chiannel conditions. Similarly, ai amount of time to synchrontie the
LE to the network when chaonet conditions are good s reduced by enabling the sveond type
of random access transmission relative 1o permitting only the first type of randont access

transimission under all channel conditions.

s
1)

I ancaspect of the disclonure, a methed, & device, an apparatug, apd 3 compuler program
product ars provided.

In some aspects, the method may include determining, by & user equipment, whether to
pansmitatdeast one of & first type of random aceess transpission or # second typs of random
aceess transmission within g random seeess channel portion of a slot. The firsttype ofrandom
20 acoess franamission may inelude ¢ preamible, The second type of pandor socess tasmission
may . include the preamble and 8 random accesy messagd,  The method mayv nclude
transntting, by the user equipment, the gt least ooe of the first type of randony aceess
transmission or the second type of random acvess transmission within the random dctesg

channel portion of the slot,

3
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Hresone gapects, the device may inclade amemory and one or more processors coupled tothe
mendty. The memory and the pog or gorg prosessacs may be configurad fo diterratos
whether to transmil af least one of a Hrst tvpe of randoniacoess tansaission or 8 second type
of randon acoess transmission within 2 random access channel pontion of a slot. The frst
type-of tandom gecess transmission may. include » preamble. The seoond type of random
30 access ransmission may Inchide the preamble and & random secess dessage. The memory
ared the orpe or more processons aray he contigured o ravsmit the at least one of the fisst type
of randon: secess tansodssionr or the second tvpe of random aceess transniission within the
-ardon access chanre! portion of the slet.

Iy sorosaspeety, the appacaivs may wolude neans e detergdniog whether to ransrait at loast

[
L

one ol a first type of randons svcess ransmission or a second tvps of random aocess
teansovissivn within § tandom accéss channel portion of g 8ot The first ivpe of randomracosis

fransmission way include a proamble. The second type of random pecess tansmission oxy

bt
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imnclude the preamble and & random access message. The apparains may inchsde means for
fravsotithing the ot leagt one ol the Tist tvpe of random ascess ansiniseiu oe the seeond type
of random access ransmission within the random aceess channgl portion of the slot,
In some aspeots, the computer program product may inciude & non-fransitory compuier-
s readable nediom’ storing one of mhore instrsctions for wirsless commtunication that, when
sxecuted v ong or more processors of a devioe, cause the one 0P moTe processors 1o determing
whether to transrait at least one of a fist ype of randont access tansorission o a secondidype
of random decess wawmission within g randomyaceess channel portion of a slot. The first
type of random access transmission may include o preamble. The second type of random
10 avcess transmission may includs the prewmble and @ random access message. The one or
more nstructions may cause the one or Mo processors o transmit the at least one of the firsd
type of random socess ansmissioreor the second tvpe of sandom secess ransmission within
the random access charnel portion of the slot,

Iy some aspecis, the method may include monitoring for both 2 first fype of random access

s
1)

transniission and a sscond type of randont access transmission within o random sccess
channel portion of & slot, whetein the first type of randon access transmission inclodes
prearable, and wheredn the seeond type of randorn access transmission includes the presnible
and a randomy-socess message. . The nwthod may inelude revatving, from ab keast one user
cquipnent, at least ane of the first type of modom scoess transmission o the second type of
20 random acoess transmissfon within the random access channel portion of the slot based
feast Pt on montloring for both the fest type of mandomy aceesy ransmission and the
second type of random access transniission.

In stme aspects, the device may include w memory and one 0r more provessens coupled o the

memory. The memory and the one or more processors may be configured to monitor for both

3
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st Hirst type of random aceesy transonisstoncand & second type of randony gocess transmission
withint @ random secess chasnel partion of a slof, wherein the sl type of sindden acotss
iransmmission includes a presaoble, and wherein the second type of random access transauission
ielodes the preamble and a random acoess message. The memory and the one or more
processars ey be confipured to recelive, from af least one ysereguipment, at leastone of the
30 first type of random accesy ransmilssion o thy second type of random acciss transmission
within the random acesss channel portion of the slot based at feast in part on monitaring for
both the first type of random secess transoission and the second type of modom acoess
teansyyission,

T somne sspests, the apparatus vy include osany for montioring Yor both & fust type of

[
L

randont access transmission and e scoond typeofrandom soeess transmission withing random
access chasnet porting of a slot, wherein the fiest type of rarudom access ansmission inthudes

apreanble, and wherstnthe second type of randony ageess transiolssion inehudes the preanble
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and @ random aceess message. The apparatus may include means for receiving, fron at feast
e user equipmend, at feast one of the first type of random access fransmission or the second
type of random access transaission within the random aceoss channel portionof the slot based
at least in part on monitoring for both the fivst type of random access transmission and the
o) seeond type of random acoess ransnssion,
In seme sspects, the compueter program prodect may inchide 2 nonstransitory. compoter-
readable medium storing one or more instructions for wireless communication that, when
executed by one or more processors of a devive, cause the oue ov move processors o ynonitor
for both & fist type of randors access tansmission and & second type of random acoess
10 transmission - within a randorn sccess chamel portion of 3 slol, whereln the fist tvpe of
random aceess ransmission Inclsdes a proamble, and whersin the sccond typs of randam
socess transmssion includes the preamble and a randonmyacoeess message. The oneor more
Instractions, when executed by the one or more processors, may cagse the one or more

pracessors ty rescive, from at least one user equipment, at keast ong of the first type of random

s
1)

gccess fmpsmission or the second type of random access transmission within the random
aceess channed portion-of the slot based al least in part on montioring fiwr both the fissttype
of random eoess transtaission and the second type of randowm aceess ransmission,

Aspects generglly mchude o mthod, apparatos; svsleny, compater progrion product, nog-
transitory computer-readable medivm, user cquipment, wireless sompunioation devies, hase
20 station, access polnl, and provessing system @3 substaritially desoribad herein with refererce
o nd Be iHestrated by the docompanying drawings.

The foregoing has outhined rather broadly the featwes and techmical sdvantages of exaraples
according 10 the disclosure in ovder that the detailed desoription that follews may be better

piderstocd.  Additional features and advamtages will be described hereinafter,  The

3
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conception snd specifis examples disclosed may be readily utilized as-a basts for modifying
or designing other stroctures for cartying out the sime purposes of the pressut disclosare.
Buch equivalent constructions do net depart from the scope of the appended elaims.
Characteristies of the concepts disclosed herein, both thelr organization: and method of
operation, together with assoclated advantages will be better understood from the following
30 deseription when considered. in comention with the acconipaniving figures.  Each of the

figures e provided for tee purpose of Hoestration and description, and notas a definitionrof
the limiis of the claims,
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. g diagrany tHustrating areexsmple of & wireless comunuaioation network.

[
L

FIG. 21s o disgram lhustrating an exgmple of a base station by communteation with & user

squiprmeat {UE) in & wirelesy conmmivation nebivaek,
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FIGs. 34 and 38 are disgramy tHustrating an example of types of random access
transoissions for a wandony access procedure, such as 4 physical random access channel
{(PRACH]} procedure.
FIG. 4is 8 dingram iHustrating an example of 2 grid of unily in an aplink-cenivic slot for
o) muitinle tvpes of randony accesy ransmission.

FIQGs, 5A-SE are diagrams tHosteating examples of resource allocations within g grid of
unifs v an aphink-contrie stot for mutdiiple types of randore acoess transmission.
FlGs, 8A-6C are diagrams illastrating exaroples of resource allocations within a grid of
units inan uplink-contric stot for multiple types of randony aceess transmission,

10 FIG, 7 s a flow chart of & method of wireless communication,
FRG, # ix 3 conceptoal dita flow disgram illestrating e data flow between ditferent
modulesmeans/componants in an exaraple spparsius.
FICGL 95 a diagram ifastrating an example of ¢ hardware implementation for a3y apparatus

employing 3 processing system,

&

s
1)

FIG. 18 fa 1 flow chart of & method of wireless comwminication.

FIG. 1118 8 conceptuad data flow diagrans illustrating the data flow betwesn different
modules/meansfcomponents in an example apparatus,
FIG. 12 s achagram lustating an example of 2 hardware implomentation for an apparatus
employing & processing system.

20 DETAILED DESCRIPTION
The detailad destription sél frth below 1y comection with G appeaded drawings 18 intéaded
3¢ % description of various configurativns and is nol intended ko represent the configusations
1o which the concepls described hersin may be practived. The detatled description cludes

spectiic details for the purposes of providing s thorough understanding of varioos poncepts.

3
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Huwever, it will b apparent to thuse skilled in the ant that these vonceptamay be practived
without these specific detatls. I some iostanoes, well-knowen stiuctures and components are
showi in block disgram form in order to avold obsouring such. concepts,

Several aspects of telecommunication systens will now be preseated with reference to
various apparatos and methods.  These ‘appawmatos and methods will be described in the
30 following detailed description smd . ihestrated (in e sccompanying deawings by various
blocks, nodules, components, circuits, steps, procgsses, algorithms, andior the like
{collsetively meforred to as “elements™). These clements may be nplomented using electronie
hardware, compter software, or any combinatiay therenf,.  Whether such elemeniy are

implemmented as hardware or software depends upon the particular spplivation sod desigs

[
L

constraints mmposed on thie overall system.
By way of exampls, an cldment; or any pskr‘t’i-cm of tr elemnént, or any combination of elements

may be implopested with 2 “processing systorn” that includes ong or more processars.
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Examples of processors inclade nicroprocessors, mivroeontrotlers, digital signal processors
{DRPY, feld progranuvshle gate arrays (FPGAL, programmable kogie devices (PLDs), state
machines, gated fogie, discrete hardware efrovdts, and other suitable hardware configured to
perforn the various functionality deseribed throughout this disclosure. One or more
o) processors fn fhe provessing svstem may exeotie soflware,  Software shall. be construed
broadly 1o mean instraciions, instroction sels, vode, code segments, program code, programs,
subprograms. software madueles, spphcations, software applications, software packages,
mm‘ineﬁ, subrotines, t:hiﬁcts, executables, threads of execution, p.ms::edures, functions, andéor
10 deseription fangaags, or otherwise,
Accordingly, in one or more oxample smbodiments, the Tuactions described wmay e
implenented in bardware, software, Hmaware, or any combination thereol, I implomented
In software; the functions may be stoved on or ervoded as one or more instructions or code

on a computer-readable mediom,  Computer-readable media includes computer storage

s
1)

media, Storsge media may be any available media that can be accessed by a compuder. By
way of example, and wot Hnitation, such computer-readablemedia can conprise a randome
access memary (RAM], a read-only rasmory (ROMY, an electrically erasable programmable
ROM {EBEPROM ) compact disk ROM (CH-ROM) or other optical disk storage, magnetic
disk strage or ather magnetic storage devices, combinations of the aforementioned types of
20 sormputersreadable media, ov any other medinty that can be used 10 store computer executable
code i the forn of nstractions or datd structures that con be acedssed by a compater.
Anaccess point (AP may comprise, be tmplenented as, or knows as g NodeB, a Badio
Network Controtler (PRNCY), an eNodeB (eNBL 3 Base Station Convroller ("BSCT), 1 Base

Transceiver Station ("BTE™), a Base Station ("B, a Transceiver Function ("TF*), a Radie

3
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Rauter, 8 Radio Transcetver, a Basic Service Set (“BSSY), an Extended Service Set {*E8§%,
a Radio Base Station (“RBSE°L a Node B {NDB), a gNB, 2 5G NB, 3 3G BE, o Pravsreit Recaive
Point {TRP), or some sther tenminology.

A acvess terninal {SATTY may comprise, be implemented 45, of be known 4y an socess
terminal, g subscribor station, a subseribsraant, & mobile ¢tation, s remote station, 8 remute
30 ternunal, & user terminal, 2 user ggent, & user device, user equipment (UE}, & user station, a
wireless node, or some other terninodogy. Tnsome aspects, anaccess teensing! may comprise
goctular relephone, 2 smart phone, s cordless felephone, 8 Session Iniation Protocad (81FT)
phore; @ wireless local Toop (*WLL™ station, & personal digitad assistant (PPOA™), atablet, a

actbook, # srourtbook, avulirabook, 4 kandbeld device having wireless congectiom capability,

[
L

a Station CSTA™), or some other sultable processing devive connectad toa wivelesy modem.

Accordingly, Gne of mord aspects faoght heret miay be mvorporated o a phong {elg, 3

cethular phone, 4 smast phone), scompater{e.g., a desktop), o portable combunication device,

wd
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a portable computing devige {ep., 3 laptop, @ personal date aasistant, a 1ablet, a nethbook, &
smartboek, an ultrabook), wearsble device (.., sivart waich, smart glasses, smaet bracelet,

smart wristband, smart ning, smant ciﬁthing\ andfor the fike), medical devices or cquipment,
biometric sensorsidevices, an erdertyinment devive {ei, yasic device: viden device, satellite

o) radio, gwning device, sudior the fike), s vehicular compobent or SETS0L, S meters/ sensons,
indusirial meanufacturing equipment, & global positioning system device, or any other suitable

device that is configured o compumnicate via @ wireless ov wired miediam,. In some sspects,

the rode is @ wireless node, A wireless node may provide, for example, conneetivity for or

to a network (.9, & wide arca network such #s the bnternet ar 8 cellelar network) via a wired

10 or wireless communication ok, Seme Us may be considered machine-type communication
MO Ulls, whieh may inchutde remote deviees that may congmumicate with a base station,

another remots dovies, orzome sther satity. Machine type compunications M TC rmay refer

10 communication - invelving at least one remote device on at feast one end -of the

comunynication and may jnclude forms of data conymunication which finvolve one o more

1)

entities that do not neeessarily need human interaction. MTC UBs may include UEX that we
capable of MTC communivations with MTC servers andior other MTC deovices through
Public Land Mobile Networks (PLMN), for example: Examples of MTC devices inelude

sensors, meters, location tags, moitors, drones, robotsfroboetie devives, andfor the ke, MTC

UBs, as well a5 other types of UEg, miay be hoplemented as NB-loT {namowband indernat of
20 things) devices,

H v noted that while aspets may be desonbed herein using eeminology otmonly sssociated

with 3G andior 4 wireless fechoologivs, aspects of the presend disclosure can be spplisd in

other peneration-basedt communication svsterns, such a8 3G and later, mcluding 5Q

technologies.

3
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FIG. | isa dingram iHustrating 2 netwark 100 in which aspeots of the present disclosore nuay
be practicsd, The netwiark 100 awy beag LTE aebwork or seme other wireless aetwink, such
as 8 5O potwork, Wireless network 100 maay foclude a number of BSs 110 {shown as BS
P Hk, BS 110b, BY 1i8e, and BS 110d} and other network-entities. & BS is an ontity that
communicates with user equipment (LEs) snd mmy also bereferred to as a base gtation a 3G
30 B8, 3 Node B, 2 gNB, 0 3G NB, anaccess point, a TRP, andfor the ke, Faoh BS nay provide
comprumivation coverage for a particular geographic avea: In JGPP, the term “oall” canreler
to 8 poverags arsa of & BS andior a BS subsystom serving this coverage arex, depending on
the context in which the term is used,

A BS oay provide communication coverage Tor a maceo ooll, g ptee el a foaddo cell, andior

[
L

arother type-oficell, A macre cell myay cover sorelatively large geographic grea feig, several
kilometers 1o eadig) and may allow vorssivicted decess by UEs with service subseription. A

piee cell tray cover a relatively sosall goopraplic area and may allow uorestricted aceess by

)
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s with service subseription, A fomto cell may cover g relatively small peopgraphin ares
{e.g. & hone) and may allow restricted access by UBs having association with the fomto cell
{o.g. UEs o a closed subserber group (GG & BS for a mawro.cel! nay be velerredito as
amaers BS. A BS for a pioo cel] may be referred 1o as & pico BS. A BS for« femto cell may

o) be referred to as e fentto BS ovabome BS. In the example shown in FIG. 1, a BS 110a may
be g mmacre BS fora macre cell 1824, 2 BS 118b may be a pico BS for apico cell 102h, anda
BS 1Hk may beafermto BS Tor  fondo cell 102¢. A BS may support one or maltiple {'e‘g.,»
threey cells. The teriy “eNB, "base station™, “5G BS”, “gNB™, “TRPY, “4P” “node B”,
“3CGNB", and “eel” may be used interchangeably herein,

10 In some examples, & cell may not vecessarily be stationary, and the geographic area of the
cell may move according to the keation of a mobile BS. In some examples, the BYs may be
intercommested to ong another andéar to one o nore other BRs or network nodes {not shown)
in the-acesss network 100 throwgh varicus types of backhau! interfaces such as g divect

physical connection, » virteal nebwork, andfor the-Hke using any suitable transport network.

s
1)

Wireless network 100 sy also inclade relay stations: A selay station is an entity that can
recefve g travsmission of data frony an upstream station (v, 3 BS or a UE) and send s
iransmission of the date fo ¢ downstream station (e.z., a UE ora BS). A relav station may
also be a UE that can relay transmissions for other UBs. In the ovample shown in FHG, 1 a
relay stativn 110d may communicate with macro 8BS 110z and a UE 120d in order to facilitate
20 somammication between BS 1 0aand UE 1204, A relay station may also be raferred to as 8
relay BS, g relay bass station, a vélav, andfor the Tiks.

Wireless network 100 may be a heterogeneous netwark that includes BSs of different types,
g.g, iacre BSs, pico BSs, omito B84, relay BSs, andior the like. These different types of

BSs may have different fransmit power levels, ditferent coverage aress, and different impact

3
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arinterference in wireless network 130, For sxample, macrs BSsmay have s high transmit
power lved {rg., Sto040 Watts} whareas ploe BSs fomio BSs; aad relay BS¢ may have fower
fransmil power levels (eg., 0.1 to 2 Watts),

A network controller 130 may couple to a set of BSs and may provide conrdination and
contred for these B8z, Network controlier 130 may communicate with the BSs via a backhaul.
30 The BSs may also communicate with ohe another, 2., dircothy or indivecthy via @ wireless or
wirveline backhaud, I scrme sxprets, network controtier 3G may communicate with the BSs
o selenta seheduls for multiple tyvpes of randon access fransmissions. For example, network
controdler 130 way determine that & fiest plarality of grid units of o grid of network resowroeg

g randoim soeesy chanoeg! portion of ashot {2z, fregueacy resourzes, Hime resouroes, oychie

[
L

shifts, efe) 5 1o be sllocated for a fist type of ravdom sccess transmyiasion and 8 seeond
plurality of prid woits of the grad of network resovress i the random atcess chansed portion

of the st 15 o be allocated for asecond type of mpdon access transmission.
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L

cach LIE may be stationary or mrobile. A UE may aleo be reforred 1o as an access terounal, a

s 1 fea, 1204, 120h, 1200) may be dispersed throughout wirgdess nebwark 100, and

terminal, 1mobile station, a subseriber unit, a station, mdforthe ke, A U may be a colhddar
phone (e.g..  smart phone), a personal digital assistant (PDA), a wircless modem, a wireless
o) compunication device, a bandheld device. & laptop computder, s cordless phone, a wirel

local foop (WLL) station, a tablet, @ camers, & gaming devige, 8 netbopk, @ smartbook, an
altraboaok, medical device arequipment, blometrls sensirsddevices, wisrable doviees {sowant

waches, smanl clothing, smart-plasses, sotart wrist bands, smet jowsley foug., st ving,

smart bracelet}), an endertainmon device {e.g., & mugic or video device, or a satelite radio},

10 a vehicular component or sensor, smart metersisensors, industrial manufacturing equipment,
a global postttoning systent devios, orany other settable device that & configursd to
communicate via 2 wireless or wired medium.  Some UiEs may be considered evobed ar
enhanced machine-type communieation {(eMTO) Uls., MIT and oMTC UEs inchude, for

example, robots, drones, remote devices; such a8 sensors, meters, mronitors, lovation fags,

s
1)

sndior the ke, that may commumicate with & base stabion, another device {e.g., ramole
device), or some sdher entity. A wirsless node may provide, fiw example; connsetivity for o
o u network {e.g. 8 wide wrea network snehoas Infemeat or a cellular network) via s wired or
wircless conwnenication link.,  Some UHs pay be considercd: Internet-oftThings (o)
devices. Same Uls may be coasidered a Costomer Preoises Equiproent (CPE),

20 I FIG. Toa solid Hoeowith double amrows indicates destred transmissions batweena UE and

asarving BS which .o BS desigtiaied to-serve the on-the downlink andfor uplink.
dashed oo with double atrows indieates potentially Interfering ransmissions between a LIE
anda BS.

in L(*HLK&L Y mimber ()f Wi

3
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Each wireless network may support g pamusiar RAT and may operate on oue oF more
frequencies. A RAT vay also be referred 1o as 2 mdio technology, an alv interface, sadiar
the ke, A frequency may also be reforred to as a cavrier, a frequency chamnel, andior the
Hke Bach frequency nwy sepport ¢ single RA T in o given geographic arest in order to-avoid
interference betwesn wircless networks of different RATs. Insome cases, SGRAT nayworks
30 may bedeployed.

i some examples, access W the air irterface may be scheduled, wherein xoscheduling entity
fe.., & base station, @ network controller, & user eguipment, eie)) atfocales resowces for
commutdcation among some of all devices and equipment within the scheduling entity’™s

service area oroedl. Within the prosent disclosure, as-discussed furthor belonw, the scheduling

[
L

ertity may be respovstble for scheduhing, asstguing, recoufigoring, and releasing resources
for one or miwe subordinate entities. That i3, for scheduled communication, subordinate

entities wtihize resouress allogated by the/scheduling entity.  Fov example, the scheduling

10
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eptity miay schedule an gllocation of o grid of uniis of wetwork resowrces fov wtilization for
multiple tvpes of randont accesy Iransmissions, In some aspeety, such scheduling information
may be communieated via signaling from the scheduling entity. For example, 3 U mav
receive a systam information block (318} message identifving a schedule for the grid of units
s of network resowresy, and may peeforo g particolar type of randoniaccess transmission at g
particular grid unit of network resources based at least in part on the schedule.
Basg siqtions ate notthe only antities that may function as 2 schedubing ontity. That s, i
some examples; 4 Ul may function 5 8 scheduling éntity. schedaling resources for oo or

mores subordinate ‘endifies: (2@, one v more ather UBsh  Insthis example, the UB

10 fonetioning as a schedaling entity; and other EExs utibiee resouresy scheduled by the UE for
wirsless commnication, A UE may fonction as s scheduling entity in 2 prer-to-peer (P2P}
network, andfor in & moesh network,  In a mwesh setwork esample, UEs may optionally
comsnunicate directly with one anather in addition o communicating with the scheduling

entity,

s
1)

Thus, In & wireless compumication network with s schedoled secess o Hime-frequency
reseurces and having & cellular configuration, s P2P configuration, and 3 mesh configuration,
a scheduling eniiiy and one or more suhordingte sntities may conmmunieate utilizing the
scheduled resourees:

As indicated above, FIG, | &5 provided merely avan example. Gther sxamples ars possible
20 and may differ from what was desoribed with regard to FIGU

FIG,

shows & bleck diagram 200 004 d@sign of base station THand UE 128, which may be
e of the base stations and soeof the UEsin FIG. L station 110 may be equipped with
T anfennas 234 throueh 2340 and UE 120 may be equipped with R antennas 253 thvough

252r, where ingeneral T2 L and R L,

3
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Atbase station 11, 2 trarenit provessor 220:may receive dista frov a daty sowrce 212 for one
or more Lis; select one or gwre wodolation aod coding schernes (MCS) for cach UE baged
at least by part on ghannel quality indicators (CQ1s) received front the UE, process {e.g.,
envode and modulate} the data for sach UE hased at-teast inpart on the MUS{) selected for
the LIE, snd provide data symbols for all LiBs  Transmit processor 228 may also process
30 systen information {e.g., for somi-static resource partitioning information {SRPLL, andfor the
Hike) and control information {eg., CQT requests, grants, upper layer signaling, sndfor the

like) and provide overhead svinbols and control svmbols, Transmif processor 220 may also
generate referenee symbels for reference signals (e.g., the CRS} and synchronization sigrals

{e.g.. the prigsary syncheonization signal (PS8)and secondary syochronizstion sigoal (8883

[
L

A transrait (TX) muluple-topmst sandtiple~-output (MIMO) processor 230 wiay perform spatial
processing (o, Pracoding) on the dida syimbols; the control symbols, the overhead symbals,

andior the reference symbols, if applicable, and may provide T outpit symbod streams 1o T

11
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modidators (MODs1 2324 through 232t Rach modulator 232 may process a respective output
symbol stream (2., for OFDM andior the Hke) to oblain an output sample siremim.  Each
modedator 232 may further process (L., couvert to amadog, amplify, Hlter, wd upeonvert}
e putput sample stream o obiain o dovalink sigoad, T downlink signals from madolators
o) 232¢ through 2330 may be fransniitted vie T widennas 3342 throtgh 2341, respectively.
Arcording to vertain-aspacts deseribed in more detad! below, the synchronization signals can

be generated with location encoding 1o comvey addifious] nformation.
AUUE 120, dntennay 3522 throuih 252r may receive the downbink signals from base station
110 andfor other base stations and may provide recaived signals to demodulators (DEMODs)
10 254a through 254, respectively. Fach demodulator 234 may condition {e.g., Hiltor, amplify,
downennyert, and digtiize) a reosived signai 2 obtain nput samples. Lach demodulator 354
may further process the loput samples fe.g, for OFDM andfor the like) to obiain received
symbofs, A MIMO detector 236 may obtainreceived symbols fromall R demodulators 354a

fhrough 23y, perform MIMQ detection on the received symbels i applicable, and provide

s
1)

detected sviobols. A receive processor 258 may process {e.g., demodulate and decode) the
detented symbuly, provide decoded data for UE 120 o2 data sink 260, and provide decoded
control informadion and gystem nfonmation (o a condroller/processor 380, A chamneld
processor may deternsne RERP, RESL RSRQ, COL andior the ke
Cht the uplink, at DE 120, a transmit processor 264 may recsive and process data from a data
20 source 262 anid control information fe.ge, for reponts comprizing RERP; R8SL, RSRQ, €O,
anbior the Bke) frot controllerprocesser 280, Transidt processor 264 may also penerate
referepee syuibols for one or more reference signals. . The symbols from trmsmit processor
264 may be precoded by & TX MIMO processor 266 i applicable, further processed by
<s-OFDM, CP-QFDM, andior the like), and

modulators 234a through 254r {e.p., for DF

3
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transmitted to base staton 110, At base station 118, the uplinksignals from UE 120 and other
UEs may be reotived by andenass 24, proovssed by demodulators 232, detested by a MIMO
detector 236 Happlicable, and finther processed by o receive processor 238 to obtatn decoded
dats and. control information sent by UE 1260 Heoechve processor 238 may provide the
decoded data 1o a data sink 239 snd the decoded contral information {o controllerfprocessor
30 240, Base station 110 may inclade commaonication unit 244 and communicate 1o network
controlfer 130 via. commundcation wunit 244, Network. controller: 130 may  include
comamnicationn unit 394, controller/processor 290, and memory 292,

Controllers/provessors 240 and 28C andior any other componeni(s) in FIG, 2 may direct the

opsraz‘i(m B 10 ad UE 120, respectively, fu selvctbvely utilize muliiple types of random

[
L

gocesy transmissions, suchas a first typeof random avcess bansmission including a preamble;
a sedond tvpe of randomt acdess transmissdon Fwloding a preamble and & randoin dces

message, andior the like.  For example, controller/processors 340 and 280 andior other

Pl
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progessorsandamodules at BS 110 or UE 120, respectivaly, may perform or divect operations
of BS 11000 UE 120 respectively, to determine whether to use a first type of randont acoess
transmisaion or a seeond type of random gecess transmission, snd to selectively utilive the
first typeof random access iransmission orthe second type of random access transmission 1o
o) iniiate & mndom socess procedare.  Additionally, or altornatively, controllet/processors 240
and 286G andfor pthier processors and modeles at BS {10 or UE 126, respectively, may perform
or direct operdilons of BS 110 or UE 120, respectively, o montior for both & first type of
ritsdom aciess transmission dnd g second tvpe of random access ransinission within a randon
aceess channel portion of a slot, and o receive at leagt one of the first type of random sceesg
10 transmission or- the second tvpe of randony scdess fransmission within the random accesy
channel 'pm'ti(m of the stot based al teast in part on monitoring for both the finst iype of vandom
socess transmission and the second type of random sceess ransmission,
In some gspedts, ont of more of the compondats shown in FIG, 2 may be employed toperform

example process 700 of FIG. 7, example process 1000 of FIG. 10, andfor other processss for

s
1)

the techuniques described herein, Memorfes 242 and 282 may store data and program codes
for BS 110 and LB 120, respectively, A scheduler 248 may schedule UEs for data
ransmission onthe dowsthink andfor uplink:

A indicated above, FIG. 2 ts provided merely as-an axample. . Other examples are possible
and may differ frony what was desoribed with regard 1 FIG: 2.

20 FIGs, 3A and 38 are diagrams fHusteating ansexample 300 of twypes of madom access
fravisinissions o a tendor aocess procadure, such ava PRACH radom geeady proceduars,
Asshown in FIG. 3A, & Hrstivpe of randon aceess transbrission may ielude 8 preamble and
a cyvchic prefix, In some aspects, the fivst type of random. access transmission may bea

PRACH random access masmission for & four-siep PRACH randons scoess procedure. The

3
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presmble may inclade a random acesss chamel (RACH) preamble,  The preamble may be
used for detection, thuing sshowtion, andisr the like for the PRACH randony scotss
pracedure. I sonwe aspeots, the evelic prefix and prosable may be a single unit that can
occupy A unitol a grid of units of network resources of s random access prosedurs portion of
& slot, ge deseribed hersin

30 As shown in FIG. 38, 2 second type of random access transmission may include a set of 2

womessages, each with & corresponding cyclic prefin, In

preambie and 4 set of random ace

some aspects, the second type of random sccess fransmission may be a PRACH random
acoess transmission for g two-step PRACH random access procedere. Each-of the preamble

ard the set of randem access messagey may by associated witlea oyelic prefis, The preanble

[
L

iy be used for deteetion, Uning estimation, & demodalation reference signal (MRS for

messags demaduiation, andior the like for the PRACH procediere.
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The second type of random access transmission may ncluds g Hrst ovelio prefix, a preamble,
and at leastone pair of & seeond cyelic prefiy and a random access message. In some aspeets,
the second type of random access transmission may include a plurality of pairs of the second
cyele prefix and the random access message. In some agpevts, the first oyolic prefix and the
o) presvible may comprise a frstunit that cap ocoupy sunit g geid of units of a random adeess
shanved portion of a shot, and sach pair of 2 second gyolic prefix and arandom socess message
may ounprise @ second unit that caroccupy another unit fo the grid of units of the random
access channel portion of the slot.  In this ‘case, edch w3y associated with respettive
resources of the random sccess channel portion of the slot {e.g., frequency respurces, time
10 resources, eychic shifts, ete).
As mdicated above, BIGs, 3A and 3B ave provided as examples. Other examples ars possible
and may differ oo what was described with respeet to FiOs. 38 and 3B,

FIG. 4 15 a disgram illustrating an example 400 of a grid of units o avn uplink (UL )-centric

slot for maltple types of random acopss transmiss

s
1)

Axshown in FIG 4, cxample 400 includes a physical downdink control channe! (PDCCH)
portion 402 (PDOCH 403, an uplisk long burst ULLE) povtion 404 {ULLE 404), and an
uplink short burst (ULSR) portion 406 {ULAB 406}

PDOCH 402 ds-a downlink controd portion of the UL-contric slot, and may be located at 2
heginning of the Ulb-ceniric slot and may besllocated o convey downlink coatroel
20 informiation, such a3 a schedale of 4 grid of anits for mubtiple tvpes of random acvess
fransmission,
ULLE 484 is anuplink long burst portion of the UL-centric slot, and may be located between
the PROCH 402 and the ULSB 406 #y the UL-centrie slot. The ULLB 404 siay sometimes
be referred o as the payload of the Ulcentric stot. The ULLB 444 may refer to the
25 conwmmication sesomrces ubilized to communicate UL dafa from aosubordinate entity {e.g 8
UE} to a schedoling entity {egs,# BS)  brsome aspects, the ULLE 404 may be vsed for
comnunicstions on g physiesl UL shared channel {PUSCH) and/or 3 physieal uplink control
chanmne{PUCCHL
ULLRB 404 may fnclude a random aceess chamel portion 408 of the Ulscentrie slot and a
30 gusrd portion 410 of the Ul~controsiot, Random acoesschannel portion 408 may imchide 2
set of network resouress of a UL -centric slot allocated fora vardom aceess ansinission, such
a6 & PRACH randony secess trargmission. Random aceess channel portion 408 may include
agrid of units 412, such s unitc 41 2-1 through 4 [2-N (N2 1) Eachunit 312 may be occupied

by a portion of at loast soe of nwltiple types of randone access transmiission.  For example

[
L

urit 412°% may inchude @ oyelic prefix (CP) 414 and a body 416, Body 416 may convey a
preamble, 3 randony acoess messape, andior the bk Thus, undt 412% may canvey a oyvelic

prefis. and a prosmmble of the fest type of random access transimission, a ovelie prefix and a

14
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prasunble of the scoond type of random access ransmussion, a cyvehic prefix and a random
secess message of the second tyvpe of random aceess transinissionc andior the Wke. o this
way, UE 120 may transmit ot least one part of the fivst tvpe of random secess ransmission o
the second type-of random access transmission in 4 unit 412 of network resources,  Tnsoime
o) sepects, @ plurality of units 412 miy be scheduled for a conunen user (1., a single UE 1200
In some aspeets, a fivst plovality of Gnits 412 may be scheduled for a fivst uger (e, a st UE
124 and a second plorality of units 4 {2 may b scheduled for a second wser (Le, 8 seeond
VB 120). Gusnd postion 410 may imclude o portion of netwerk resomves allocated as o time

ioa uy ULLE 404 to another

separation to provide time for switchover from PRACH transmis

10 transmission fe.g, PUSCH or PLICCHY in ULAB 406, In some aspects, guard portion 416
may b referred to.as a gap, o guard interval, andéor vadous other suitable ferms.

L5858 406 is an uplink short burst portien of the Ul-contric slof, and may be located at the

endof a Ul-centric slot, ULAB 406 may sometimes bereferred-to as arcommon UL portion,

anr UL busst, an UL burst portion, & common UL burst, 3 short burstoan UL short burst, 3

s
1)

common UL short burst, & common UH. short burst portion, sndéor various other suitable
terms. In some aspects, the ULSE 406 may be wsed for commuuivations on g physical UL
convirel chaunel {PUCTH).  Additionally, oralfernatively, the ULSE 4086 may be used for
communication of uplink control information (UICT), sech 48 & schedaling request (SR),
HARQ information (v, PUCCH ACK, s PUSCH ACK, a PUCCH NACK, & PUSCH
20 NACK, andfor the Hiel, achanoel quality indicator (CQ1), 2 ohamnel state indication (U81L a
buffer status feport {BSR), 8 sounding referenme signal (SRS a demodudation reference
signal (DMRS}, andior various other suitable types of information.
An indicated above, FIG. 4.5 provided s an examples Other examples ave possible and may

differ from what was described with respect fo FIG. 4

3
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FlGs: 54-58 are diagrams iHlustrating an example 300 of resowrve allocations within e grid
of poatly inan uplind-condne sht for rouluple types of random acetss transmission,

As shown in FIG. §A, g resource allogation for randony acossschanne! portion 408 of ULLEB
404 may be scheduled based st least In part ob & repetition level of a random access
rransudission. The repetition lovel may refier R @ munber of igoiions of the same random
30 agoess transmisston that are o be transmited,

As shown by reference oumber 502, a First poction of randomy accesy chaanel portion 408

e

g.. & flrst setof units 413 is reserved Yor loval | repetition af the first type of rmdom sccess
transmyission or the seoond type of random access transmission. Level 1 repetition may refer

foa il 120 anamiiting a single Seration of 4 randoos access lransmission, In some aspects,

[
L

UE 120 may select the number of tepetitions based at least in part on a set of channed
conditivns, For dxample, bised w loast it part onrelatively food shanna! conditiony, such as

a signal to nolse ratic (SMNR)Y satisiving s threshold, 8 Doppler value satisfyving a threshold,

15



WO 2018/118218 PCT/US2017/058729

ardior the ke, UE 120 may deterotine o transmit a single repetition of the random access
transpiission: Inoontrast, when the chanel conditions are relatively poor, such as the SNR
failing fo satisfy a threshold, UE 120 may transmit 8 plurality of iertions of the random
agcess ransinission.
o) As shown by reference number 354, s seeond portion of swondom aceess chamne! portion 408
{e.g., a second set of unity 312} by reserved for level 2 ropetition. Level 3 ropetition may refer
o the UE 120 transmitting two ferations of a random access transmisysion, thereby teducing
g Jikelihood that the random access ransmission fails to be successfelly received andior
decoded by o base station 118 In some aspeely; the second portion of randem acoess channel
10 portion 408 mad the fivst portion of randon access channel portion 408 vay use different
resogrses of the slot, For example, as shown, the fiest portion and the second portion are
assigned difforent freguency and tirme resources
Ax-shown by reference manber 386, 3 thivd portion of rendony aceess channel portion 208

{e.z.. & third set of units $12) is reserved for level 3 repetition. Level 3 repetition may vefer

1)

w the TE 120 tranamitting three Herations of & random sccess transmission. Additonally, or
alternatively, other levels of repetition may be possible and may be scheduled in the same or
simtfar portions of random accesy chanvel portion 208, In some aspects, 0 Hrst number of
repetitions may be selected fora firstuser ofa first UE 120 and 2 second mumber of sepetitions
iy be selected for a secondiuser ofia seornd LB 120, such as based at least tn parton channel
20 sonditions, nformation regarding the frst waer andfor the second wser, and/or the like. In

sos¥ie gspects, 4 fiest namydier of repetiti

oy be snlscied based at toast i part ot i fivst st
of channel conditions and a second mumber of repetitions may be selected hased at least in
part Ot 4 secind sef of chanpel conditions,

The resources of the slot used for the first set of units 412, the second set of wnite 412, and

3
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the third set of units 412, shown in Fig. A, are provided as exaumples. Additional, fewer, or
difforent mesourcds eould be used Tor the et got of units 412, the seoond st ol unlis 413,
and/or the third set of units 412,

As shown in FIG, 38, unit 508, of a grid of units 412,18 reserved for the Sestaype of random
gocess rmnsovission with fevel 1 repetition. For sxample, unit 30¥ s regerved for eyvelio prafix
30 10 and preamble 512 for the fivst type of random access transmission.

is reserved for the fiest type of random

As shown in PIG. 3C, unit 314, of the grid of units 41

secess fansoussion with lovel 2 repetition. Forexample, unth 314 is reserved for oyclic prefix

516 and preamble 518 for the first type of random access transmission,

Ag further shown, unit 520, of the grid of upils 412, ix reseoved for the fust type of vandom

[
L

gocesy transmission with feved 2 repetition. For exmnple, unit 52045 reserved foreyelio prefix
522 and preamble: S24, Cyelic prefix 522 and preamble 524 mayp be a repitition of eyslic

prefiy 516 and preamble 313, For example, UE 120 may receive bage statives signaling, such

16
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as a systersy information block (8187, from base station 116 indicating that wit 514 and umit
530 are reserved forropatitiong of s common randont access transmission. This roay peranit
base station 110 to re~combine tandom access trmnsmissions of undt 314 and el §20 o reduce
& Bkelihood of failing to recsive the ranpdom acoess trapsdssion. In some aspects, UE 120
o) may frequeney hop o transmit padtiple repetiticns of & common randor acoess tansission,
Additionally, or alternatively, different repetition levels may utilize 8 common tme andfor
fregueney prid but with ditferent cyelic shifts of d'conanon 1ol sequence. For example, units

S1dand 320 may be disjoint in resource allocation of frequency, time, 100t segquence, cyelie

20 may transimi at a scheduled frequency, time, root sequencs,

shift, andor the ke, and UR
10 eychie shih, andior the ks assoclated with onite 514 and 820, by this way, UE 130 provides

improved SNR tolorance, tmproved Dopplertolerance, andior the like relative 16 transmitling

sostade randon avooss tansnussion via a single frequency.

Ax shown in FIG. 81, anit 326, of the erid of units 412, is reserved for the second typeof

random access transmission with level | repetition. For example, unit 526 is reserved for g

s
1)

cyclic prefix 528 and a preamble 330 for the second type of random access transmission.

As Rurther shown, unit 332, of the grid of unity 412,18 reserved for the second type of randosy
aocess transmission with level | :repei:iz’tiozn, For example, unit 332 is reserved for s evelic
predin: 334 and & random access miossage 336,

As further shorwan, anit 838, of the gridief unite 412,18 reserved For the second type of random
20 actess transmission with level | repetition.  For exarople, unit 338 is reserved fora ovelic

L and 338 may be

predix 544 and a random secess message 3420 Inthiv case, unity 326, §3
reserved for a commaon random secess transniission.  For exaniple, UE 120 may transmit

preamble 330 for detection, tming estimation, MRS, s, and miay transaiit random acesss

mressages S36 and 342 to provide g UE-1D parameter, a BER parameter, andior the likes In
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some aspects, units 826, 532, and 338 may be rescrved for o random aceess transrnission

correspiradiog 1o the second typeof random docess transmissica showe Gy PIG. 38,

As shown in FIG. 5B, uoit 544, of the grid of units 4120 s reserved Jor the second type of

random aocess fransmission with level 2 repatition.  For example, andt 544 18 reserved fora
eyclic prefix 346 and 8 preamble 348 for the second typeof random acooss trmpsnuission.

30 A furthershovwsy, ot 350, of the grid of units 412,48 reserved for the second type of random

access fransmsssion with level 2 repatition. For example, onit 5300 reserved for a-cyclic

prefix 352 and g random access message 384 for the second type of random acoes

teansyyission,

As further shown, unit 336, of the grid of units 412, I8 reserved for the second type of vandom

[
L

gocesy transmibysion witly level 2 repetition: For exanple, onit 358 1 ressrved for a cyehio

prefix S50 and a predmble 560 for the stcond type of random dctess framsinission. T thig

=
3
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caseevelio prefix 838 and preamible 360 ot unit 436 are 2 repetition of eyclicprefin 348 and
presmble 348 of unit 544,

As Rarthor shown, anit 362 ofthe grid-ofunits 412 s restrved for the second type of random

access fransmission with level 2 repetiion. For example, unit 363 is reserved for 3 cwelic
o) prefixn 364 and 8 random sccedss message 366 for the second type of random acoess

transeission.  Dbythis case, ovelie prefix 564 and random aocess mpssage 566 of unit 362 arg
a repetitionof cyelic prefix 353 and random access message 354 of unlb 330, Insome aspeots,
pnits. 344, 550, 356, and 562 may be reserved for repativon of & commion random access
transmuission. In some aspects, units 344, 530, 356, and 362 may be reserved for the second
10 type of random access transpussion shows in FIGL AR,
As indicated above, FiGs SA-5E are provided sy examples. Other examples are passible and
may differ from what was described with respect to Fl(s. SA-8E.
FIGs, 6AO0 are diagrams fllustrating an example 500 of resonrce allocations within a grid

of ynite in amr uplink-centric slot for nwdtiphke types of randomm-aceess transmission.

s
1)

As shown in FIG. 64, & first resowrce allocation may include type | resowree allocations 602-
tand 6032 and type 1 resource gllocstions 604-1 and 604-2. Type | resource allocations
H02-1 and 602-2 may include resoures allocations (e, wits 412 of resourees assoeiated with
one or mare froguencies, times, oyclic shifis; ate) for the first type of random acoess
transouission shown i FIG. 3A&, Type 1 resource allocations 604-1 and 604-2 may include
20 resource sHocations forthe second type of random access transmission show in FIG. 38, In
g case, redource allotutions for the first type of randont accose tratsmission and the second
type of randony acoess transmission sre non-overfapping {Le., disjoint) resource allocations.
In other words, type 1 resource dllopations 60241 and 60242 wre associated with different

frequencies, different titges, andfor different cyddic shifts, within candom access chanel
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portion 408 of the aplivk~centrie slot, than fyvpe W vesowrce allocations 604-1 and 6042,

As showr in FIG. 6B, 2 second rescurce allocation may include type T resourde aflocations
H06-1 and H06-2; type hresource allocation 608, and type I type [T resource allocation 6140,
Type 1 resource allocations 606-F and 608-2 may include resource allocations for the frst
type-of random aceess transmission shown I FlIG. 3A, Type H resource allocation 608 vy
30 inchude resource stfocations for the second type of random acesss transmission shown in FIG,

3B, Typels type I resowce allocation 618 may inchude a shared resource allocation of units
for wiilization R the fsl type of sandom aecess nsnussion aod/or the second fvpe of
atdom gecess ransmission. Per c\dmpi ¢, a fivst UE 120 may otilize a particudar root unit

412 {e.g., & common Hequency resource and time restures) with a fiest oyelic shift foraeyelic

[
L

prefix and preanble for the first type of vandont access transmibssion, and a second UE 120
ity alilize the some particolar soot onit 412 with 3second, different oyvelit shifl for another

yolic prefiy ardd another preamble for the second type of ratdom acoess rxdsadssion. In this

)
[ <3
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case, U base station |10 may determing whether the preamble s assoviated with the first type
of vandom aceess transmission or the second fype of random access trsnsoiission, sueh as

based at feast inpart on the eyelic shifi,
Ag shown in FIG. 60, # third resouroe allocation may include type | resomve allocations 612-
o) Tand 6122, type 1/ type H resource allocation 614, and type 1/ type I resource allocation
616 Type resource aliopations 613+1 and 612-2 may elude rosouwrce allocations for the
first type of random aocess transmission shown i FIO. 3A. Type 1 type H resource
gHocation 614 may inchude a shared resource allocation of units for utilization for & preamble
of the first type of raidom access transndssion andfor a pregmble of the second type of
10 ravdom access transpussion. Type 14 tvpe 1 resonrce sllocation 616 may inchude w shired
resoarse allocation of wnits for giilization fora pregmble of the first trpe of random access
trarsmission andéor a mandom acogss message for the second type of mandom acoess
transpission, fo some aspects; type 1 type U resource allocation 614 may be wtitized for the

first tvpe of random agcoss transmission with a first oyelic shift andéor the second type of

s
1)

randon secess ranamission with a second, difforent oyclic shift.  In this cage, UE 120 vy
transinitsither @ preamble of the fiest type of random access transission using wits 412 of
type 10 ype 11 resouwrce allocation 616 or a randonm sccess message of the second fype of
randont access transyssion using ouits 412 of type d {type T resouree allocation 616, and 2
base station 110 mey detect whether UE 120 tansmitied 8 preaoble of the first type of
20 randdoT aceess Thessaee, a ptwmbk of the second 1ipe of Tandom BECess IMeLSAEs of dRE or

more of a st of random ascess mesiages,

U't

Asindieated above, FIOs. 0460 are provvided as exaraples, Other sxavples are possible and
gy differ from what ees deseribed with respect to FIGs, 8A-8C.

FIG, 7 s a flow chart of amethod 700 of wireless sommunication. The method 700 may be

3
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performed by a U {e g, which may corrsspond fo-one or more of the UE 120, the apparatus
BOO/B007  usee cyuipment 1150, anddor the liked,

At TIQ, o soroe aspects, the UE receives base station signaling Wentifving & schedule for
resodress of a rmdom access chiannel portton of & stot {block 713 For axample, a first type
of random acorss ransmission may be scheduled for first resources of the vandorm acoess
30 chanuef portion of the slot and a second typeof random socess Transmission may beschedaled
for second rescurces of the random access channe! portion-of the slot b some aspects, the
first resourees may be sepamte from the second resouress,

AL T2, the UB determines whether 1o transmyit at least one of g frst type of random accesy

iransmotssion or 8 second tvpe of random accesy fransmisston within the random access

[
L

channed porione of the alot (block 728)  For example, the UE may determine whether to
teansoit theoat keast one of the s type of random gecess transiinston or the second fype of

randoan sccess transmission within the random socess chanoel portion of the slot. Inthis case,

19
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the UE may determine whether to transmit the fivet type of random access transmission or the
sceond type of random access transmission based at least in part on channel conditions; such
as an SNE parameter, & Doppler parameter, andfor the ke, In some aspects, the first tvpe of

ranchom actess fransnyission-includes apreamble. i some aspeetsy thesecond type of random

s focess twansmission inchides the preantbie and anndont tocess message.
o somme aspecs, the fest type of random aocess ransmyssion and the second tvpe of random

access transtoission gre cach comprised of & compon anit stracture, the andom access
channed portion of the slot comprises & grid of units, dnd the préamble cvcupies ne anlt, of
the grid of units, and the random acoess message occupies one unit of the grid of units, I
10 some aapects, the sscond type of random aceess wansmissiony inchades s plurality of random
access messages and vach of the plerality of rendom scoess messages voouples @ different
wit of the grid of units,
In some aspects, the slot includes a dowalink control portion, an uplink long burst portion,
and an uplink short st portion and the randonps acoess channel portion isconfipurad within

\

the uplink long barst poriion. In some aspeets, the fisst fype of swdony secess transmission

s
1)

is & first type of physical random aceess channel (PRACH) random acesss transimiasion, the
second type of random focess transmission is a second type of PRACH randomn aceess
ransmission, the preamble of the Sesttype of PRACH random secossy fransmission {5 a first
H

1]

randony access chaonel (RACH) preamble, the preamble of the sccond type of PRA
20 random access ransmiasion g seeond RACH preambile; anchthe random atoess message #g

g RACH canddn aocess message.

A 730, the UE wansmits the at least one of the flrst type of random acoess fransraission or

the second type of random access transussion within the madom access thanne! portion’of

the slot (block 7308). For exanple, the UE mey transinit the gt leastone of the firgt type of

3
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randont access transraission or-the sscond tvpe of random access tansntission within the
random acoess chaone! poetion of the slot, - o this case, the LR may iryosmdd the fust type of
rancdorn access ransmission or the second type of randoo access transmission 1o a base station
iy initiate a random aceess procedure, such oy a physical random access chamned (PRACH)
randont acesss procedurs. Based at least in part on completing the randont aeosss procedur,
30 the LE may be wynohronized for uplink transmission andfor downlink transmission

In some aspects, the Brst type of random acesss transoission amd the second tvpe of vandom
secess trarmmission are tansmitied within the random aceess channel portion of the slot. In
some aspeets, the fiest type of random access trapsmission and the sccond type of random

ACCENS fransuission dre ransmitted using separate rescurces of the randwrg access channel

[
L

pm‘iimt of the stof, In some aspects, a schedude for the separate yesources is fdentified by base
station signating, Foosome aspects; the fisdt type of random aedess transoissing and the sedoud

typeof randony acoess transniission share at feast one resource of the random access channel

20
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portion of the slol. In some aspects, the at feast one resowres is associated withoa firgt {:}fciie
shift for the first type of randosy gcoess transmission and 3 second cyelic shift for the second

typo-of randonyacess fransmission.
In some aspects, the at Jeast one of the first type of randont acvess transmission or the second
o) type of randont sccess fransmission 8 nwmsoiited for 2 number of repetitions within the
random access channgl portion of the slet,  Tn some aspeots, thy monber of repetitions is
selected based atleast in part on a setof channel conditions. b some aspects, the nuntbar of
repetitions uses different rescurces of the randorm access channel portion of the slot. In sonte
aspects, the different resources nclade o least one of differang frequencies, differat thaes,
10 ot different cyvelic shifts within the randoin access channel portion of the slet. It some
aspects, 3 schedele for the difforcat resowves, of the random access channel portion of the
slot, i ddentified by base station signaling. In some sspects, 2 first number of repetitions is
associated-with a Hrst user and a second number of repetitfons s assoclated with & second

BREr.

s
1)

Although FIG. 7 shows example blocks of a method of wirddess conmunication, in some
aspects. the method may nclude additional blocks, fewer blocks, differant blocks, or
differently arvanged hlocks than those shown InFIG. 7. Additionally, or sliernstively, twoor
more biovks shown in FIG. 7 pay be performed o paralled,

FIG. B i3 & concoptual data flow diagram 800 lustrating the data flow betwesn differem
20 modalesmeansicomponents By an exanple apparatus 302, The apparates $G2 may bea UE.
tn some aspecdy, the apparatus 802 includey ¥ receplion modude 804, & dotermining madale
808, andfor 2 fransmdssion modiule 808,

The reception modale 804 may recaive, from o bdse station 850 and ay date #10, one or more

signafing megsages, one o more nebvork mieaswrerments, andéor the e, The oae or more

3
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signaling messages may nelude one or more SIBs that mey identty 2 resourse allocation for
a randor ascess chanoel partioe of a slot. The one or more signaling messages may ideatify
a portion of the resourse allocation reserved for a first type of random access trapsiission
that inchudes 8 preamble, a second type of nwmdom sccess transimission that includes @
presmble and a random access message, andior the lke. The randont access channel portion
30 of the stobmay melade s grid of units, and each unit may be allocatable to-use for the presmble
of the firsttvpe of rendont acoess ransmission, the preamble of te second type of randam
secess ransmission, the rangdony secess message of The second fvpe of random ascogss

fransiyission, and/or the ke

The deterralning mwditle B06 may receive, from reception module 804 and ay data 812,

[
L

wformation indicating whether fo transant at least one of the Dt ivpe of random sccess
teansovissivg of e second type of random scosss transissin.. For example, based at feast

i pard on & network measurament indicating a threshold SNRE value, the determining module
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806-may determine to transoit the second type of random aocess ransmission. Allematively,

hased at Jeast b pat oo the setwork soeasurement indicating that the SNR value does not

satisly the threshold, the determining modude S06 may determing to transmit the st tvpe of

randonm access transmission. Jo some aspects, the determining modale 806 may determine g

o) fevel of repetitions for the random socess transmission, @ set of units of 2 resource grid

representing 3 set of alocstable resources to yllize to transmit the random access
fransmdssion, andior the ke

Thetransmission module 808 may receive, from the determining module 806 and a8 data 814,

information indicating whether to transmit the af feast one of the first {ype of random sceesg

10 transmission or- the second tvpe of randony scdess fransmission within the random accesy

channed portion of theslot based at least In part oo the determining modide 806 perfonming

the determining. The transnussion modile 08 may transouit, ©o base station 830 and as data

H16, the at least one of the first type of random access tramsmission or the second typeof

randn geeess transmission within the random aceess channel portion of the slat bazed st

s
1)

lesst by part oh recetving data 814,

The apparatos may include additional modules that perform each of the blocks of the
algorithm I the sforementionsd flow chwt of FIG. 7. As such, each bhlock bt the
aforementioned flow chart of FIG. 7 may be performed by 8 module and the apparaies may
inchide one o more of those modules. The modules may be one or mwe bardware
20 somponents speciiivally configured to casty out the stated processesialgorithn, implenonied
by a processor condigueed o perform the stated processesialpovithim, stored wwithin @
computer-readably medinm for implepentation by a procesgor, or some cornbination thevent
The namber and sresngement of modules shown in FIG. B are provided asan gxample.

practice, there may be additional modules, fewsr modules, different modules, or differently

3
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sreanged modules than those shown i FIGL 8. Futhermore, two-or more modules shown in
FIG. § may be implonwrded within a single swodule, < b singke rocdule shawn in FIG. 8 may
be implemented as multiple, distributed mwodules,  Addittonally, or alisenatively, g set of
modutes {eg., one or more nwodoles) shown in FIG. 8§ miy pecform one or more functions
doseribed sy being performed by another sefof modules shawn in FIG, 8

30 FIG. 9 ds & dHagram 900 ithistrating an example of 3 hardware implementation for anapparatus
802 employing & processing systom 902, The apparates 802" may be a UE,

The prooessing systom 902 may be dmplenented with a bus arehitectre, representad
generally by the bus 904, The bus 904 may inclade any namber of inferconnecting boses and

bridges depending o the specific application of the procossing system 902 and the overall

[
L

desigy constraids, The bus 904 Haks fogether vanious cirooity including one’ or wmore
processors anddor hardwate misdales, tepresented by the pracéssor 906, the modides 804, 886,

08, and the computetrendable modin / memory 908, The bus 904 may also- ok vartous

Ay

Ade
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other cireuits such as tming sources, peripbierals, voliage repolators, and powsr management
cirouits, which are well known. i the art, and therefore, will pot e deseribed any finther,
The provessing syatem 802 may be coupled to a franscaiver 910, The trsasceiver 810 13
coupled 1o one or more antenvas 912, The trapscetver 910 provides o means for
o) compunicating with varlous other apparatus over 2 transndssion medinm,  The transcelver
910 recetves a signal from the one or more antennas 912, extracts nformation Dowm the
veceived signall and provides the extracted information to the processing system 902,
specifivally the reception module 804, I addition, the transeetver 910 receives nformation
from the processing system 902, specifically the transmission modole 308, and based &t least

10 i part-on the received: information, penerates o sigal to be epplied o the orie or more
ardeanas 312, The processing systerm 902 includes @ processor 9086 soupled 0 2 compuder-
readable medivum { menory 908, The processor 980 is responsible for general processing,
Including the execution of sottware stoved on the compuier-resdable medivm Cmemory 908,

The sofbware, when executed by the processor 908, cansces the processing systen 902 to

.-

s
1)

periornt the vatious functions desertbed supre for any particalar appsestes. The computer-
readable mediam ¢ memory 908 may akso be used for stoving data that is manipulated by the
processor 206 when executing software. The processing svstem further inchudes at least one
of the modules 804, 806, and 808, The modules may be soltware modales runming tn the
processar Y09, resident/stored 10 the computer readable medivan § mermery 08, one or more

20 hardware modales coupled o the processor B0O, or some combination tereof.  The

processing system 902 may by a component of the UE {2 and miay include the memory 282
sndior sl least one of the TX MIMO processor 266, the RN provessar 258, andior the
conirolieriprocessor 280

I some aspects, the apparatus B30 for wireless communication inclodes means for

3
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determining whether to transont at least one of a first type of vandom access transmission or
2 seoind. tvps of modom accesy transmission within 3. randoor access channel pariion of
slot. Iy some sspects, the sppanstus 80278027 for wireless compunication includes means for
transmitting theat least ong of the first type of random access ransmission-or the' second type
of mpdoem acesss ransmission within the random secess channel portion of the slol. The
30 aforementioned means gy be one ormore of the aforementioned modoles of the apparatug
802 andfor the processing svstem 902 of the apparatus 302" configured o perform the
funetions reciied by the aforomentioned mwsns. As deseribed supra, the processing system
902 may inchude the TX MIMO processor 266, the RX processor 258, andfor the

caontrotesiprocessar 280, As such, dn one configuration, the aforenentioned masans may be

[
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the TX MIMO processor 266, the RX processor 238, aadior the coutraller’processor 288

configared to porfinm the fanctions recited by the sfcrementioned theans.
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FIG, s provided as-an example, Other examplesare possible and may ditfer fromowhat was

deseribed in conneetion with FIG. &

FIG. 10 15 2 How chartof 8 method 1000 of wiveless conmumication. The method 100G may

be performed by & BE ez, which may corvespond toone or micee of the BS 110, the base

o) station 830, the apparates [T00711007, sodior the ke

AL T010, in some aspects, the BS provides base station signaling identifving & schedude for

rescurees of @ randin access channed portion of a slot (Moek 101D} For exanple, a fisstiype

of random access transmission way be scheduled for first resburces of the vandom avcess

channel portion of the slot and # second type of random accesy trarsmission may be scheduled
10 for second resowrces of the random access chanpel portion of the slot. In some aspects, the

first resoarses may b separate oot the second resouroes.

AL 1020, the BS monitoes for both a first type of random. acoess transmission and a second

type of random access transmdssion within: the vandom socess channe! portion-of the slot

{block. 1020). For-oxample, the BS may monitor for the first type of random access

s
1)

tranwmission, which way ipclude a preamble, and the setond tyvpe of random sccess
transiission, which may nclude a preamble and a random access miessage, o enabls & user
squipnent {e.g., UE 120, the apparcius B00/800°, user equipment 1130, andfor the ke 1o
ransmt at least one of the fivst type of randorn access transmission or the second type of
1.‘;3::1:;10131 HBCCEES i;i“:fmS’iﬂiSSiDﬂ.ﬁ

20 o some aspects, the first typo of randont access trarsmission and the seeond type of random
access bransmission are dach comprised of a vommon unit structiws, the random aocess
channel portion of the slot comprises a goid of units, and the preamble cccuples one uni, of
the-grid of eaiw. and the riudom deeesy message oocupies ohe it of the wid ol unity In

some gspects, the second tvpe of random acoess transmission includes a plurality of random
£ . Y } 8
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secessy messapes, and vach of the pheslity of random access messapes ovcopies & different
unit ofthe grid of units, In somw aspects, the fostiype of randotn acoesy iransmission and the
sovond type of random accoss fransmission are received within the random access chamnel
portion of the slot,
In some aspeets, the first iype of randors aceess ransmission and the second type of random
30 ageess fransnssion gre received using separate resources of the random sogess channel
portion of the slot.. i some aspects, a schedule for the separdte resources {5 identified by bage
station signaling,. In sune aspects, the first typeof random aecess transmission and the second
type of random access transmission share at least one resource of the random access channel

portion of the b, In some aspects, the at least one resoures v assogiated with a fiest oyclic

[
L

shift fov the first type of random socess ansmisstor and 4 sccond ovelio shift for the second

tepe of candom access transmission.
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AL 1430, the BS recetves, Drom at least one user equipmant, ot least one of the Srst type of
ragdont access fransmission or the second type of random access transniission within the
random aceess channed portion of the slot based atf feast in part on monitoring for both the
first type of randony gocess transioission and the secomd type of random aceess transmission
o) {hlock 1030) For example, the BE may recsive the frst type of random access transmission
hased at feast In part on monitoring for both the St type of randont access fransmission and
the second type of random accoss trarsmission. Additionally, or altematively, the BS may
receive the second type of randon dccess transmission based at feast in part on monitoring
for both the fist type of random accesy transmission and the second type of random access
10 transmission. Additionally, or aliernatively, the BS may recetve both the first type of random
access ransmission and the second type of random socess ransmissikot based af feast in part
are monitoring for both the first tvpe of random aceess transndssion and the secomd type of
random gccess transmission;

Although F1G. 10 shows example blocks of a method of wirddess conmmunication, in spine

s
1)

sspects, the nwthod vwy inchude additional blocks, fower blocks, difforent blocks, wr

differsntly arvanged blocks than those shows i FIG, 1 Addigosally, o allermatively, te

or prore blocks shown in FliG. 10 pay be performed in parallel.

FIG. 1 s 2 conceptua] data flow dlagram 1100 illustrating the date flow botween different

modeles/meanscompunents in an example apparatug 1102, The appseatus 1102 may beoa

20 B3, inosome aspeots, the apparats 1102 ncludes a reception module 1104, & monitoring

modide 1106, andior a transmission module T108.

Thereceptivny modale 1104 roay reesive, from a user equipmeant 1150 and as data 1110 andior
data 112 anformation identifyving 2 randontacoess transmission. For example, based o least

in et oy the monitering module 1106 indicating that the reception mwodule 1104 s to monttor

3
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for both = first type of random access transmission-and a second type of random secess
transodssivn within & ravalom actess chanmat portion oF 4 glof; the reception module 1104
may receive at least one of the fest type of random agcess transmission or the second tvpe of
randont access transmission within the randomy sccess chasned poction of the slot:

The menitoring medale 1106 may veceive, fram the reception module 1104 and asdata 1114,
30 information sesoctated with @ random access tansmission,  For example, the momitoring
modide 106 may recetve an ackoowledgement message from the user equipment 1150
indicating s scknowledgement of a schedule for randony socess iansmissions provided by
the transmission module F1O8 In come aspects, the firsttvpe of random aocess transmission

and the sscond type sfrandom accssy transodssion may be seheduled for soparate resources

[
L

of the random access channed portion of the slon
The transmission modele THE mav receive, from the monitoring middale 1106 and as data

1118, information associated with a random soeess transmission.  For sxample, the

25
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brangmission - module. O moay receive information indicating receipl of 4 random acgess
transoyission by the reeeption module 1104 based at Izast in part on the monitoring mwdule

1106 cousing the reception module 1104 to recgive the random access transimission. Tn this

case, the transmission module 1108 wmay provide data 1118 to wser eguipment 1150 1o
o) soknowledge reontpt of the first tipe of randord actess ransmission or the second wype of

random access transoiission,  Addinonally or altomatively, the tansmission moddde 108
may provide hase station signaling Kentifying a schedule for the user equipment 115040 use
i transndt at least one of the firstvpe of random access iransmission or the secomd type of
random acoess transmission,

10 The apparatus may inchide additional modules that parform cach of the bocks of the
algorithm dn the aforementioned fow chart of FIG. 10, As swek each block in the
sforomentionsd How chart of FIG. 10 may be performed by a module and the appswatus nay
Include one or more-of those modules. The modides may be one or wore hardware

eomponents specifically vonfigured to vatry out the stated processesfalgorithm, implentented

s
1)

by a processor configured to perform the stated processesfalporithm, stored within a
gompiter-readabls mediam for implememation by a processor, orsome camnbination thereof,
The nurober and awangersent of modules shown in FIG. 11 are provided as ane example. In
practice, theve may be additional modules, fower modales, different modules, or differently
srranged modules thanthose showrtin FIG, L Fuethermore; two o pore mndules shown in
20 FIG. 1 may be implomented withiny g single swodale, or a single module shown i FRE 1
miay be lmplemented ay aultipls, distribided moddes. Additionally, or slternatively, 4 setof
modiles (e.¢., one or more modules) shown in FIG. 11 raxy perfone obe op more fonetions
deseribed a3 being performed by another set'of modules shoam in FIG 1 L

FiG, 1245 2 diggram 1200 illustrating an example of @ hardware inplementation for an

3
1953

apparatus 112 emploving a provessing system 1202, The apparatis 102 may bea BS
The processing sysieor 1202 may be Implememted with & bus architesture, represented
generally by the bus 12040 The bus 1204 may Include any number of interconnecting buses
and bridges dopending on the specific application of the processing system 1202 and the
overall design constraints. The bus 1204 Hoke topether various civeuiis including one or move
30 processors andfor havdware modules, represented by the processor 1209, the modules 1104,
[106, 110, and the compuier-readable mediom { memory 1208, The bus 1204 may also Hok
vagious-other oircuits such as Himing souwrees, poripherals, voltage remdators, sad power
management cirouits, which arc well known b the art, and therefore, will not be described

any further

[
L

Thi processing systent 1202 soay be couplad to o transesiver 12100 The transeabvery 12108
)

coupled 0 dne of more amtennas 13320 The transeeiver 1210 provides & mbang for

comrounioating with various other appatates over s tansmdssion mediunt. The ransceiver
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1310 receives 4 signal Fom e one-or more antennas 1312, extrgets information from the

received signal, and provides the extracted information o the processing systern 1202,
spectficaily the roveption modide 1104, Tn addition, the transveiver 1210 seceives information
from the processing system 1202, specifically the transmission module 1108, and based at
o) lenst b part o the received information, penerates asignal 1o be applied tothe onie ot mise
antennas 1212, The processing system 1202 hnoludes a provessor 1206 mnpieﬁ o
compiter-readable medium ¢/ memory 1208, The processor 1200 is responsible for geoceal
processing, including the exeoution of seftware stoved on the computer-readable mediumt £
memory 1208, The software, when excouted by the processor {206, caoses the provessing
10 system 1262 to pevform the varfous fonctions desoribed sepre for amy particular spparsias,
The somputer-readable mtdivm  oremory 1208 may also be wsed b sioring data that s
manipuiated by the pracessor 1206 when exeouting software: The processing system further
Includes at feast one of the modules 1104, 1106, and 1108, The modules may be software

modules running in the processor 1206, restdentstored in the computer yeadalde mediam /

s
1)

memory 1208, one o more hardware modides coupled o the processor 1206, or some
combination tereof. The processing system 1202 may be 3 component of the BS 10 and
may inchide the memory 242 andior at feast one of the TX MIMO processor 230, the BRX
processor 238, andforthe controtles/processor 240,
b sorne aspects, the apparatus 102/ 102" for wireless communication inchudes means for
20 monitoring fov both a first type ofrendorn access tradsmission and a second typs of random
ancess fransmisston within g sandoay acdéess charinel pottion of & slot. In soms aspecis, the
spparatus 110271102 forwireless comprwicstion dnclhudes means for receiving, frony at Jeast
oheuser sgipment, ab least one of the Hrst tvpe of random ascess iransmission or the second

type of random acoess ransmission within the randont aceess channel portion of the slot based

3
1953

at Jeast in part on moaiioring for both the first type of randoont accesy transmisston and the
seicdad trpe of random ascess ansriission. The aforcreontivocd means may by one oF gwre
of the atorementioned modules of the apparatus 1102 andfor the processing system 1202 of
the apparatus 1182 configured o perform the fanctions recited by the aforementioned means.
As described supra, the provessing system 1202 way dnclude the TR MIMO grovessar 230,
30 thie RX processor 238, andfor the controllerprocessor 240, Ax such, in one configuration, the
aforementioned medns may be the TX MIMO provessor 230, the RX processor 238, andfor
the controffer'processor 240 configured 1o perform the funetions recited by the
aforementioned ihedns.

FIG. 12 ds provided as an example. Other examples are possible and may differ frorn what

[
L

ws described fy connection with FIG. 12,
it s undérsiand that the specific onder or hierarchy of blocks inthe provesses ¢ flow charts

disclosed i an illustration of exsmple ‘approaches. Based upon design prefercnces, 1 s

27
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wnderstood that the specific order or Bigrarchy of blocks inthe processes / Dow charts may be
regreenged. Further, some blocks may be combined or omitted. The accompanyving methad
clatmes presest clements of the various blocks i 8 sample order, and gre notl meant 1o be
Hinited o the specific order or hierarchy presented.

The provious description is provided o enable any person skilled n the an o practics the
various aspects desoribed herein, Varloos medifications 10 these aspeets will be readily
apparent o those skilled in thearts and the geaeric principles defined herelnn gy bo applied
ter osther aspects, Thus, the clabrs are not imtended fo be linted o the spects shovn heredy,
it fs10 be accorded the full scope consisientwitl the language olalose, wherehn reference o
an clement in the singulasr 8 ot intended 1o pean “one and only one™ anless specifically so
siated, but sather “one of more,” Theoword “exemplary™ is dsed heretn to vican “serving as
s example, instance, or illustration.™  Any aspect deseribed herein as “exemplary™ s not
necessarily’ too be constnied as preferred or advantageous over other aspects.  Unlasg

ally stated otherwise, the term “soume” refers to oncoor more. Combinations such as

b

“at feast one of AL B, or &7 Yat Ivast one of A B, and O and *A, B O, orany combination
thereol™ Include any combination of A, B, andfor €, and may include multiples of A,
mnshtiples of B, or mudtiples of O, Specitically, combinationg such as Pst lesstone of A, B, or
C %t leant one of A, B and € and AL, €, or apy combingtion thercol™ nay be & only,
B only, Conly, Aand B, A and €, Band €, or A and B and O, where any such combinations
may coutaln one o more member of members of AL B, or € Al stractingd and functional
squivalents to the slements of the variouy adpects described throughout this disclosars that
sre kpown or later come to be kndwn to those of ordinary skill in the ant are exprossiy
imcorporatet herein by reference and ave imtended o be envouipassed by the claims,
Morsaver, nothing disclosed herein is intended to be dedicaied to the public regardless of
whether such disclosure is explicttly recited in theclaiims. Noclatm elernent is to be construed

as a means plos Rmetion ualess the cloment §s sxpressly restied using the phease “means for”
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i A method for wireless communication, sompriging:
detormining, by a user cquipment, whether 1o transmit at feast one of & first tyvpe of
random aocess transmission of 8 second type of random access mamission within a random

sovess channel portion of 8 siot,

Lh

wherein the first type of tandom access transmission inchudes & preamble,
wherein the seeond type of reudom access ansmission jncludes the preamble
anda random access messdge; and
transmitting, by the user equipment.the at least one of the first type of random ascess
transmission o the second type of random access ransmission within the random secess
{8 chaonel portion of te skl
2 The method of olaim by wherein the first tvpe of rimdony decess transmission and the
secomt tvpe of randpm secess ransmission are pach comprised of 2 compon unil siractore;
wherein the random sceess champel portion of the slot conprises a grid of undts; and
wherein the presmble ocoupdes one it of the grid of units, and the random gcosss

3 message-ocoupios one wnil of the grid of units.

7]

The methed of elaim 2, wherein the second type of randon acoess transosission includes
a plurality of randony aceess messages; and

wherain sach of the pheslity of vandom sccesy messiages occupies & difforstit unitof the
grid of anits.

The method of claimy 1, wherein the first type of randons sccess transmission and the
: ¥ ;

second tepe of randony access fransoussion are transmitted within the random access channel

poriion of the slot,

4, The methed of clatm 4, wherein the first type of random aceess transmission and the
second type of randon accesy iransoission are bansmitted using sepavate resouress of the

random access channel portion of the slot

& The method of clatm &, wherein a schedule for the separsde resouress is identified by

base station signaling.

6. The metbod of claimy 4, wherein the first type of randony acoess transmission and the
second type of random acedss ifaniorission share sl lvast one resoutee of the random access

channel portion of the slot.
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ks The methed of clatim 7, wherein the at least one resouree is associated with a first eyelic
shift forthe fest type of random access transmission aud 2 sccond eyelic shift for the seeond

type of randony scoess transodssion,

8. The method of olain 1, wherehn the at lpast oncoof the first ype of random acesss
transaission of the second type of random access transnission 15 transmitied for d qumber of
{

repetitions within the random decess chasnel portion of the slot,

G, The method of clainy 9, whersin the rumber of repetitions is selected based at least in

pari ow'a set of channel conditiony,

i, The method of claim 9, wherein the mumber of repetitions uses different vesources of

the randomn access chansel portion of the slot.

L. The method of claim 1, wherein the different resources include at least one of different
frequencies, different times, or different evctic shifts withinthe randos access channel portion

of the slot,

2, The method of ofsiny L whereiy g schedhde for S different resogrses, of the random

access charwel portion of the slod, i wWentified by base station dinaling,

T3 The methed of Slaimn 9, whitrein a firdt number of repetitions is essociated with a first
user and 3 second number of repetitiong is associated with a second user,
id, The mwethod-of slaim 1, wherehi the skt tneludes & downlink conteol portive, an spdink

forg burat portion, and s uplink short burst portion,
wherein the random access channel portion s configired within the uplink long

burstportion,

13, The method of elaim 1, wherin the flvst type of random acoess transmission fxa fest
type of physical random acesss chasnel {(PRACH) random acoess transaxission,

wherein the second lype of randon access transmission is a second fype of PRACH
random access transmyission,

wheredy the preamble of the first type-of PRACH random access transmyission isa fisst

randons acosss chisnnel (RACH) pregamble;

30
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whereln the preamble of the second type of PRACH randony acoess transmission s 8
seoond RACH preambie, and

wherein the randon access message s a RAUH randum acoess message.

16. Adevive for wireless conmmunication, comprising:
memony; and

ane or more processors coupled o the memoty, the pemory and the ong or moe

processors configored to:

determine whather to transmit ot leastone of a first type of random scoess
tranarbission or a second tvpe of randinn socess transmission within s random aceess
chanael portion of a-slot,
whersin the first type of randont access transmission includes a
preamble,
wherein the seennd type of random aceess transmission includes the
preamoble and o random access message; and
transmit the at least one of the fivst type of random aceess transmission or the
second type of randont scocss transntission within the random aceess chaane! portion of

the siot,

7. The devive of chim 17, wherein the first type of randony acoess trmsiission and the
secondd type of random aocess transmission ars sach comprised of & comuman nail stracturey

whereln the tandom access channel portion of the slot covyprises a grid of units; and
wherein the preamble pecupies oné unit, of the grid of units, and the randomaceess

message oocupies one unitof the gridof units.

15 The device of lalot R, whersin the sceond type of randoms aceess transmission
inchides a plurality of randown scooss messages: and

wherein each of the phaality of random access messages occupies & difforent ynit of the
grid of unils,

19, The device of claim 17, whereln the 8rst type of random access transmission and the

secord type-of randon acosss transodssion are ransmitted within the vandoni acoess channel

portion of the stot.

20, The device of clatm 20, wherein the first type of ndom access transminsion and e
eoand fype of random-acessy trandnission dre transmilted using separate rosources of the

random access channel portion of the slot
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21, The deviee of elaim 21, wheretiy a schedule for the separate resources is identified by

base station signaling.

22, The devige of claim 24, wheretn the first fvps of random socess transmission and the
second type of random sccess ransmission share at Teast one resource of the random acoess

channel pontion of the slot

23, The device of chim 23, wherein the at least one resource 1s associated with a fiest eyelic
shift-for the fist type of random access fransmission dnd 2 second cyelic shift for the second
type of random acoesy transmissiog,

-
i
ki

34 The device-of clain 17, wherein the at feast one of the first type of randont socess
teansmission or the second type of random arcess irapsmission is transmiited for & munber of

repetitions within the random secess channed portion of the slot,

23, The device of chaim 25, wherein the number of sepetitions {s selected based at feast in

partona set of chamnel couditions.

28, The devive of olaim 23, wherain the sumber-of repetitions uses different resourcas of

the random access channel portion of the slat.

7. The devive of dlaim 27, whersin the different resvurces inclade gt teast one of differeny
fregoencies, different times, or-different cychic shifty within the randory access chanmel portion
of the slot.

28, The device of chaim 27, whereln a schedule for the difierent resources, of the random

aecesy channel portion of the slot, i identified by huse-station signaling

9, The device of clajm 25, wherein g first nember of repetitions i associsted with a first

user and a.second murber of repetitions is associated with a second user,
My The device of claim 17, wherein the slot inchades & downlink contral portion, ay uplink
fong burst portion, and ao uplink short burst portion,

wherein the random sceess channet portion s configured within the uplink long

hurst portion.

e
%]
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3L The device of claim 17, wherein the first tvpe of random access transmission is a first
vpe of physical random aceess shanmel {PRACH) random sceess transodssion,

wheretn the sceond type of randony aceess trmsnussion i a seoondiype of PRACH
random aocess rapsmission,

wherein the preamble of the first tvpe of PRACH vandom sccess tradsmission is a first
randonracesss channed (RACH) p,resxmbie,

wherein the preamble of the sécond type of PRATH mandout setess transmission s a
secind RACH preanble, and

wherein the random access nressage s 3 RACH random acoess message.

33 An appaatus for wirgless sommetcation, comprising:
meang for defernvining whether o transmit ab least one of & first type of random aveess
fransmission of aosccond tvpe of random aceess transmission within g randont access channel
portion of a shot,
wherein the first type of vandom access transmission includes a presinble,
wherein the second type of randony access fransmission includes the preamble
and g random scoess messags; and
means for {ransmitting the al least one of the st fype of random acoess transmission or
the secand type of random access iransmission within the random accesy chanaed partion of the

siot,

Lad

3. The apparatus of elaim 33, wherein the flrsl type of randony acoess transadssion and the
soond type of random gccesytransmission are saeh comprised of 3 common uhit stracture

f units; and

whereliv the random aces

vchanel portios of the slot comprises a grido
wherety the preamble cecupies-one it of the grid of enits, snd the random adcess

Message sosuprics wng unit of thy gad of vaits,

34 The spparatus-of clain 34, wherein the second type of nisdmnraccess ransmission
meindes a plarslity of random access messages; and
wherein gach of the plaraiity of random acessy messages ocoupiss & different unit of the

grid of enits.

35 The apparatas of clair 33, wherein the frst type of randorn aceess transmission and the
second type of vandmn sccess transinission ave transodtied within the vandom access chanugl

portion of the slot.

[
ok
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36. The apparatus of claim 36, whensin the fiest type of random sccess ransussion and the
seeond fype-of randony acosss transmission are ansmited using separate resourges of the

random access channel portion of the slot.

7. The apparatoy of glaing 37, wherein g schiedule Tor the sepsrate resouress is fdentified by

L

hase station signaling,

8. The dpparatus of claing 36, whereid the first fype of randonraccess ransmission and the

Lad

second type of random acoess transmission share at least one resource of the random aceess

channel portioy of the slot.

39, The apparatus of olaim 38, whereln the at feast one resoures is associated with s first
velie shift for the first type of randont aceess tansmission and a second eyclic shift for'the

seconst typs of randam zocess transinission.

48, The apparatos of claim 33, wherein the at feast one of the first type of random acee

franstdssion ur the v tvpe of random secess irnstssion is ansmitted for a nuaber of

repetitions within the smdom seceas chanvel portion of the slot,

41. The apparatus of clabm 41, wherein the sumber of repatitions is selected based at least

in part on ¥ set of chanael conditions,

42, The apparates of claim 41, whereln the muber of repetitions wes different resources of

the random access channed portion of the slot

43, Theapparatos of clainy 43, whersin the different resources lochude s loast ong of
different freguencies, ditferent times, or dfferent oyelio shifts within the pndom secess channel

portion of the slot.

44, The apparstus of claim 43, wherein « schedule for the different rescurces, of the random

access chanmel portinn of the slet, is identified by base station signaling.

45, The apparates of claim 41, wherein afivst movther of vepetitions 1¢ associated with

figst user and ¥ second number of repetitions is associgted with a seond user

48, The apparates of clabm 33, wherein the slot inclades 8 downlick control portian, an

uphink forrg burst portion, sod s uphink short st portion,

34
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wherein the random access channel portion s configurad within the uplink long

Burst portion,

47, The apparatus of clain 33, whevein the firsttype of random socess frangmission s g
first type of physival randont actess channsl (PRACH) randony access rdbsatission,
wherein the second type of randony acoess transmission is asevoud type of PRACH

random access ranswission,

L.

wherety the preamble of the fisst fvpeof PRACH random access transmission s a fisst
random acoess channel (RACH) preamble,

wherein the preamble of the second type of PRACH vandomy aciess transmission is a
second RACH preanible, and

wheretn the random gocess message v RACH randot acoess message.

48, A nortransitory computer-readable medium storing instructions for wirsless
communication, the instructions comprising:
one or move instructions that, when executed by ong or mote processors of a device,

cuuse the ohe OF Mmore processors {o;

¥

determine whether to fransmit at feast one of 1 first type of random access
fransmission or & second type of random sccess tranpsmission within 2 randon acoess
channel portion of & sloy

whereint the fiest 1ype of random aceesy iransmission includes a

predimble,
19 wherein the second type of random actess transmission includes the

preamble and 4 random acvess message; and

transmit the at Teast one of the first type of rndonyaccess ransmission or the
second type of canderm aceesy ransinission within the madom acsess channel portiolr of

the siat,

49, The non-transitory computer-readable mediam of clabm 49, wherein the fost typrof
random acoess transmdssion and the second type of randont acoess transoission are sach
comprised of 4 common unit straclure

whereln the randony aocess chanoe] portion of the slot comprises a grid of units; and

(¥

wherein the preamble ocoupies one unit, of the grid of units, and the random aceess

rssage ovcuples one unit of the gridiod units.

4, A method for wireless communication, comprising

e
L
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determining, by @ base station, whether to recetve at feast one of a first type of random
access transmission vra second type of random secess tranamission within 2 random ao

channel portion of a slat,

Ly

wherein the first type of randont scoess trapsntission inclades a preamble,
whergin the second tvpe of randon access trnsmission includes the preamble
amd a random access message; and
reegiving, by the base station, theat least one of the fost type of vandom aceess
trasmnission or the secondivpe of random access trafsmission within the randosacesss

0 channel portion of the slot.

51 The mathod of claim 31, whersin the st type of random aceess transmission and the
seconrd type of random accoss thansoission are cach comprised of & compon unit siruchire;
whireist the randont acéess channel portion of the slot comprises o grid of units;y and
whergin the preamble ovcupies one unif, of the grid of units, and the randem access
Y pressage oecupics one anitof the grid of uniis.
52 The method of olaim 32, wheretn the second type of random aecess transmission
nciudes a plugadity of random access messages; and
wherein gach of the plusality of random accese roessages ocoupies adifferent unit of the
rid of units.
53. The methed of clatm 31, whersin the first tvpe of randorn aocess ransmission and the
gcond ypd of random sdeesy transmission are transmitied within the vandom aceesy chasnie!

portion of the sl

6

4, The swthod of slaim 54, wherein the fimt type of tandinm aocess arsmission and the
second type of randorm gocess transmission are tansoitted using separate resources of the

viandom access channel portion of the slot.

S The method of claim 55, wherein a schedule for'the separate resousees fs identified by

base station signaling

56 The method of claim 84, whereln the fisst type of random access transinission and the
second type ol tandin access ransraission share at least one vesouree of the random aceess

chiannel portion of the shat.
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The medhod ofeladm 37, wherein the at Ieast one resowres i assovigted with a-first

evehic shift for the fisst type of tandom aovess iransraigsivu and 2 sseomd evelio shift for the

v

scoond type of random SC00ss Iransmission,

S8 Adevive for wireless conmmunication, comprising:
memony; and
ane or more processors coupled o the memoty, the pemory and the ong or moRe
processors configared to:
determine whether to receive at feast one of g first type of randony gecess
tranarbission or a second tvpe of randinn socess transmission within s random aceess
chanael portion of a-slot,
whersin the first type of randont access transmission includes a
preamble,
wherein the seennd type of random aceess transmission includes the
preamoble and o random access message; and
receive the at least one of the fivst type of random secess transmission or the
second type of randont scocss transntission within the random aceess chaane! portion of

the siot,

39, The devive of chim 89, wherein the first type of randony aceess trmsiission and the
secort type of tandin socess transimssion are sach comprised of & cotrunon anit dracturs;

whereln the tandom access channel portion of the slot covyprises a grid of units; and
wherein the preamble pecupies oné unit, of the gridof units, and the randomyaceess

message oocupies one unitof the gridof units.

&0, The device of lalnt 60, whersin the sceond type of randoms aceess ransmission
inchides a plurality of randown scooss messages: and

wherein each of the phaality of random access messages ovcupies & difforont ynit of the
grid of unils,

&1, The device of claim 39, whereln the frst type of random access transmission and the

secord type-of randon acosss transodssion are ransmitted within the vandoni acoess channel

portion of the stot.

62, The device of clatm 63, wherein the first type of ndom access transminsion and e
eoand fype of random-acessy trandnission dre transmilted using separate rosources of the

random access channel portion of the slot

(a3
-y
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a3, The device of claint 63, whereb a schedule for the separate resources is identified by

base station signaling.

64, The device of clalon 63, whersin the Srsttvpe of random govess transmission atd the
seennd type of random acoess transmission share at lnast one resource of the random acesss

channel pontion of the slot

65 The device of claim 65, wherein the atleast one resource is associated with a first gyclic
shift-for the fist type of random access fransmission dnd 2 second cyelic shift for the second

type of randony scoesy transmission,

66 An apparates for wireless communication, comprising:
means for determining whether toreceive at least one of a first type of random scoess
transmission o a second type of randon access ransmission within a random aceess channel
portion of a slot,
whersinthe firsttype of randontaccess transmission includes & preamble,
wherein the second type of random aceess trapsoission includes the preamble
ad & random access message; and
mans for recelving the ot Teast-one of the first tvpe of vandorygocess fransmission or
the second tipe of random godess transinission within the random acosss chamnet portion of the

shest,

&7, The apparatus of claim 67, whersin the first type of random access tansmission and the
second tepe of random access fansoussion are cach comprised of @ conwnon umit structure;

whersia the sandom access chanag] portion of the slot comprises @ gridiof units; and

wherein the preamble ovcupies one upidt, of the grid of units, and the random aocess
massage pochpies one umit of the grid of unifs,
GE. The spparatus of clain 68, wherein the second type-of randonm access trangmission

inchides a pluality of randony acress messages; and
wherein each of the phaality of randont scoess messages oonapies 3 different unit of the

grid of units.

6. The-apparatus of claine 87, wherein the first type-of random aocess tavsission and the
second bype of random accesy transmission wie transmiited within the random acoeds channel

portion of the slot.

(]
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Fa. The apparatus of olaim 70, whereln the fire? type of randon sceess transmission and the
seeond type of random gcoess tranamission ave tnansotited using soparate resourees of the

random aocess channe! portion of the slol,

7l The apparates of claim 71, wherein a schedule for the separate resowrces s tdentified by

base station signaling,

72 The apparatus of claim 70, wherein the fivst type of random access transmission and the
second type of vandom access tranamission share at least one resonrce of the random access
channel portion of the kot

73 The apparatus of claim 73, wherein the at least dne resource is associated with a first
cyelic shiftfor the firgt typoof random access tmnsmission and a second eyelic shifi-for the

second type of randon accsss trapsodission,

74, A non-transitory computor-readable medium storing instroctions for wireless
conunupication, the instrections comprising:
ope o nore instractivos that, when executed by ooe or muwe processors of & device,

citsse the one Or MOTe Provessors {o

(¥

determing whethsrto recetve at loast one of a fitst tvpe oF random aocesy
Transoudssion or @ second type of random acessy iransiission within a randon aecess
channel portion of 8 shot

wherein the first type of random acesss ransmission includes g

pream’b'?e,
19 whersin the socond tepe of vandorm access trarsimission nchades the

preamble and 2 randont aceess message: and

receive the at Teast one of the first type of rmdom socess ransmission or the
second type of random access transmission within the random sccess chiannel portion of
the slot.

The non-iransitory conmpinter-readable medivmof cladm 75, whereity the fisst tvpe of
3 ) ¥

o 1
Al

randony aceess transidssion and the second type of random access Wavsmission are sach
sornprised of a comron Wit struciure;

wheredy the randony access-chanpel portion of the stot comprines & grid-of anits; and

R

wheren the preamble pecupies sne unity'of the grid of units, a0d the randon aceess

message otcupies ong wnit of the grid of uniis.

e
el
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76, The device of elaimt 76, wherein the second type of randon access tranamission
mcludes & plurality of nndon access messages; and

whereint esach of the phurality of random gocess messages cocapies u different unit of the

arid of units.

77, The device of claim 73, wherein the Brst type of randonvaccess trmsnission and the
second type of random access fravsoission are transmitied within the random acdess chiomel

partion of the slot.
78. The device of claim 78, wherein the firstiype of random access fraasmission and the
second type of randont accoss thansoission are fransmiited using separate resources of the

random aceess chaonnel portion of the slot.

79, The device of claim 79, whereln a schedule for the separate vesources is identified by

hase station signaling.

44
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