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DEVICE FOR AND METHOD OF BADIO ACCESS TECHMNGLOGY
SELECTION AMONG MULTIPLE RABIO ACCESS TECHNOGLOGIES

PRIORITY CLAIM
HEE Y This applicanion claims the bepefit of prionity o Uniled States
Provisional Patent Application Serial No. 62/366,925 filed July 26, 2016,
entitfed “METHOD TO SUPPORT SELECTION OF RAT IN THE PRESEN{E
OF MULTIPLE RATS,” and Unuted States Provisional Patent Application Senal
Mo 62/372 498, filed August 2, 2016, entitled “CHOICE OF RAT, each of

which 13 incorporated hergin by refergnce in s entirely.

TECHMICAL FIELD
{0002} Fmbaodimenis pertain to radic access networks, Some
embodiments refate to vehicle-to-evervihing {V2X) commumications in various
radio accese technologies (RATS) including cellnlar and wiveless Tocal ares
network (WELANY networks, including Third Genergtion Partnership Project
Long Term Evolution (3GPP LTE) networks and LTE advanced (LTE-A)

networks as well as 4% generation (4G) networks and 3% generation {5G)

networks,

BACKGROUND
{0063} The use of 3GPP LTE svstems (ncloding both LTE and LTE-A
svetens) has mereased due 1o both aniinerease 1o the types of devices user

equipment {LEs) using network resources as well as the amount of data and
bandwidth being used by various applications, such as video streaming,
operating on these UEs, For example, the growth of network use by Internet of
Things (o1} UEs, which include machine type coromumeation {MTC) devices
such ag sensors and may use machine-io-machine {M2ZM) commumnications, as
well as the burgeoning V2X commnimcations, has severely stramned network
resouress and moreased conmnunication complesaty. VIX corpmunications of g
vartety of different applications from a user equipment {LE} are o coordinate

with various lechnologies, as well as among potentially rapidly moving vehicies.
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BRIEF DESCRIPTION OF THE FIGURES
{0064} In the figures, which are not necessarily drawn 1o scale, like
numerals may describe sirotlar componenis wn different views, Like numerals
having different letter suffixes may reprasent different instances of similar
componenis. The figures ifhustrate generally, by way of example, bt not by way
of himitation, variows embodiments discussed 1 the present document.
{005} FI3 1A shows an example of a network archutecture in
accordance with some embodiments: FIG, 1B shows an example of 2 V2X
architecture i accordance with some ernbodioents.
{00061 FiG. 2 dlustrates componenis of a comymumicaiion device 1n
accordance with some embodiments,
TEE Figy 3 ifhustrates a block diggram of a conwmmicalion device in
accordance with some embodiments,
{D008] FIG 4 ilhustrates ancother block diagram of a communication

device in accordance with some embodiments.

{0069} FIG. S illusirates a roapping 1 accordance with some
erobodirpents.
T FIGES. 6A and o8 illustrate Radio Access Technology (RAT)

selection via a management object (MO} in accordance with some embodiments.
HEDS Y FH3 7 ilhustrates o svetem that uses the V2X nide in accordance
with some embodiments.

{0012} FIG. 8 illustrates mapping information commmyucated during
servige authorization 1n accordance with some embodiments,

{0013 FiG, 9 dlustrates a RAT transition in a V22X gysiem in accordance
with some embodimends,

HEHES FiG 10 dlustrates another RAT {ransition in a V23X system in
accordance with some embodiments,

HED Y FIG 1 dHustrates 8 message sequence chart {MSC) diagram ofa
utii-RAT system in accordance with some embodiments,

{0016} FIG. 12 iHustrates another MAC diggram of a moultt-RAT svstem
i1 aceordance with some embodiments,

617 Fiz 13A illustrates a flowchart of V2X authentication in
accordance with some embodimenis; FIG 13B illustrades a flowchart of V2X

apphication RAT deternunation i accordance with soroe embodimenis,
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DBETAILED DESCRIPTION
{0181 The following descriplion and the drawings sufficiently illusiraie
specttic embodiments to enable those skitied in the art to practice them. Other
embodiments may mcorporate structhurad, logical, elecirical, process, and other
changes. Portions and features of sorme embodunents mayv be mcluded 1o, or
substitited for, those of other emwbodiments. Embodiments set forth in the
claims encompass all available equivalents of those claims,
{00619} FIG. A shows an example of a network archifechime in
accordance with some embodiments. As used herein, an LTE network refers to
both LTE and LTE Advanced (1.TH-A) networks as welf as other versions of
LTE networks 1o be developed. The network 100 may comprise a radio access
network (RAN} fe.g., as depicted, the E-UTRAN or evolved wyversal ferresirial
radio accass network} 101 and core network 120 (e 2., shown as an evelved
packet core (EPC)) coupled together through an 81 interface 115, For
convenience and brevity, ouly a portion of the core network 120, as well as the
RAMN 101, 15 shown in the example. In addiion 1o the RAN 101, the network
14 may include one or more 343 RAN 130 each containing ong or more
standalone gNBs 132 and connected to a SG core network 140,
20 The core network 120 may inchide a mobility management entily
{(MME) 122, serving gateway {serving GW) 124, and packet data network
gateway (PDN GW) 126, The RAN 101 may include evolved node Bs {eNHBs})
104 (which may operate as base stations ) for compnunicating with user
equipment (UE) 102 The eMNBs 104 may joclude roacro eNBs 104a and low
power {LP) eMNBs 104h. Other elemente, such as a Home Location Register
(HER YHome Subscriber Server {HS88), a databass including subscriber
wformation of a 3GPP network that wmay perform configuration storage, wentity
management and user siate storage, and a Policy and Charging Rule Function
{PCRE} that perforns policv decision for dynamically applyimg Quality of
Service (08 and charging pohiey per service How, are not shown for
convenence, in some ernbodiments, the eNBs 104 may act as dual mode eNBs,
providing LTE/4G and 5G service 1o the UEs 102 in some embodimends, the

5G RAN 130 may be a booster cell that 13 connected to an anchor RAN 101

3
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{9021} The MRME 122 may be similar m function 1o the control plane of
legacy Serving GPRS Support Modes (SGEMNY. The MME 122 may manage
mobtiity aspects in access such as gateway selection and tracking area hist
management, parforming both mobility managerernd (MM} and session
management (S The Non-Access Stratom (NAS) is a part of the control
plane between a UE 102 and the MME 122, The NAS is used for signaling
between the UE 102 and the EPC in the LTE/UMTS protoco! stack. The NAS
supports UE mobility and session management {or establishing and maimtaiming
an IP connection between the UE 102 and PIIN GW 126

{022} The serving GW 124 may terounate the user plane mterface
toward the RAN 101, and route data packets between the RAN 101 and the cors
network 120 In additton, the serving GW 124 mav be a loeal mobility anchor
poutt for wter-eNB handovers and also may provide an anchor for inter-3GPP
mobitity. (ther responsibifities may melude lawful mtercept. charging, and
policy enforcement, packet routing, 1dle mode packet buffering, and triggering
an MME to page a UE. The serving GW 124 and the MME 122 may be
iroplemnented i one physical node or separate physical nodes.

1623 The PDN GW 126 may terminate g 830G interface foward the
packetl data network (PDMNY. The PDIN GW 126 may roule data packeds betwesn
the EPC 120 and the external PDN, and may perform policy enforcement and
chargmmg daia collection UE 1P address assignment, packet screening and
filtering. The PO GW 126 may also provide an anchor point for mobility
devices with a non-L'TE access. The external PDN can be any bind of |P
network, as well as an P Muliimedia Subsvetem (IMS) domam. The PDN GW
126 and the serving GW 124 may be ioplemented in a single physical node or
separate physical nodes. In some embodiments, the 56 CN 140 may be

connected with the BEPC 120 through a 563 mterface 1o an HSS of the EPC 120,

and rogy OF may not, wm some embodiments, be cormected throngh the PDN GW
126.
{00241 The eNBs 104 (macro and sacro) may fermnate the air inferface

protocol and may be the first poud of contact for g UE 102 Insome
grobodimernds, an eMNB 104 may fulfill varicus logical Bnctions for the RAN 101
including, but not lmied to, BNC {radic network controller fumctions) sech as

radio bearver managernent, uplink and downlhink dyvnamace radio resource
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management and data packet schedoling, and mobility management. In
accordance with embodiments, UEs 102 may be configured 1o commumicate
orthogonal frequency division mnltiplexed (OFDM) conanunication signals with
an eNB 104 over a multicarnier comnwnication channgl in accordance with an
OFDMA commuonication fechnigug, The OFDM signals may comprise a
plurality of orthogonal subcarviers. The UEs 102 may comvpunicate with the
RAN 161, the 3G RAN 130 and/or with each other (device-to-device (D213}
commumication) via e.g., 8 Dedicated Short-Range Conmmpnications (D3RO}
ok The DSRO standards suite s based on mudiiple cooperating standards that
have been mamly developed by the TEEE and are based on the THEE 802 11
standard.

{251 The 51 mterface 115 may be the interface that separates the RAN
101 and the EPC 120 T moay be split into two parts: the 51-U, which may carry
traffic data between the eNBs 104 and the serving GW 124, and the 81-MME,
which may be a signaling inferface between the eMBs 104 and the MME 122
The X2 interface may be the interface between eNBs 104 The X2 interface may
coraprise two parts, the X2-C and X2-U The X2-C may be the control plane
interface between the eMNBs 104, while the X2-U may be the user plane interface
between the eMBs 104

{261 With cellular networks, LP cells 104b voay be typically used to
extend coverage to mdoor areas where outdoor signals do not reach well, or o
add network capacity in argas with dense usage. In particular, it mav be
destrable to enhance the coverage of a wireless corpnhmcation system using
celle of different sizes, macrocells, mucrocells, preocelis, and fentocells, 1o boost
system performance. The cells of different sizes mav operate on the same
fraquency band, or may operate on different frequency bands with each ceil
operating in a diferent frequency band or only cells of ditforent sizes operating
on difforent frequency bands. As used heorain, the term LP oNB refers to any
switable relatively LP eNB for implementing a smaller cell (smaller than a macro
celly such as a femtocell, a picocell, or a mucrocell. Femtocell eNBs may be
pvpreatly provided by a mobie network operator 1o 15 resudendial or enterpnse
customars. A fermtocell may be tvpically the size of g residential patewsay or
smatier and generally connect to a broadband line. The fenvtocell may connect

to the mobile operator’s mobite network and provide exdra coverage in a range of

[
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typically 30 to 54 maters. Thus, a LP eNB 104b nught be a femtocell eNB. In
some ernbodimernts, when the LP eNB 104 15 a Home oNB (HeNB}, a HeNB
Cateway may be provided between the HeNB and the MIME/Service Gateway.
This HelNB (ateway may control mounltiple HelNBs and provide user data and
signal traffic from the HelNBs lowards the MME/Service Gateway. Similarly, a
peocell may be a wireless coromureation svsterm fypieally coverng g small
area, such as in-building {offices, shopping malls. frain stations, etc.), or more
ecently w-atrcraft. A picocell eNB may generally connect through the X2 link
to ancther eNB such as g macro eNB through s base station controller (B3}
functionality and/or conmnect via an 81 inderface (o an MME/Service Gateway.
Thus, LP eNB may be imoplemented with a picoceli elNB since if may be coupled
to a macro eNB 104a vig an X2 interface. Preocelt eNBs or other LP eNBe LP
eNB 104b may mcorporaie some or all funchonality of a wacro ¢NB LP eNB
104a. In some cases, this may be referred to as an access point base station or
enterprise fenmtocell
{06271 In some embodiments, the UE 102 may be g V2X UE that nums
/23X gpplicatons and commumicales via V2X communications. FIG 1B shows
an exampie of a V22X architecture in accordance with some embodiments. YV2X
communications may contain fow types: Vehicle-to-Vehielg (V2V), Vehcle-to-
Infrasiructure { V2D, Vehicle-to-Network (V2PM)} and Vehicle-to-Padesirian
{(ViP}yover a PCS reference point. PCS reference pont may be used for the
comimumication of V22X messages. The V2X applications may conynunicate
with other vehicle-based V22X applications (V2V commumncations), V21
cormmurications may involve commurucations with a Road Side Unut (RSU) and
V2N commmumications may involve comnurucations with an eNB {or E-UTRAN

11} Each UE may be associated with a V22X application 160 disposed at the

UE.
{B028] V2% and V2P transmussion may be based on primarily broadeast

capability between vehicles or between vehicles and vulnerable road users (g g,
pedestrian, oychist), The ransmussions may, for example, provide mformation
about tocation, velocily and divection, which may be used to avoid accidents.
Y21 transrnussion may be provided hetween g vehicle and UE D (RSU) 158,
V2N ransmission may be between a vehicle and a VZX application server 170,

The V2X Application Server may be able to support multiple V2X applications.
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An REU 158 may be wsed 10 exlend the range of a V2X message received froma
velucle (shown in FIG. 18 as UE A) by acting as a forwarding node (s g,
repeater. V2 may mclude conwnunication between vehicles and traffic control
devices, such as in the viciuty of road work, V2K may also include
communication bebween vehicle and the server 170 via the 44G/5G natwork, such
as for traffic operations.

{0025} The conwnunications shown i FIG 1B may ba generaily
bidirectional, e g ., V21 and VZN also mvolve the infrasirocture sending
messages 1o the vehicles, such as UE B 152 The UE 152 may obtam
guthorization o use V22X communicalions over the PCS reference pont on a per
public land mobile network (PLMN) basis in the serving PLMN by a ¥V2X
Control Function 136 in the Home PLMN (HPLMN} through a V3 reference
poutt. The V2X Countrol Funchion 136 may be connected with the HSS 170 over
a V4 interface. The HES 170 may ba connected with the EPC 120, The V2X
Control Function 156 may request asthorization information from a V22X
Control Function of the serving PLMN. The V2¥X Control Function 156 i the
HFLMN may combine awthonization mformation front the horoe and serving
PLMMs, Authonzaiion may be revoked at any paint by etther V2X Control
Function. The V2X Conirol Function 156 may comununicate the combined
authonzation imformation to the UE and/or revocation.

D030 The PCS reference point may be used to provision the UE with
various pigces of information for VZX conwmmications. This mformation may
mcinde the authonzation pohiey, radio parameters and policy/parameters for
V22X coramumestion. The authonzation policy may indicate PLMNS 1 whic
the UE is amthorized 1o perform V2X compnwuucations over the PCS reference
potnt when served by the E-UTRAN 181 and otherwise whether the UE i3
authonized 1o perform VI2X commuonications over the PCS reference point (e,
when notf served by the E-UTRAN 101 The radio parameters may include
those in a particular geographical area to be configured in the UE {o be able
perform VZX commnunications over the PCS reference point when not served by
E-UTRAN. The poliov/parameters may include the mapping of Destnaton
Laver-Z IH3) and the V22X services, e.g. PSHD or ITS-AlDs of the V2X
apphication, as well as the mapping of ProSe per-packet prionity and delay

budget for VIX communication.  Additional information may be provisioned {o

3
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the UE regardimg V2X conmmmuncations over the LTE-Ug reference point
between the UE and the E-LUITRAN,

{00311 As zbove, VX commurnicaiion may oocur over the PC3
reference point. The VZX conununication may support roaming and ivter-
PLMMN operations. V2X communication over PCS reference point may be
supported whether or not the UE 18 served by E-UTRAN. V2X conwnunication
over the PCS reference point may be user-plane commmuucations rather than
control-plane comimumications. Both IP based and non-IP based may be
supported. The LTE-Uu reference point roay also be used for the transimission
and reception of wmcast and broadeast {(MBMS) V2X messages.

10321 Fi{z 2 illustrates components of a commuwmication device in
accordance with some embodiments. The communteation deviee 200 may be a
UE, eMNB or other network component as desenbed herein. The commmcation
device 200 may be a stationary, non-mohile device or may be a mobile device,
in some embodiments, the UE 200 may inchade application circuitry 202,
baseband civcuitry 204, Radio Frequency (RF) cirenitry 206, front-end wmodule
{FEM) cirantry 208 and one or more antermas 210, coupled together at least ag
shown. At least some of the baseband cirowiry 204, RF circwitry 206, and FEM
circuttry 208 mav form a fransceiver. In some embodiments, other nebwork
slements, such as the MME may contan some or all of the components shown i
FIG. 2.

{9033} The application or processing circuitry 202 may ncluds one or
more apphication processors, For example, the application civenitry 202 may
mclude ciromiry such as, but not brated to, one or mare single-core or mull-
core processors, The processor{s) may include any cominnation of general-
purpose processors and dedicated processors {e.g.. graphics procassors,
application processors, ete.} The processors may be coupled with and/or may
molude mermory/storage and may be configured 1o execute instructions siored 1o
the memory/siorage 1o enable varigus applications and/or operating svstems io
run on the evstem.

10634} The haseband civenttty 204 may mclude circuitry such as, but not
finuted to, one or more singlg-core or mukli-core procassors. The haseband
circuitry 204 may incinde one or more baseband processors and/or control fogic

to process bassband signals received from a receive signal path of the RF
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cirenitry 206 and 1o generate baseband signals for a ransmit signal path of the
RF cirawmiry 206, Baseband processing cirourty 204 woay mderface with the
applicasion cuowiry 202 for generation and processing of the baschand signals
and for condrolling operations of the RF circuuiry 206, For exaropie, n some
embodimernis, the baseband circuitry 204 may include 3 second generation {243}
baseband processor 204a. third generation (30} baseband processor 204b, fourth
generation {43} baseband processor 204¢, and/or other baseband processor{s)
2044 for other existing generations, generations in development or {o be
developed in the fulore (e g, ifth generation (3G}, 3G, eic ). The baseband
ciremtry 204 {e g.. one or moore of baseband processors 204a-d} may handle
vartous radin control funciions that enable cornumication with one or more
radio networks via the RF circuitry 206, The radio control fimctions may
wclude, but are not limited to, signal wodulation/demodulation,
encoding/decading. radio frequency shifting, ete. In some embodiments,
madhifation/demodidation circuitry of the baseband circuitry 264 may include
FFT, precoding, and/or constelation mapping/demapping Rnchonality, In some
erpbodirents, encoding/decoding curcmtry of the baseband ciroutiry 204 may
innclude convolution, tai-biting convolution, turbo, Yiterbi, and/or Low Density
Partty {heck (LDPC) encoder/decoder funchionality. Embodiments of
wodulation/demodulation and encoder/decoder functionality are not limited to
these examples and may nchude other suitable Rmctionaliy 1 other
embodiments.

00351 In some embodiments, the baseband civcuitry 204 may include
elemenis of a protocoel stack such as, for evanple, eleroents of an Evolved
UTRAM (FUTRAN) protocol including, for example, physical {(PHY), media
access control MACH, radio hink conirol (RL), packet data convergence
protocol (FDOP), radio resowrce control (RRO) elements, and/or Non-Access
Straturs (NAS) elerpents. A central processing writ {CPU) 204e of the baseband
cirenitry 204 may be configured to nm elements of the protocol stack for
signating of the PHY, MAC, RLC, PDCP and/or RRCO lavers, and/or MAS. In
some arnbodirpents, the baseband circuitry may nclude one or roore audio
digiial signal processor(s) (DEP) 2041 The audio DRP{s) 204f may be include
elements for comypression/decompression and echo cancellation and may include

other suttable processing elements in other embodiments. Components of the
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baseband circuitry may be smtably combined in a single chip, a single chipset, or
disposed on a same circwit board 1 some embodimenis. To some embodiments,
some o7 alt of the constituent coroponents of the baseband circuitry 204 and the
application cucuiry 202 may be iroplemented together such as, for example. on
a sysiem on a chip (8O0

EEIRY In some embodiments, the baseband cirowminy 204 may provide
for comnwmication compatible with one or mwore radio technologies. For
exampig, in some embodinments, the baseband circuitry 204 may support
corpmurncation with an EUTRAN and/or other wiveless metropohian ares
networks {WHMANY, a wireless local area network {WLAN), a wireless personal
area network (WPARNY. Embodiments in which the haseband circutry 204 15
configwrad to support radio comumanications of more than one wireless protocol
may be referred {0 as muit-mode baseband crenitry. In some embodiments, the
device can be configurad 1o operate in accordance with conymumication
standards or other protoeols or standards, including Institute of Electrical and
Electronic Engineers (IEEE) 802 16 wireless technology (WiMax), TEEE 802,11
wirgless tochnology (WiF1) ocluding TEEE 802,11 ad, which operates in the

60 {3Hz nullimeter wave spectrum, various other wireless technologies such as
global system for mobile commurications {G8M), enhanced data rates for GEM
evolution (EDGE), GSM EDGE radio access network (GERAMN), uiversal
mohite telecommumications system {UMTS), UMTS ierresinal radio access
network {LUTRAN), or other 2G5, 343, 44, 5, etc. technologies atther already
developed or to be developed.

10037} RKF ocrrowtry 206 may enable corvmumication with wireless
networks using modulated electromagnetic radiation through a non-sodid
medium. In vanous embodiments, the RF circwiry 206 may imclude swiiches,
filters, amplifiers, ete. 1o facilitate the conmwnunication with the wireless network
RF cirewtry 206 may nclude a receive signal path which may mclude cirenitry
o down-convert BF signals received from the FEM cireoitry 208 and provide
baseband signals o the baseband civcuitry 204, BF cirouitry 206 may also
miclude a transout signal path which may include arcutry 1o up~convert
haseband signals provided by the basehand cirowitry 204 and provids RF ouiput

signals to the FEM circwatry 208 for transmession.

16
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{0638} fr some embodiments, the RE circuiry 206 may include a receive
signal path and a transroit signal path. The receive sigoal path of the RF circuitry
206 may include maxer circuitry 2063, amphifier curowiry 206h and filter
cirewitry 206¢. The transnut signal path of the RY circuitry 206 may includs
filter circuitry 206¢ and mixer circawiry 206a. RF circuitry 206 may also inchude
synthesizer circuttry 2064 for synthesizing a frequency for use by the muxer
cireuiiry 206a of the receive signal path and the transmit signal path. In some
embodiments, the mixar circuitry 206a of the receive signal path may be
configured 1o down-convert RY signals received from the FEM circoitry 208
hased on the synthesized frequency provided by syrdhesizer circuttry 2004, The
aroplifier circuitry 206b ray be configured to amplify the down-converted
signals and the filier ciromiry 206¢ may be a low-pass filter ¢LPF)} or band-pass
filter (BPF} configured 0 remove uowanted signals from the down~converied
signals to generate oufput baseband signals. Uuiput baseband signals may be
provided to the baseband circuitry 204 for further processing. In some
ershodiments, the ouiput baseband signals may be rero-frequency baseband
signals, although this 15 not a requirercerd. In some ombodiments, nexer cireminy
206a of the raceive signal path may comprise passive nuxers, alihough the ecope
of the embodiments is not Bmited in this respect.

R In some embodiments, the wixer circuitry 2064 of the fransoit
signal path may be configured (o up~convert input baseband signals based on the
syrithesized frequency provided by the svnthesizer cirouitry 2064 to gengrate RF
output signals for the FEM circmiry 208, The baseband signals may be provided
by the baseband circuitry 204 and may be filtered by filter circwtry 206¢ The
fiHer circuitry 206¢ may include a low-pass filter (LPF, although the scope of
the embodiments is not hmifed in this respect.

R In some embodiments, the vuxer circuilry 2064 of the receive
signal path and the nwxer circuitry 206a of the fransout sigoal path roay twlnde
two or more mixers and may be arranged for quadrature downconversion and/or
upconversion respectively. In some embodiments, the maxer circuitry 206a of the
receive signal path and the vuver cirantry 206a of the ransout signal path may
innclude two or more nuxers and may be arranged for image rejeciion (.9,
Hartley image rejection). In some embodiments, the mixer circuiry 206a of the

recetve signal path and the mixer arowtryy 206a may be arvanged for divect
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downconyersion and/or divect gpconversion, respectively. In some embodiments,
the mixer cirouiry 2063 of the receive sigoal path and the wixer ciroutry 206a
of the wansyoit signal path may be configured for supar-beterodyne operation.
0641 In some embodiments, the cuiput baseband signals and the input
baseband signals may be analog baseband signals, although the scope of the
embodiments 1 not Bmited in s respect. In some alternaie embodiments, the
output baseband signals and the input baseband signals may be digital baseband
signals. In these alternaie embodiments, the RF circmiry 206 may inclode
analog-to-digital converter (ADC) and digital-ic-analog converter (DAL
ciremtry and the baseband circuttry 204 may nclude a digital baseband mierface
to comnurucate with the REF cireuitry 206,

21 In some duab-mode embodiments, a separate radio IC cireuitry
may be provided for processing signals for each spectram, although the scope of
the emboduments 15 not linuted in this respect.

{00643} fn some embodiments, the synthesizer circuiry 206d may be a
fractional-N svuothesizer or a fracthional N/N+1 synthesizer, although the scope of
the embodiments 1s not Hrotted i this respect as other types of frequency
syothesizers may be suitable For example, synthesizer circuiiry 206d may be a
defta-sigma svathesizer, a frequency mubtiplier, or a synthesizer comprising a
phase-tocked loop with a frequency divider,

{344} The syrthesizer circwitty 206d may be configured fo syrthesize
an output frequency for use by the mixer circuitry 206a of the RF circutry 206
based on a frequency wnput and a divider control input. In some embodiments,
the synthesizer cirouiry 2064 may be g fracuonal N/N+1 synthesizer

045 In some embodiments, frequency input may be provided v a
voltage controlled oaciliator {V3), although that is not a requirement. [hvider
control npul may be provided by either the baseband circuitry 204 or the
apphications processor 202 depending on the destred output frequency . In some
embodiments, a divider control mpuit (.., MY may be determined from a look-
up table based on a channel indicated by the apphications processor 202,

{0046} Svuthesizer cireuitry 206d of the RF circuitry 206 may mclude a
divider, a delay-locked loop {DLL Y, a nwiltiplever and a phase accumulator. In
some embodimenis, the divider may be a dual modulus divider {DME) and the

phase accumuolaior may be a digital phase accwmdator (I3PA}Y In some
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embodiments, the BMD mav be configured to divide the input signal by sither N
oy N+1 {e.g, baced on a carry out) to provide a fractional division ratio. In some
exampie embodiments, the DLL roay include g set of cascaded, tunable, delay
elements, & phase detector, a charge pump and a D-ivpe flip-flop. In these
embodiments, the delay elements may be configured 1o break a VO period up
o Md equal packets of phase, where Nd 18 the number of delay clements 1o the
defay lina. In this way, the DLL provides negative feedback to help ensure that
the total delay through the delay ling is one VD oyvele.

{0047} In some embodiments, svothesizer cireuitry 206d may be
configurad 1o generate a carner frequency as the ouviput frequency. while in other
ernbodiments, the output frequency may be a mukiiple of the carrer frequency
{2.g., twige the carrigr frequency, four tirmes the carrier frequency and used in
conjunciion with guadrature genervator and divider cirenitry to generade mudiiple
signals at the carrier frequency with multiple different phases with respect to
each other. In some embodiments, the outpuyd frequency may be a8 LG frequency
{fro). Tn some embodiments, the RF cuaniry 206 way mclude an 1Q/polar
COTVErier

048] FEM oircuitry 208 may inclhude a receive signal path which may
mchude circuitry configored 1o operate on RE signals received from ong or more
antennas 210, amphfy the recerved eignals and provide the araplified versions of
the received signals to the KF ciromitry 206 for further processing. FEM arcumtry
208 may also nchude a transmit signal path which may include circutiry
configured to amplify signals for fransmission provided by the BF civeuitry 206
for ransmassion by one or more of the one or more antennas 210,

IS In some embodiments, the FEM circuitry Z0% may iclude a
TH/RX switch to switch between transmit mode and recetve mods operation.
The FEM cucuiry may nchude avecetve signal path and a transvoit signal path
The recerve sigoal path of the FEM circuitry roay nclude a low-noise amphiier
{LNA) to amplify received RF signals and provide the amplified received RF
signals as an output (e 2., 1o the RF cirautry 206} The transmit signal path of
ihe FEM circwiry 208 may meiude a power amplifier (PA) o ampltly niput RF
signals {g g.. provided by RF circuttry 206}, and one or more filters io generate
RF signals for subsequent transmiasion (e.g.. by one or more of the one or mors

bl
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{0056} fr some embodiments, the commuication device 200 may
mclnde addibional elements such as, for example, memoryv/storage, display,
camera, sensor, and/or mput/ouiput (V0 interface as desconbed in more detaid
betow. In some embodiments, the conununication device 200 described heremn
may be part of a porlable wireless commmumication device, such ag a personal
digital assisiant (FDA), alaptop or portable compter with wireless
conwnunication capability, a web tablet, a wireless telephone, a smartphone. a
wireless headset, a pager, an instant messaging device, a digital camera, an
access pond, a felevision, awedical device (e.g., 4 heart rate wmonitor, a blood
pressure monor, et ), or other device that may receive and/or transnai
iformaiion wirelessly, In some embodiments, the comamunication device 200
may include one or more user mterfaces designed to enable user interaction with
the svetem and/or peripheral component werfaces designed (o enable penpheral
comyponent inderaction with the svsitem. For example, the commumication device
200 mav mclude ong or move of a kevboard, a kevpad, a touchpad, a display, a
sensor, g non-volatile memory port, a umversal serial bos (USH} port, an audio
iack, a power supply interface, one or more anlennas, a graphics processor, an
apphication processor, a speaker, a mucrophone, and other /O components. The
display may be an LOD or LED sereen inchiding a touch screen. The sensor
gy include a gyroe sensor, an acceleromeier, g proximily sensor, an ambient
hight sensor, and a posifioniog uret. The posifioning unit may conwounicate with
comyponents of a posifioning network, 2.2, a global positicaung systerm {(GPS)
satelliie.

{081 The antervias 210 may coraprise one or more ditectional or
ommdirectional antennas, including, for example, dipole antennas, manopole
antennas, patch anfennas, foop andennas, nuorosiriy antennas or other tvpes of
antennas switable for fransnuesion of RF signals. In some madiipleanpuot
ruitiple-ouput (MIMO} embodiments, the antersas 210 may he effoctively
separated to take advaniage of spatial diversity and the different channel
charactenistics that may result.

{087 Although the comwmunicanon device 200 18 dlustrated as baving
sevearal separate functional elements, ong or more of the Dnctional elements may
be combined and may be tmplemented by combinations of software-configured

elements, such as processing elements mcloding digital signal processors
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{D8Ps), and/or other hardware slements. For example, some elemanis may
COMDIERE One oF more moroprocessors, DRPs, field-programmable gate arravs
(FPGASY, application specific miegrated circuuts {ASICs), radio-frequency
rviegrated civcuits (RFICs) and combinations of various hardware and logic
circuitry for performung at least the functions described herein. In some
embodiments, the functional elements way refer 1o one or more processes
operating on one of More procassing elements.

{00583} Himbodiments may be implemented i one or a combination of
hardware, fivmware and software. Embodiments may also be implewented as
mstructions siored on a compuler-readable storage device, which may be read
and axecuted by af least one processor 1o perform the operations descnibed
harein. A compter-readable siorage device may inchude any non-transitory
mechanism for storing mformation in a form readable by a machine {eg., a
comyter}). For example, a computer-readable storage device may inchide read-
only memory {ROM), random-access memory {(RAM), magnetic disk storage
media, oplical storage medig, flash~-memory devices, and other storage devices
and media. Some embodiments may include one or roore processors and may be
configurad with instructions siored on g computer-readable storage device,
0841 Fi{3 3 ig g block diagram of a comwamication device in
accordance with some embodiments, The device may be a UE, for example,
such as the UE shown in FYG. 1 The physical layer cucuiry 302 may parform
varioug encoding and decoding functions that may mclude formation of
baseband signals for transmassion and decoding of recetved siguals. The
corpmnrncation device 300 may also mnchude roedium access contrad laver
{(MACY circurtry 304 for controdling access to the wireless medium. The
communication device 300 may also include procassing cirgutry 306, such as
one o more single-core or multi-core processoers, and memory 308 arranged to
perform the operations described herein. The physical layver cirauiry 302, MAC
cirepitry 304 and processing circuitry 306 may handle various radio control
functions that enable commmunication with oue or mmore radio networks
coropatible with one or more radio technologies. The radwe control functions
may nclude signal modulation, encoding, decoding, radio frequency shifting,
gic. For example, simifar io the device shown in FIG. 2, in some embodiments,

comuunication may be enabled with one or more of 3 WMAN, a WLAN, and &
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WPRAN. In soms embodiments, the conwmmication device 300 can be
configured to operate 1n accordance with 3GPP standards or other protocols or
standards, including Widax, WiFy, Wilig, GSM, EDGE, GERAN, UMTS,
UTRAM, or other 3G, 3G, 4G, 53, eic. technologies etther already developad or
to be developed. The conmummication device 300 may wclude transceiver
circutiry 3172 to enable communication with other external devices wirelessly
and mterfaces 314 to enable wired communication with other extemal devices,
As another example, the transeetver circuitry 312 may perform various
transroission and recephion funchions such as conversion of signals between g
haseband range and 3 Radio Frequeney (RF) range.

S ‘The antennas 301 may comprise one or more directional or
omnidirectional antennas, inchuding, for example, dipole antennas, monopole
antennas, patch anfennas, Toop anlennas, nucrosirip antennas or ofher tvpes of
antennas switable for transmussion of R¥ signals. In some MIMO embodimenis,
the antennas 301 may be effectively separated 1o take advaniage of spatial
diversity and the different channel characteristics that vwoay result.

{0086 Although the comwmunicanon device 300 18 Hlustrated as baving
several separate functional elements, ong or more of the fnctional elements may
be combined and may be tmplemented by combinations of software-configured
slements, such as processing elements including DSPe, and/or other hardwase
elements, For exarople. soroe elements may Comprise one of more
microprocessors, BSPs, FPGAs, ASIH s, RFICs and comiunations of various
hardware and logic cirautry for performing af least the functions descrnibed
herein. In some ombodiments, the functional elements may refer 10 one or more
Processes operaling on ong of more processing elements. Embodiments may be
tmnpiemenied in ong or g combination of hardware, firmware and software,
Embodiments roay also be unplersented as jostruchions stored ou a cormputer-
readable siorage device, which may be read and executed by at least one
processor 1o perforn the operations described herein.

{00571 FIG. 4 illustrates another block diagram of 8 communication
device i accordance with some embodiments In altermnaive enmbodiments, the
cornmuuucation device 400 may operate as a standalone device or may be
connected {e.g ., networked) to other communication devices. In anetworked

deplovisent, the cormumication device 400 may operate n the capacity of a
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server conmmunicalion device, a chient conwmmicaiion device, or both n server-
client network environments. In an esample, the commumication device 400
may act 88 a poer coromurucation device in paer-io-peer (P2F) {or other
distribuied ) network environment. The compmuucation device 400 may be a
UE, eNB, PC, atablet PC, a 8T8, a PDA, a mobile telephone, a smart phong, a
web appliance, a network router, swiich or bridge, or any comwmunication device
capable of exgcuting nstructions {sequential or otherwise} that specify actions 1o
be taken by that conumumication device. Fusther, while only a single
commurncation device is Ylustrated, the term “commmunication devige” shall also
he taken to include ary collection of coromumucation devices that mdividually or
tomntly execute a set {or multiple seis) of mstructions o perforr any one o Bore
of the methodologies discussed herein, such as cloud computing, software as a
service {(8aa8). other computer cluster configurations,

{D058] Fxamples, ag described herein, may include, or may operate on,
fogic or a mumber of components, modules, or mechanisms. Modules are
tangible entities {e 2., hardware) capable of performing specitied operations and
may be configured or arvangad v a certain roammer. o an example, crowmts yoay
be arranged {e.g., memally or with respect to eviemnal entities such as other
circuits} in a specified manner as a module. In an example, the whole or part of
one o more compiter systems (e.g., a standalone, client or server compniter
sysiern} of one of more bardware processors may be contigured by Grroware or
sofiware {e.g., msiructions, an application portion, or an apphication) as g
moditle that operates to perform speaified operations. To an example, the
software may reside ona comanunication device readable medium. Inan
exampie, the enfiware, when executed by the underiving hardware of the
module, causes the hardware 1o perform the specified operations.

DS Accordingly, the term “module” 15 understood to encompass a
tangibie entily, be that an entity that 1 physically construcied, specifically
configured {e.o., hardwired}, or temporarily {e.g., transitorilyy configured {e.g.,
programuved) to operate in a specified manner or fo perform part or all of any
operation described heren, Considening examples in which roodules are
temporandy configurad, each of the modules need not be mstantiated af any one
moment in time. For example, where the modules comprise a general-purpose

hardware processor configured using sofiware, the general-purpose hardware
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processor may be configured as respective different modiudes at different fimss.
Software may accordingly configure a hardware progessor, for example, o
constiiute a partcular module at one instance of troe and o consiitine a difterent
module af a differant instance of ime.

S Communication device {e.g., computer system) 400 may inchade
a bardware processor 402 {e.g, a central processing unit ({CPUY, a graphics
processing unit (GPL, a bardware processor core, of any combination thereod),
a main memory 404 and a static memory 406, some or all of which mayv
cormmurncate with each other via an inferlink {e.g., busy 408, The
cormmurncation device 400 may further melude a display unit 410, an
alphanumeric mput device 412 (e g, a kevboard), and a user interface (Ul
navigalion device 414 {e.g., amousel. In an example, the display wmit 416, inme
device 412 and Ul navigation device 414 roay be a touch screen display. The
comimumication device 400 may addiionally include a storage device {g.g., drive

unit} 416, a signal gensration device 418 (g, a speaber), a network nderfacs

device 420, and one or more sencors 421, such as a global posiioning systern
{GPS) sensor, compass, accelerometer, or other sensor. The commuication
davice 400 may include an output conirolier 428, such as a serial {22, univearsal

g infrared (IR), near

bl

serigl bus (USBY, paraliel, or other wired or wireless e
freld compmmcation (NFC), efe ) conpection (o communicate or control one or
mwore pertpheral devices {e.g., a printer, card reader, ete. ).

10061} The storage device 416 may nclude a conununication device
readable wmedium 422 oo which ¢ stored one or more sets of data siructures or
mmstrucuions 424 {e.g , software} embodying or utihized by ary one or more of the
techriques or fimnctions described berain. The instructions 424 may also reside,
completaly or at least partially, within the main memory 404, within siatic
memory 406, or within the hardware processor 402 during execution thereot by
the commuycation device 400, In an example, one or auy combination of the
hardware processor 402, the main memory 404, the static memory 406, or the
storage device 416 may constitute comynunication device readable media,

D062} While the communication device readable medium 427 35
tiustrated as a single medivm, the ferm "comynunication device readable

medium” may include a single medihum or mudtiple media (e 2., 8 centralized or
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distributed database, and/or associated caches and servers) configured (o store
the one or more tnstructions 424,

{D063] The term “communication device readable medium” mav mclude
ary miediwm that is capable of storing, encoding, or carrving nstructions for
gxecyution by the communication device 400 and thal cause the commumication
device 400 1o perform any one or more of the techrigques of the present
disclosure, or that is capable of storing, encoding or carrving data stractures used
by or associated with such instructions. Non-limiting commication devics
readable medium examples may mclude solid-state memonies, and ophcal and
magnetic media. Specific examples of communication device readable media
may 1nclude: non-volatile memory, such as senuconductor memory devices
{z.z., Electrically Programmable Read-Onlv Memory (EPROM), Elecirieally
Erasable Programwnable Read-Only Mewnory (EEPROM)) and flash wmemory
devices; magnetc disks, such as infernal hard disks and removable disks;
magneto-optical disks, Random Access Memory (RAM), and CL-ROM and
DVIR-ROM disks. In some exaroples, comunication device readable media
may nclude non-transitory communication device readable roedia. In some
exampies. compuuucaion device readable maedia may inchude conununication
device readable media that i3 not a transitory propagating signal,

j6d] The mstroctions 424 may further be fransotted or received over
a comymumicaions network 426 using a transrssion medium via the nepwork
mierface device 420 ufilizing any one of a number of fransfer protocols (e g..
frame relay, mtemet projocol (TP, transmassion conirol protocol (TCP), user
datagram protocol (UDPY, hypertext transler protocol (HTTP), ete). Example
communication networks may include a local area network {LAN), a wide arsa
network {WAN), a packst data network {e g the Iniernet), mobile ielephons
networks (e g, celhddar networke}, Plain Old Telephone (POTS) natworks, and
wireless data networks {e.g., IEEE 80211 family of standards known as WiFiR,
IEEE 0216 family of standards known as WiMax®), IEEE 802.15 .4 famly of

standards, a LTE famely of standards,

a UMTS family of standards, peer-io-peer
(P28 networks, among others. In an example, the network iterface device 420
may include one or more physical jacks (g.g., Fithemet, coaxial, or phone jacks)
oF one of more anfennas {0 connect to the communications network 426, Inan

example, the network interface device 420 may wnclude a plorality of antennas o
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wirelessly communicate using at least one of single-input mudtiple-output
(SO, MIMO, or roultiple-imput single-output (MISO) techniques. In sore
exampies. the network mierface device 420 may wirelessly conmmumicaie using
Multipie User MIMO techniques. The ferm “transnussion medium” shall be
taken o inchude any infangible medivm that is capable of storing, encoding or
carrying instructions for execution by the communication device 400, and
meiudes digital or analog conumunications signals or other intangible medium to
facilitate conununication of such software.

10065} Az described above, vehicle UEs may engage m V2X
corpmurncations. VIX communications may be part of the next generasion
networks that are to be designed o take into account the massive influx of fow-
data, high-delay and low power transnussions. Like other types of
comwuunications, there way be nwmltiple adio access technologies (RAT)
available for conununications by V2X UEs VZX UHs may be equipped with a
rangs of mudiiple access technologies for VZX convmmications, such as DERC
{direct Prose comrnunicaiion between VZX UEsy LTE, and 3G {(also called new
radio (NR}} (network-mediated communication between VIX UEs), among
others, The issues with interoperability may be exacerbated by the fact that a
Y2X UE may be squipped with the modules that permit some or all of the RATs
1o be used, which may be dependent on the choice of operator. Thus, for some
RATs, not all of the V2X UFs may be able communicate.

{0066} LTE may target the same use cases and key performancs
indicators (BPIs) as DSROC, and 3G may target even lower lalencies and can
COVET even moTe use cases, Examples of the pararoeters used for the K¥Pis, such
as latency, are described below. The latency, for example, may vary depending
on the apphications supported by a given VZX UE In one example, platooning
applications are able {o be provided through 5G commumications bt oot LTE
conwpunications due o latency requirements of such apphications, which may be
tess than 3 ms. Some embodimenis disclosed herain provide the mapping of
applications with similar requirements (latency and others such as data vate) inio
a V22X application category that can be associated with g preferred RAT. For
iteroperablity purposes, the mapping may be operator-independent within a
pradetermuined area. Hlse of such a mapping may enable the V2X UE (¢ manage

and sopport applications based on the radio access coverage available in the
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civen atea. For example, 3 VZX UE can support safety applications with a first
latency on a LTE RAT and safety applicatons with a second latency that 15 less
than that of the first Jatency on a 5G RAT. This roav also be extended to support
RAT chaoice for non-safeiv applications.

{67 Yarious embodiments disclosed heretn may provide different use
cases for different BPIs. Not all use cases way be supported by LTE or DSRO
Depending on the use case, different technology may be used to avoid vehicular
or commmunication collision. A set of use cases conlaining one of MOYE 19 CASEs
may be supported by a particular application. The particular application yoay be
identified by an appheation identifier { AppiD)in LVE commurgcstions ot a
provider service dentifier (PSID} in V2X communications. In various
embodiments, the applications may be mappad into application categories and
the network may configure the UE to roap each appheation category into the
prefarred technoingies. A mapping table may be used to support RAT selection
based on an Applbr or PRID. The mapping table may be derived based on what
the UE may decide to choose to carry out the data transmigsion on for a given
applicasion on a spectfic RAT. In soree ervbodiments, the roapping table s used
not for load balancing among the RATs {load-independent), but for
miteroperatibity ) the mapping table 1o some embodiments thus provides
miteroperabibity among the VIX UEs without regard to {(free from} load
balancing among the RATs,

{D068] FI1G. 5 sllustrates @ mapping i accordance with some
erphodirnents. The mapping shown in FIG 5 way be stored m g memory of the
eiNE or gNB and provided to the V2X UE, where the mapping mav be stored in
a tocal memory. In some emboduments, the mapping mway be of VZX
applicationiDd (P3ID or AppiD, as agreed by the operatorsy to RAT. As shown
w FIG. 5, groups of applications each having an appheationiD {e.g
Apphicationtal .. AppheastiondDan), may be mapped to differerd categotnies,
each with a VZX category identifier {e.g., category ID1). Each group may
represent a set of V2X appheations with sinular requirernents, such as maxuyann
fatency. Fach category {category 1 category 13 n) may be associated with
a particular RAT that can tulfill the requiremsnts for the given category. The

different RATs may be LTE, 34 or DSRC, fur example.
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{00669} in some embodiments, the category requirement may be fulfillad
by multiple RATs. In this case, an additional RAT priosity voay be assigned 1o
each of the RATs that are able 1o [ulfill the category requreoment. In the absence
of a high prionity RAT coverage assigned 1o an V2X application, the next {lower
priority} RAT may be chosen for data transmission.

{38744 Addimonally, certain V23X applicatons may use parallel reception
or muulii-RAT transnussion. In thus case, if the RATs are available, a carnar
Ageregation {CA)Y mechanism may be used to simultanesusly transmit/receive
V23X data from different RATs. CA mechanisms way be available 1o some of
the RATs such as EYE-3G CA or LTE-DSRC CAL The CA moechanism may be
used in cases such as when a nwilti-mode V2X UE 13 unable 1o switch RATs,
2.z., due to on-going activity in the current RAT. CA mav be used for
transmmssion o different RSUs, for example.

{0671} FIGK, oA and 68 illustrate Radio Access Technology (RAT)
selection via a management object (MO} in accordance with some embodiments.
The MO may be part of the open mobile alhance (OMA}-device management
(W) and 10 geoergl describe management nformoation abowt an apphication or
davice parameter and be iocated in 2 management tree. The MO may be
prasented, as shown, in a hierarchical formad, stmilar to a file systermn. In thig
cottexi, MOs generally refer 1o the software constrocts or data structures {s.g., in
object-orienied programaning settings). The OMA MO may be a newly designed
managenent object that is primarily intended for RAT selection purposes or may
be a modified version of an existing management object. As shown in FIG. 64,
the MO that defines the V2X rules may nclude a set of parameters (ndicated by
MO node <) of a Provider Service 11 {3 leaf node) and technology of choice.
As shown in FIG. 64, the Provider Service 1D has an additional leal node (value
PRIDTy instantiated for selechion of the technology. FIG. 68 shows a detailed
description of the MO that defines, as mdicated 1o FIG 5, anoapphication,
category 1D and RAT 1D The application leal node has an application]D leafl
node mstantiated. Note that FIGS. 64 and 6B Hlustrate the tree struchure of the
MO code for the roappng table stored i the memory.

10672 Each UK that supports VZX services may support a mapping
table. The UE mayv acquire the mapping table to enable RAT choice for V2X

apphications i oo of more ways: by OMA-DM or by wutial asthonzation. FIG.
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7 dlustrates a system that uses the V2X rule accordance with some
erphodiments. The sysiem 700 may contain a connection manager 702 that may
receive a roguest for a connection from one or more of & plurality of applications
704, The connection managsr 702 may determine hased on the VZX Rule MO
706 and the available RATs, which RAT mav be suitable to provide the service.
The connechon manager 702 wayv then, after deternuning the approprate RAT,
provida conmectivity through the approprigte RAT PS module 708 or network
materface.

{0673} The V2X UE may choose o fransimt data or control signals fora
given apphication over the approprnate RAT based vpon the mapping mformation
configwrad in the V2X UE, When a new application 15 registered with a V21X
UE, the connaction manager 702 mav group the new application into a V2X
category as deseribed in the VEX RAT Rade MO 706,

{9974} F1G. 8 illustrates mapping information commmyucated during
service avthorization iy accordance with some embodimenis. The VZX UE 81¢
and the RAN (eNB, gNB) that contains the V2X function 820 may be shown in
FIGS. 1-4. Mote that although descrtbed throughout as the VX funchion being
i1 the RAN, in other embodiments, the V2X function may be provided in the
core network (whether EP{ or 5G CN. Tor example, in the MME. Fi{y 13A
thistrates a Jowchart of VIX anthentication i aceordance with some
embodiments and iHustrating the operations invoived m FIG. 8. Throughout

FiG 134, the first verh {e. g, identify n operation 1302) relates {0 operations by

the RAN and the second verb {e. 2., cause to identify 1n operation 1302) relates to
operanons by the UE. V2X rules stored in the RAN may provide an opergior-
independent mapping between various V2X applications and preferrad RAT.
75 The VIX UE 310 may attach to the RAN clement conlaining the
VIX function 820 The attach procedure may wnclude, for example, registration
and authentication mitisted by transmassion of an attach request fronuthe VIX
UE 810 1o the BAN 420, As part of the attach procedire, the V2X UE 810 may
transroit & V22X UE service authorization request 802 to the RAN element 820,
At operation 1302, the VZX UE service authorization request 807 s wlendified
by the RAM 820, in some emboduments, the service authorization request 802

may include a Hst of RATS supported by the V2X UE 81
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19076} i response, at operation 1304 the VIX funcion 820 in the RAN
&20 may ventdy the V2X service authorization request 802 from the V2X UE
810, The venfication roay be based on the subscription tnforreation stored 1 the
home subscriber server {HSS) in the home network of the V2X UE 810 Ifthe
service avthorization reguest 302 15 not vernified, the RAN 820 may terminate the
process and may or moay not addiionally respond with a negative response.
D077 Unce the HSS verifies the UFE subscription data and features
supporied, the V2X function 320 may at operation 1308 generate a V22X service
suthorization response 304, The V2X service avthonzation response 804 may
have a status set t0 "V 2X service authorized” 1o the V2X UE 810,

1078 The V22X service authorization response 804 mav alse includs the
Y2X category 1D -2 RAT 1D mapping table. [f the V2X UE 810 included the
tist of RATs supporied 1o the authonzation request 802, then the VIX funchon
%20 may limit the mformation in the V2X category D2 RAT 1D mapping table
gt operation 1306 o only the RATs supported by the UE, as indicated by the
suthorization request message 802,

{D079] Af opergtion 1310, the RAN roay transroit the VZX service
authorization response 804 to the VZX UE 810, The VZ2X UE 810 may thus
recetve the mapping information from the network during the V2X service
authorization procedure. Both the complets mapping table and the modified
mapping table G the V2X UE provides the hist of RATs).

{0680} In some embodiments, the V2X UE 810 may have an irutial V23X
category 1D - RAT ID mapping table stored in wmermory prios (o connection fo
the RAN 820, The il VX category 1D =% RAT 1D mapping table, which
may be the complete mapping table above, may be used as a default mapping
table if ong is not supplied m the authorization response 804, In some
egmbodiments, the V2X category T - RAT 113 mapping table may be receive
only during authorization response 8034, However, the V2X category 13 = RAT
iD mapping table 1s obtained, the V23X UE €10 may subseguently choose to
transoil g message for a grven application over the RAT based upon the
mapping information mamiained by the V2X UE 810, As above, the mapping
may be operator-independent within a pradetermined area; that 1s, all operators

{such as Verizon™ and AT&T™) may agree {0 use the same mapping so that
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each V2X UE 810 is able to communicate with gach other V2X UE 31 using
the sarme mapping.

10081} This is unlike typical conmnunications between a UE and eNB or
UE to UE (820 communications, in which each operator to which a particular
UE subscribes is able to establish a umgue mnplementation of commumication
services {within the 3GPP epecification), the mapping of applications (o RAT
may be local and operator-ndependert 1o establish interoperability between all
Y2X UEs. The gesgraphic area of the mapping, likewiss, may be agreed upon
between the operators. In general, the mapping may essentially be of any size,
although practically the mapping may be mstantiated over a larger scale. such as
country-wide, 10 aveid frequent fransiiions batwesn mappings and reduce the
control area. In various embodiments, the geographic area may be defined in
termas of coverage of network equipment, such as rouifiple eNBs or one or more
tracking areas of a particular operator, or as operaiors may have different
coverage areas, the smallest coverage area of each network operator in that arsa.
{00682} In some embodiments, different commmications may be nsed
when the barder between difterent mappings 18 reached. In particular, within a
pradefined range of the border, conununications hetween ¥V 2X UEs may be
transmiited on multiple RATs. In various embodiments, conumnunications may
be ransmutted oo cach RAT, or all RATs on whach a VEX UE 1 capable of
transnassion. in some erobodiveerds, only the coromurucations of certain
applications may be affected by the border. Various seis of application may be
iroplemented that voay be geographically-independent; that is the applications
may roap o the same RAT mdependent of area, with the geographically-
independent applications being af least a subset of the application category that
miaps to that RAT. Examples of this may be applications that are determined to
be part of a basic service, such as collision control and location-based
determination or map downdoads, which may abways be connounicated using
LTE communications. Buch applications may not be subject to the border
transition adjustment and continme 1o only be ransmitted using LTE
corpmnrncations. Stoularly, applications such as platooning, which mav be
biomited to SG commumications onky, may not be subject to the border transition
adpostment. Gther applications, such as cruse control, which may be 30-hased

to satisfy anoo-limiting KPL may communicate over multiple systems w this
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grea. This permits communications between V2X UEs {o continge until out of
the border region. In some embodiments, the border region may be defined as
several hundred yards 1o several miles.
083 Fiz ¢ illustrates a RAT transition in 2 V2ZX system in accordance
with some embodimenis.  The aysiem 900 may contain one or more ¥2X UEs
942 1o comynncation with the network through a 3GPP RAN 910 and porhaps
with one or more of the other V2X UEs %02 through D21 conwnunication,
whether or not network assisted. Although not showr, the V2X UEs may also
corpmuricate with one or wore road side unuts {RSU), which may be disposed
iralfic signs or signals, lampposts, or other permanent fixtures within shori-range
corpmuuication (2.3, several vards} of the road, and may conuvunicate with the
network. As shown, some of the VZX UEs 202 may be platooning YV2X Uls
926, i which the V22X UEs 902 move together with manimal change i the
separation between the ¥V 2X Uls 902, while others of the VZX UEs 902 may be
basic service V2X UEs 230 that receive basic service from the RAN 910, The
platooning V2X UEs 920 way compuncate amongst themselves in V2D
cormmurncations. Thus, data of a particular application category may be
cornmuuucated among the platooning V2X UEs 920 using the same RAT, which
as indicaled in FIG. O are 3G communications. The plaloon-related messages
may be transroitted by the V2X Uls using 5G technology, as the latency
squirements are very low and only supported in 3G
{0084} in the embodiment shown in FIG. 9, both 535G and LTE services
are avaiiable from the RAN 810, but the V2X UEs 902 may select the 50 systam
for transmmssion of data of the particular apphication as indicated by the V2X
category HD -2 RAT 1D mapping table. The RAN 910 may be provided with an
mdication of which V2X UEs 902 are basic servies V22X UEs 930 and which
V22X UEs 902 are plaloovang V2X UEs 920, This information may be provided
by g coordinating V2X UE 202 of the platooning VZX UEs 920 or rogy he
platooning V2X UEs 920, distance frow other platooning V2X UEs 920 and
parhiaps other informanon, such as applications joindly operational on the
platoorung V22X UEs 920,
[8E] The V2X UEs 920 mav periodically (or apertodically in some

cases) report measurernents, such as channel siate mformation (ST}, based
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reference signals (RS}, such as C5I-R5. The RAN 1020 may use the repori {o
determune, for example, whether handover to a different RAN 1010 15 1o occur,
in sorge sttuations, the RAN 910 roay decude that data from the particular
application is not free 1o use any type of network and 1s instead constrained io
LTE subcamriers. There may be a nomber of reasons for this determination, for
example, congestion n the network 1o the 3G frequencies used by the RAN 910,
in some embadiments, the RAN 910 may detarmine that the basic service VZX
UHg 930 are to communicaie specific application data that previously used 3G
subcarriers on LTE subcarriers, and send ingtruchions 1o the basic service ¥V2X
UEs 930 10 switch data for the speaific application {or application category in
the V2X category ID - RAT ID mapping table) to using the LTE subcarriers.
The RAN 210 mav determine that other application category data of the basic
service VIX UEs 930 may continue 1o use 30 subcarriers, and thus the
mstructions (o the basie service VZX UEs 930 may be lirnited o one or more
application categories. Simularly, the RAN 910 may recognize that the
platooning V2X UEs 920 may not be able to switeh to LTE subcarriers — for
example, due fo ane or more members of the platoomng VIX UEs 920 being
unable to communicate using the LTE subcarriers. Thus, the instructions may be
directed only 1o the basic service V2ZX UEs 930, The wstructions may be
transmaited, for example, i a svstem information broadeast, phvsical downlink
control channel (FDCCH) or paging message addressed to particular VIX UEs
902 {e.g.. using a particular DT and/or RNTT}

{06861 FIG. 10 illusirates another RAT transition in a VZX system in
accordance with some embodiments.  The svstem 1000 is similar o that shown
in FIG 9, except that only platooning V2X UEs 1002 are shown., The
platooning V2X UEs 1002 may all travel with about the same velocity - in the
same divechon at about the same speed. As shown, the platooning VIX ks
1002 are vunially i the 5G coverage area 1020 provided by the RAN, Dataof
an application category of the platconimg VZX UHs HH2 may be communicated
using the SG subcarrers as all of the platooning V22X Uls 1002 are i the 3G
coverage ares 1020, Each of the platooning V2X UEs 1002 may also
pariodically fransnut a measurement report 10 the RAN based on reference
signals from the RAN. The serving eNB of the RAN mav use the measurement

report io determine whether bandover to another eNB of the RAN 13 appropriaie.
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{0687} As shown in FIG. 10, the 3G RAN 1020 may determine that
handover from the 5G RAN 1024 {0 another RAN 18 appropriate for one or more
of the platoomng V2X UEs 1002, The new RAN may be an LTE RAMN 1010,
which may not be able o support platconing due to the LTE latency
requirements. Thus, because the platooning V2X UEs 1002 mav conummtcate
the data of the application category 1o SG D20 communications, the platoomng
V22X UEs 1602 that are 1o undergo handover to the LTE RAN 1010 may no
fonger be able to commumnicate the application category n 3G D2D
corpmrcations. In this case, the 3G RAN 1020 may fransout a wessage o the
platomrung V2X UEs 1002 that the 5G subcarriers are no longer available to
communicate data of the apphication category. This message may be sent io all
of the platooning V2X UEs 1002 or fimuted to only the plalooning V2X UEs
1002 that are to ondergo handover. The message may be transmatted prior {o
handovar being performed. Each platooning V23X UE 1002 that has received the
message may display an mdication on a display within the platooning VZX UE
1002 warning that platooning may ot be available. The platooning VIX Ul
1002 that exit the 3G coverage area 1020 mav swiich to basic service. The V2V
miessages 1o suppat & platooning apphication mav be exchanged in the LTE call
10248 using 36 “out of coverage™ procedores. In some embodiments, all
Vehcle-to-Tnfrasirciore (V21 (to a RSUS and Vehicle-to-Metwork {V2N)
roessages (1o an eNB) may be sent via LTE,

{0088} if a V22X UE 1s rmwung an application that expects a (05 not
supported by the techuology provided by the current cell, the V2X UE may use
ot of service procedures for the given technology that supporis the expecied
oS, even though 3GPP coverage is provided in the cell by a different
technology. In this case, the UE may use different technologies o transfer dala
from the same application as a function of the tvpe of message. In one example,
VIV messages may be used 1o 3G and VZEN messages may be used m LTE.
{0089} Although not show, another area may exist: that where no RAN
(E-UTRAN or SG} coverage is avarlable. In this case, only direct V2V
cormmurncation {also called direct Prose communication) may be possible. V2V
corpmuuucation may be LTE or 5G-based, each of which may have different
protocols. Backwards compatibibity mav be desirable for 5G-based V2V

compunication o pernut drect commnunicaton with older LTE-only V2X UL,
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[009G] FiG. 11 dlusirates a message sequence chart (MSCh diagramof a
muti-RAT sysiem wn accordance with some emboduvents. FIG. 138 Hiostrates
a HBowcehart of V2X appheation RAT determunation in accordance with some
ermbodiments and tlustrating the operations mvolved in FIG 11 {and FIG. 12)
from both the UE and eNB side.

LR Y As above, the network may geverate V2X rules as 2 mapping
table at operation 1322 prior to receiving apphication information from the V22X
UE 1102, The V2X rules may provide an operaior-independent mapping
between applications and preferred RAT, The commumications may ocour
between the V2X UE 1102, 88U of differant RATs (shown as a 3G BRSU 1104,
LTE REU 1106 and DSCR RS 1108), and the V22X Function 1110, which may
be disposed i the network as part of the RAN or UN. The RSUs may be local
or network~based {e.g., eMNBs).

{0692} Both the V2X UE 1102 and the V22X Function 1110 mav each
store a copy of the VZX category 1D = RAT ID mapping table 1120, In some
erpbodimoents, the VIX category 1D 2 RAT ID mapping table 1120 may be
ransiiited from the VEX Function 1110 10 the V2X UE 1102 via OMA-DM,
Each application that is registered with the YV2X UE 1107 may at operation 1324
thus be mapped in accordancs with the mapping table 1120

HEBYAY In one embodiment shown in FRG. 1, for example, the V2X UE
1102 may be cgpable of cartier aggregation and may have ostablishad g data ok
with both the 3G RSU 1104 using the 5G RAT and the DSRT R8YU 1108 using
the DSROC RAT. The VIX UE 1102 may wnitiate use of a first applicaton
{App03) The V2X UE 1102 may determine from the VZX category H3 =3 RAT
1} mapping table 1120 that App03 belongs to application category 2, for which
use of the 54 RAT is preferred at operation 1326,

TSR The VEX UE HOZ may then establish a data bink {or App03 with
the 3G RSU 1104 using a first set of 3G subcamers. Thus, at aperation 1328 the
YV2X UE 1102 may communicate 3 message {daia) via the selected RAT.

10095} The V2X UE 1102 may inttiate use of a second apphcation
category > -2 RAT 1D mapping table 1120 that App06 belongs to application
category 3, for which use of the BSRO RAT is preferred. The V2X UE 1102
then establishes a data link {or App06 with the AR RSU 1108 using a first set
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of BSRC subcarriers. The VZX UE 1102 may communicate at operation 1328
the different appheation data simaltaneously with the 3G RSU 1104 and the
DSRCRSU 1o,

13096 The VZX UE 1102 may subsequently irutiate use of a third
application {App01). The V2X UE 1102 may determune at operation 1326 from
the V2X category D > RAT ID mapping table 1120 that App01 belongs to
apphication category 1, for which use of the LTE RAT is preferred. The VZX
UE 1102 may discover and establish connection with the LTE RSU 1106 and
establish a data nk for AppOi with the LTE RSU 1106 using a first set of LTE
subcarriers. The V2X UE 1102 may use carvier aggregabion io communicate
with the 5{x RSU 1104 and the LTE RSU 1106 and alse conunimicate at
operation 1328 separately with the BSRC BRSU 1108

{971 FIG 12 dlustrates another MSC diagrarm of a mudti-RAT sysiem
i accordance with some embodimenis. As above, the coronmucaiions may
occur batween the VZX UE 1202, RSUs of different BATe {shown as a 30 REU
1264, LTE RSU 1206 and DSCR R51U 1208y, and the V2X Funchion 12140,
which may be disposed m the network as part of the RAN or CN. As above,
both the VZX UE 1202 and the V2ZX Function 1219 may each store a copy of the
Y2X category 1D -2 RAT D mapping table 1220, In some embodiments, the
VIX category 1D 7 RAT I mapping table 1220 may be fransmitied from the
V22X Function 1210 10 the V2X UE 1202 via OMA-DM,

{6098] In FIEz 12, the V2X UFE 1202 may be capable of carrier
aggregation and may have established a data tink with both the 3G RS 1204
using the 5G RAT and the DSRC RSU 1208 using the DSRO RAT, The V2X
UE 1202 may utiate use of a first application (App033. The V2X UE 1202 may
determine from the V2X calegory D -» RAT ID mapping table 1220 that
App03 belongs to application category 2, for whach use of the 3G RAT
proferred. The V2X UE 1202 ther establishes a data bink for App03 with the 3G
RELN 1204 using a tirst set of SG subcarniers.

{0099] The V23X UE 1202 wmay mmiiate use of a second apphicalion
{App06). The V2X UE 1202 may determine from the VZX category H3 =3 RAT
1} mapping table 1220 that App06 belongs to application category 3, for which
use of the DSR{ RAT is preferred. The VZX UE 1202 then estabhishes a data
tink for App06 with the DRRE RSU 1208 wsing a fivet set of DSRC subcarriers,
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The V2X UE 1202 may commumnicale the different application data
surnstianeoushy with the SG RSU 1204 and the DSRC RS 1203,

{00106} The V23X UE 1202 may subsequently frutiate use of a thurd
application {App01). The VZX UE 1202 may determine from the V2X catagory
I > RAT ID mapping table 1220 that App01 belongs io applicaiion category
1, for which use of the LTE RAT s preforred. Asthe VIXUE 120245
connected with the 5G R8U 1204, the V2X UE 1202 mav selact from among
different options.

[80161] In some embodiments, even though the LTE RAT 1¢ preferred,
the V2X UE 1202 may select the 3G RAT for convnunication of Appll datam
responss 1o bemg camped on the 5G RSU 1204, The selection may be based on
the REU{sY with which the V2X UE 1202 is currently attached and mdependert
of whether the LTE RSL] 1206 s avaiiable. In such ermbodiments, the V22X UE
1202 may use carrier aggregation 1o aggregats the Appil and Appt3 data on
different SG subcarriers and may use a separate transcetver and transmii/receive
chain to communicate the App06 data on the DSRC subcarriers. In some
ernbodiments, the VX UE 1202, like other ¥2X UFHs described herem, may
thus be equipped with a multi-RAT modem {providing e.g, 3G, LTE and DERC
sgpport). In various embodiments, like that of FIG. 11, the subcarriers used for
sach application may be separated and provided i different regions of the
available 5G spectrum: (1.2, blocks of spectrum allocated for the data of a single
apphication, the blocks perhaps being separated by 54 or other spectruny or may

be interleaved such that adacent 34 subcarriers may contain data of either

application
{0102 In other embodiments, the V2X UE 1202 may discover and

establish connection with the LTE R3YU 1206 and establish a data Hnk for Appil
with the LTE RSU 1206 using a fivet set of LTE subcamers, The V2X UE 1202
roay separately compounicate with the 3G RSU 1204, the LTE BSU 1206 and the
DSRC RS 1208

100163} The selection of a particular RAT forthe V2X UF o use for g
particular apphication roay be governed by one or more considerations involving
vartous KPEs. Fach KP{ mav be prioritized and operators can agree on a RAT
selection policy based on any one or a combination of these parameters in

different locations. If mnltiple KPIs for areused for different applications, the
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KPis may be the same or different for each application, as may the KPI
priovitization. The RAT selection policy may then be used (o generate the V2X
category 13 =3 RAT 1D mapping table,
{0104 One K P on which RAT selection may be hased may include
network identification, such as a network identifier, chanmed and frequency
Based on network wdentification, erther PLMN tor 3GPP-based technologies or
ervice set identifier {8510, realm for Wi-Fi and other factors such as available
bands/channgl and appropriate radic technology may be selected n a particular
location. In some embodiments, a selection based on this KPEmay thus be
purely tocation-based (i e, which networks and resources are avalable) and ha
nothing to do with radic network charactenstics
R IESY A KPI may be the Received Signal Btrangth Indicator (R3S
actual power of the received radio. Thas KPI may be relevant based on the speed
of the vehicle and the miended destination. For example, a velucle on grace
course or more constrained location may use Wi-Fi or 302, 11p based
technology, whereas for larger scale coverage 3GPP technologies roay be more
desirable This can also be decided based o received sigoal strength of 4 given
techniology within a cell.
HEE LS Wireless link attachment and connection fatlures and causes may
be another KPL This s 1o say that one KPTmay be network reliabiliey. I there
1s too much imerference, congestion ot ather factors may cause connechions over
a particiiar RAT 1o be unstable or drop frequently. Thus may result in the use of
one RAT to be preferred over another RAT, depending on appheation
reguirernenis. Such stanstics may be advertised by the operator for a given area
OF Tegion.
7] Link speed such as achievable maximum bandwidih and
throughput may be another KPL This 15 1o sav that the achievable throughput in
uplink and downlink directions may be g consideration based on the selected
application. Examples of applications may include high definition (HI¥ maps,
shariog of sensor data or large youliumedia content.
{B0108] Throughput biirate vanance as indicated according fo signal and
other condifions may be ancther KPI depending on application. For certain

applications, hike nich avdio with video, a gaming apphication or camera data
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with roadside controd station, a certain minimum throughput may be required
with bounded variance.

{0109 Round trip time and latency mav be a KPI for control signals and
miessages between vehicles and with infrasiructure and other entities. Round tnip
time and latency may nclude application response tune which measures the
actual server response laiency {e.g., hyperiext transfer protocol {HTTE) response
time). Another examplie of round t1ip fime and latency may include netwaork
round frip time. The network round trip time may be measwred throogh Internet
Control Message Protocol JOMP) requests. The network round tnp time may
be g consideration when conwnunicating with enuties deep nside the network.
The round trip time can also be used to measure reachability. which mav be
measured counting the round trip Hime and success rate (96).

LIS LH Range may also be used as a KPL Range may roeasure the
-eachahility and range of radic access technology based on the RAT tvpe, For
fonger range, 3GPP technologies may be preferred.

{00111} In some embodiments, the selection of the RAT way be per
application, which may be configured by the network or defined by the
application when requesting the service. In some embodiments, the selection of
the RAT may be per packet within an apphication. In this latier case, the RAT
selection may be based on the VEX UE requesting the RAT or Qof at every

packet transrmssion,

{80113} Examples
HERRT Exarople 1 i3 an apparatus of vehicle-lo-anything (VX user

equipment {V2X UE), the apparatus conyrising’ a memory; and processing
circuitry in commurication with the memory and arranged 1o generaie data of a
V2X apphcation for transmssion 0 a road side unt (RS, select, fromoa
geographcallv-timited, operator-mdependent mappiog table stored n the
memory, a radio access technology (RAT) for the V2X apphication based on an
application category of the V2ZX appheation, the mapping table comprising ¥V2X
applications grouped mio V2X application categories, the V2X application
categories based on fulfillment of different key performance mdicators (KPis);

and encode the data for transmission o the REU via the RAT.

(9]
(9]
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{08114} in Example 2, the subject matter of Example 1 optionally
melodes wherewt the mapping table provides a mapping between provider
service identifiors (PRIDS) of the V2X applications to V2X apphication
categorigs and an association hetwesn gach VIX application category and an
associated RAT.

{3115} In Example 3, the subject matier of any one or more of Examples
1-2 optionally inclade wherein: the mapping table provides interoparability, free
from load balancing among a plurality of RATs, among V2X UEs.

{00116} In Example 4, the subject matter of any one or mwove of Examples
1-3 opticnally mclude wherein the processing cireuityy s further configured to
senerate other data of another V22X application of a ditferent application
category, and encode the other data from the processing circuitry for
simultanecus transmission of the data and other data to different R8s on
different RATs via carrier aggregation.

{08117} in Example 5, the subject matter of any one or more of Examples
1—4 optionally wehide wherein the processing civcuitry s further configured to;
generate other data of another V22X application of a dilferent appheation
category associated with a different RAT, determine that the V2X UK is camnped
on the RAT, and in response (o a determination that the V2X UE is camped on
the RAT, encode the othey data from the proceseing cirautry for stmaltansous
transmussion of the data and other data to g same RSU ov a sarne RAT)

{00118} in Example 6, the subject matier of any one or more of Examples
1-5 optionally ehide wheretn the processing circuitry s further configured to;
attach 10 a radio access network (RAN} prioy (o generation of the data,
attachment to the RAN comprising: generation bw the processing circuitry of a
Y2X service authonzation request tor ransmission to a V2X {unction in the
RAN; and after transroission of the VIX service authonzation request to the
RAN, cause the memory 1o store the mapping table, the mapping table recaived
ina V2X service authorization response from the RAN fo the V2X UE.

106119} In Example 7, the sobject matter of Exarple 6 optionally
imcludes wheretn: the V2X service authorization request comprises g list of
RA'Ts supported by the V2X UE.

{1203 In Example 3, the suliject matier of Example 7 optionally

mciudes wherein: the mapping table 18 a modified version of a complete
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mapping lable, the mapping table Hmited {0 the RATx supported by the VZX UE
as indicated 1 the V2K service anthorization request.

106121 tn Exangple 9, the subject matter of any one or more of Exangples
1--8 optionally mclude wherein the procassing circuitry s funther configured to
generate areport for handover based on received reference signals, decods
mstroctions w at least one of systern information broadeast, physical downlink
control channel (PDCCH) or paging message addrassed to particular V2ZX UE
response 1o fransnussion of the report to the RAN, the wstructions comprising
mmstructions 1o change at least one of a plurality of application categories in the
mapping table 1o use a different RAN, and in response to the insiructions,
indicate one or mwore applications of the at least one of the plurality of
apphication categories {o use the differant RAN.

{43122} In Example 10, the subject matter of Example ¥ optionally
meiudes wherein: the instructions further comprise an indication that one or
mgre gther applicaiions are unable 10 be used due o handover of the V2X UE,
and the processing oivcuitry s further configured to generale a communication 1o
a user of the VX UE that the one or more other applications are unable {o be
used.

{1 23] In Example 11, the sulsect matter of anv one or more of
Exaroples 1-10 optionally jochide wherenn the appheation calegory is
associgted with onudtiple poontized RATs, the RATs comprising long term
evolution (LTE), Sth generation mobile network (543) and dedicated short range
cormmurncation {DSRCY

{0124} In Example 12, the subject matter of any one or more of
Exanydes 111 optionally include wherain: the KPI is selected from at feast one
of network identification, Received Signal Sirength Indicator {RESH), wireless
tink attachment and connection fathures and causes, achievable makimum
bandwidth, throughput trate vanance, round o1p time and latency, and range.
{00125} In Example 13, the sobject matter of any ong o1 more of
Examples 1-12 optionally include wherenn: selection of the RAT ie on a packet-
hy-packet basis,

[00126] In Example 14, the sulyect matter of Exarople 13 opuonally
includes wherein: the RAT selection s dependent on the V2X UE requssting the

RAT or a Quality of Service (Qo8) at everv packet fransnussion,

[8)
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{00127} In Example 15, the sobject matter of any ong or more of
Examples 1-14 optionally mnclude wherein: the processing circuiiry comprises a
haseband processor, and the apparatus further coroprises a transcaiver conligured
to comnwrucate with the other UE

[ 128] Example 16 15 an apparatus of radio access network {RAN), the
apparaius comprising a memory configured (o store a geographicallv-limited,
operator-independent mapping table that maps a plurality of application
categories to different preferred radio access technology (RAT), each application
category comprising a grouping of at least one vehicle~to-anything (VIX}
application; a VX funchiong and processing circuitry 1o cotonumication with the
memary and arranged o) decode g V2X service authorization requast from g
YV2X user equipment {UEY, verify the V2X service authorization request through
comynunicalion with a home subseriber server (HESY in 4 howme natwork of the
V22X UE; in response to a positive verification of the V2K UE servige
authorization request, generate a2 V2X service muthorization response comprising
8 ¥V 2X UE mapping table; and encode the V2X service authorization response.
106139 tn Exangple 17, the subject roatter of Exarople 16 opuonally
inciudes wheremn: the VZX service authorization request comprises a list of
RATs supporied by the V2X UE

J3E 340 In Example 18, the subject matier of Example 17 optionally
moludes wherein the processing civeutiry 1s further configured to binmt the RATs
i the V23X UE mapping table to the RATs suppaorted by the V2X UE as
mdicated m the V22X service authorization request to modify the mapping table
and produce the V23X UE mapping table.

100131 In Exanmple 19, the sulyect matter of anv one or more of
Examples 16-18 optionally include wherein: the mapping iable provides a
mapping between provider service identifiers (PSIDe) of the at teast one V2X
apphication o the V2X applicaiion categories and an associafion bebween each
YV2X application category and an associated RAT

{06132} In Example 20, the subject matter of any ooe or more of
Examples 1612 aptionally include wherein the processing curouniry 15 further
configwrad to: generate reference signals for transnussion fo the V2X UE, in
response o ransimssion of the reference signals o the V2X UE decode a report

for handover based on the reference signals from the V2ZX UE, i response to a

&
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determination that handover to ancther RAN is appropriate, generate insiructions
i control signaling to the V2X UE, the instructions comprising instrnuctions 1o
change at least one of the apphication categories i the V2 X wapping fable to use
a different RAN.

{33 In HExample 21, the subiect matter of Example 2¢ optionally
mcludes whereine the instroctions further comprise an indication that one oy
mora other applications are unable 1o be used due fo handover of the V2X UE.
100134} In Example 22, the sobject matter of any ong o1 more of
Examples 1621 optionally include wherein: at Teast one of the application
categories 15 associated with multiple RATs, and the processing ciroutiry is
further configured to priontized the RATs for each of the af feast ong of the
application categories,

31 35] In Example 23, the subject matier of ary one or more of
Examples 1622 optionally mclude wherein: selection of the RAT ison g
packet-brv-packet basis.

[00134] In Example 24, the subject matter of Exarople 23 optionally
micludes wherein: the RAT selection 15 dependent on the VIX UE requesting the
RAT or a Quality of Service (Qo8) at every packet {ransmission.

{37 Example 25 is a compuier-readable storage mediom that siores
mstroctions for execution by ooe o more processors of a vebicle user squipment
{VZX UE} the one or more processors 1o configure the V2X UE o receive g
geozraphically -limited, operator-independent mapping table from a radio access
network {(RAN), the mapping table comprising a mapping belween groups of
V23X gpphications each associated with a ditferent apphication calegory and a

different radic access technology (RATY for the V2 X apphication category, each

groupng of the V2ZX applications based on fulfillment of a key performance
mdicator {KPE for the associated V2X appheation category: generate dataof a
V22X appheation {or transmission 10 a road side umis (RSUY; select a pariicunlar
RAT hased on the mapping iable, and encode the daia to the R8U via the
particular RAT.

{B0138] tn Exangple 26, the subject roatter of Exarople 25 opuonally
includes wherein: the mapping table is received in a VZX service authonzation
response from the RAN that 18 in response (0 a VZX service authorization

request 1o the RAN to authorize the V2ZX UE, and i response to the V23X service
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authorization request comprising a hst of RATs supported by the V2X UE, the
mapping table s liroited to the RATS supported by the VIX UE as mdicated m
the V22X service authonzation request,

{0139] Exarople 27 is a method of radio access technodogy (RAT)Y
selection in a vehicls user equipment {V2X UE)Y, the method comprising:
recetving a geographically -hmuted, operator-independent mapping {able froma
radio accass network (RAN), the mapping table corprising a mapping between
eroups of ¥2X applications each associated with a different apphication calegory
and a different RAT for the V23X applicaton category, each grouping of the V2X
apphicasions based on fulfillmend of a key perfornance mdicator (KPP for the
associated ¥V 2X apphication category, generating data of 8 VZX application for
transimission 1o a road side vt (RSUY, selecting a particular RAT based on the
mwapping table; and transmitting the daia 1o the R8U vig the particular RAT.
1001406} in Example 28, the subject matter of Examyple 27 optionally
includes wherein: the mapping table is recetved in a V2X service authorization
reaponse from the RAN that i in response to 3 V2X service authonzation
reguest to the RAN o authorize the Y2X UE, and 1o response {0 the VIX service
authorization request cornprising a hist of RATs supported by the V2X UE, the
mapping table is hmited to the RATs supported by the VZ2X UE as indicatad in
the V2X service authorization reguest.

{0141} Exanple 2915 an apparatus of a vehicle user equipment {VIX
UK}, the apparaius comprising: means for receiving a geographucaliv-limited,
operator-independent mapping table from a radio access network (RANY, the
mapping iable coroprising a mapping between groups of ¥V2X applications each
associated with a different application category and a ditferent radio access
technology (RAT) for the V22X application category, each grouping of the V2X
apphications based on fulfitlment of a key performance mdicator (KPI) for the
associgted V22X applicanon category; means for generating data of a V2X
application for transmission io a road side unit {REUY, means for selecting a
particular RAT based on the mapping table; and means for trarsmetting the data
i the RS via the particular RAT.

1001421 In Exampla 30, the sulyect matter of Exarople 29 opuonally
mchudes wherein: the mapping table 18 received in a V2X service authorization

response from the RAN that 18 10 response 1o a V2X service authorizahon
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requiest to the RAN {o authorize the VZX UE, and in response to the V2X service
suthorization request corprising a hst of RATs supported by the V2X UE, the
mapping table is biroited fo the RATs supported by the VIX UE as indwcated 1n
the V2 X service authonzation request.

[ 43 Although an embodiment has been described with reference to
specific example embodiments, 4 will be evident that various modifications and
changes may be made {0 these embodiments withowt departing from the broader
scope of the preserd disclosure. Accordingly, the specification and drawings are
io be regarded in an Hlostrative rather than a restrictive sense. The
accommpanying drawings that form a part hereof show, by way of iHustration, and
not of hmitation, specific embodimends in which the subject matier may be
practiced. The embodiments Hustrated are described in sufficient detail fo
enable those skalled i the art to practice the teachings disclosed herein. Gther
embodiments may be utilized and derived therefrom, such that structural and
fogical substiiutions and changes may be made withow! departing from the scope
of this disclosure. This Detaled Descenption, therefore, s not {o be takenim a
houting sense, and the scope of various emboduments s defined only by the
appended claims, along with the full range of equivalents to which such claims
are entitied.

LD ERY The subject matter may be referred 10 herein, individually and/or
colicetively, by the term “embadimnent” merely for conventence and without
miending 1o voluiarily limt the scope of this application o anv single inventive
concept if more than one 15 fact disclosed. Thus, although specific
erobodiments have been dlustrated and described heren, 1t should be appreciated
that any arrangement caloulated to achieve the same pwrpose may be substituted
for the spectiic embodiments shown, This disclosire is intended to cover any
and all adaptations or variations of various embodiments. Combinations of the
above erpbodiments, and other embodiments not specifically described herein,
will be apparent to those of skill in the art upon reviewing the above deacription.
{00145} In this document, the termos "a" or "an” are used, a8 18 common in
patert documents, to nchude one or more than one, imdependent of any other
instances or usages of "at least one” or "one or more.” In this document. the
term “or" is ueed to refer io a nonexclusive or, such that "A or B" mcludes "A

but oot B "B but not A" and "A and B," unless otherwise imdicated. In thus
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document, the farms "inchuhing” and "in which” are used as the plain-English
eqrivalents of the respective terms "comprnsing” and "wheremn.” Also, m the
followmyg claims, the terros "including” and "comprising" are open-ended, that
1s, asysiem, UE. article, composition, forroulation, or process that includes
glements in addition to those lisied after such aterm in a claim are still deemed
to fall within the scope of that claum. Moreover, in the following claimg, the
terms "first," "second,” and "third.” etc. are used merealy as fabels, and are not
mtended 1o impose numerical requirements on their objects.

{00146} The Abstract of the Ersclosure is provided to comply with 37
CF R 81.72b), requiring an absiract that will allow the reader 1o quickly
ascertain the nature of the technical disclosure. 15 subunitted with the
undersianding that o will not be used o interpret or Hnt the scope of mieaning
of the clavms, o addibon, i the foregomg Detalled Desoription, it can be seen
that various features are grouped together in a single embodiment for the
purpose of streandining the disclosure. This method of disclosore 13 not to be
faterpreted as reflecting an imtention that the claimed embodiments require more
features than are expresshy recited in each claim. Rather, as the following claims
reflect, inventive subject maiter fres 1o ess than all features of a single disclosed
embodiment. Thus the following claims are heraby incorporated inio the
Detaled Descriplion, with each claim standing on 118 own as a separate

smbodiment,
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CLAIMS
What 1¢ claimed 15

i An apparatus of vehicle-to-anyihing (V2X} user equipment (V2X UE},
the apparatus comprising:
a memory. and
processing circutry in convmmication with the memory and arranged to:
generate data of 3 V2X appheation for transmission 1o a road side
uri (RSL Y
select, from a geographicallv-limited, operator-independent
mapping iable stored m the memory, a radio access technology {(RAT)
for the V12X applicanion based oo go application category of the V22X
appdication, the mapping table comprising V2X applications grouped into
V2X application categornies, the V2X application categories based on
fulfillment of different key performance mdicators (KPIs), and

eneoede the data for transnussion 1o the BSU vig the RAT.

tt

The apparatus of clairg |, wherem:

the mapping table provides a roapping between provider service
idendifiers (PRIDe) of the V12X applications to V2X application categories and an
association between each V2X application category and an associaled RAT.

3 The apparatus of clam | or 2, whereing

the mapping table provides interoperability, free from load balancing

among a plorality of RATs, among V2X UEs.

4, The apparatus of claim 1 or 2, wherein the processing circuitry is further
configured 1o

generate other data of another V22X appheation of a different application
category, and

encode the other data from the processing circuitry for simuitaneous
transmission of the data and other data to different RSUs on different RATs via

CATTISY ALEregalion,
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3. The apparatus of claim 1 or 2, wherein the processing circuitry is further
configured o

generate other data of another VX apphication of a different apphication
category associated with a different RAT,

determine that the V2X UE is campad on the RAT, and

i response to a deterounaton that the VIX UE 1o camped on the RAT,
encode the other data from the processing circwtry for sinmubtanecus

iransrussion of the data and other data to 2 same RS on a same RAT.

6. The apparatus of claim | or 2, wherein the processing cireutiry 1s further
configurad to:
attach 1o a radic access network (RAN) prior to generation of the data,
altachrnent 1o the RAN comprising:
generation by the processing cirouitiy of a VZX service
awthorization regusst for ransmiasion o a ¥V2X function i the RAN: and
after travsmussion of the V22 service authorization request o the
RAN, cause the memory (o store the mapping table, the mapping table
recetved in a Y2X service authorization response from the RAN to the

V2X K.

7 The apparatus of clairg 6, wherein
the V22X service authorization request comprises a list of RATs

supported by the V22X UE.

The apparatus of claim 7. wherain;
the mapping table is 2 modified version of a complete mapping table, the
mapping table limtted to the RATS supported by the VIX UE as indicated in the

YV2X service authonzation reguest,

9. The apparatus of clavm 1 or 2, wherein the processing circuttry is further
configurad 1o
generate a report for handover based on received reference signals,
decode insiructions in at lgast one of aysiem nformation broadeast,

phvetcal downlink control channel (PDCCH) or paging message addressed to
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particular V2X UE m response to fransmussion of the report to the RAN, the
imstructions cornprising justruchons o change at feast one of a plurality of
application categories i the mapping table to use g differert RAN, and

i response 1o the mstructions, indicate one or more applications of the at

feast one of the plurality of apphcation categories to use the different RAN.

10. The apparatus of claim 9, wherein:

the instroctions further comprise an indicalion that one or wiore other
applications are wnable 1o be used due to handover of the VEIX UE, and

the processing cirouitry 15 further condigured (o generate a
communication 1o a user of the V2X UE that the one or more other applications

are unable to be used.

11 The apparatus of claim 1 or 2, whergin:
the application category is associaied with mudtiple prioritized RATs, the
RATs comprising long termn evolation (LTE), 5% generation mobile network

{33 and dedicated short range conmmunication (DSRO),

12, The apparatus of claim | or 2, wherein:

the KPI is selectad from at least one of network wWdentification, Received
Signal Strength Tndicator (RSS1), wireless ink atfachment and connection
fariures and causes, achievable maimum bandwidih, throughput bitrate

vartance, round fnp troe and latency, and range.

13. The apparatus of clain | or 2, wherein:

sefection of the RAT is on a packet-by-packet basis.

14, The apparatus of claim 13, wherein:
the RAT selection ia dependent on the V2X UFE requesting the RAT ora

Cuahiy of Service {(Qo8) at every packet transmussion.

15. The apparatus of claint | or 2, wherein:

the processing circuitry comprises a baseband processor, and
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the apparatus further comprises a fransceiver configurad to communicate

with the other UE,

16, An apparatus of radic access network {RAN), the apparatus comprising:
a memory configured {o store a geographically-limited, operator-
mdependent mappiog table that maps a phaality of application categones o
different preferred radio access technology (RAT), sach application category
comprizing a grouping of at least one velcle-to-anything (V2X) application;
a ¥V2X function: and
Processing circuiity 1o commmmication with the mersory and arranged to
decode a V2X service authornization request from a V2X user
equipment {UE)
verify the V2X service authorization request through
commurication with a home subscriber server {HS8) in a home network
of the V2X UE;
wn response to a positive verification of the V2X 1JE service
authonzation request, generate a V2X service authonzation response
comprising a ¥V2X UF mapping table; and

encode the V2X service authorization response for transmission.

17. The apparatus of claim 16, wherein:
the V22X service authorization request comprises a list of RATs

supported by the V2X UE.

18, The apparatus of ciam 17, wherein the processing circuttry is further
configurad to:

Hmit the RATs in the V2X UE mapping table to the RATs supported by
the V23X UE as mndicated 1o the VZX service authonization reguest to modify the

mapping table and produce the V23X UE mapping table.

19, The apparatus of claim 16 or 17, wheren
the mapping table provides 3 mapping befween provider servige

wdentifiers (PSIDY of the at lzast one VZX application to the V2X appheation
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categories and an association between each V2X application category and an

associaied RAT.

2. The apparatus of clarm 16 or 17, wherein the processing Circuilry is
further configured 1o

generate reference signals for transmission o the V2ZX UE,

in response i transmission of the reference signals to the V2X UE,
decode a report for handover based on the reference signals from the VZX UE,

i response 10 g determination that handover 1o another RAM is
approprigie, generate instruciions in control signabing o the V2X UE, the
SITUCHions comprising instructions fo change at least one of the application

categoriss in the V2X mapping table to use a different RAN,

21 The apparatus of claim 20, wherein:
the instructions further comprise an indicalion that one or more other

applications are unable 1o be used dueto handovey of the VEIX UE,

22.  The apparatus of clarm 16 or 17, wherein:

at least one of the application categories 15 associated with multiple
RATe, and

the processing civcuitry 18 further configured to prioritize the RATS for

each of the at least one of the application categories.

23. A computer-readable siorage medium that stores mstructions for
execuiion by onie or more processors of a vehicke user equipment (V2ZX UEY, the
one oF fmore processors o configure the VZX UE o

receive a geographically Jimied, operator-independent mapping table
from aradio access nepwork (RAN), the mapping able comprising a mapping
betwsen groups of V2X applications each associated with a different application
category and a different radio access technology (RAT) for the VIX applicalion
category, each grouping ol the VIX apphications hased on fulfillreent of a key
parformance indicator {KP1) for the associated V22X application caiegory;

cenerate daia of a VZX application for fransmission 1o a road side unit

{BRE5Uy,
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sefect & particular RAT based on the mapping table; and

fransmit the data to the RS via the particular RAT

24, The madium of claim 23, wherein:

the mapping table is received in a V2X service authorization response
from the RAN that i3 10 response to a V2X service authorization request 1o the
RAN to awthorize the VZX UE. and

in response 1o the VIX service authorization request comprising a fist of
RATs supported by the V2ZX UE, the mapping table s hnuted o the RATs

supporied by the V2X UE as indicated in the V2X service authorization roguest,

25, A method of radic aceess technology (RAT) selection in a vehicle user
equiproent {(V2X UE), the method comprising:

receiving a geographically-Himited. operator-independent mapping table
from aradio access network (RAMN), the mapping table comprising a mapping
between groups of V23X applications sach associated with a different appheation
category and a different RAT for the V22X apphication category, each grouping
of the V2X applications based on fulfillmeant of a kev performance indicator
(P for the associated V2X application ¢ategory;

generating data of 8 V2X application for fransmission o a road side unit
{RSUy

selecting a particular RAT hased on the mapping table; and

ransmithng the data to the RSU via the particalar RAT

26, The method of claim 25, whersin:

the mapping table is received in a V2X service authorization response
from the RAN that i3 10 response to a V2X service authorization request 1o the
RAN to authonze the VIX UE, and

in response 1o the VIX service authorization request comprising a fist of
RATs supported by the V2ZX UE, the mapping table s hnuted o the RATs

supporied by the V2X UE as indicated in the V2X service authorization roguest,

27 An apparatus of a vehicle user equupment (V2ZX UE), the apparatos

COMprising;
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means for recetving a geographically -limited, operator-independant
mapping table from a radio access network (RAMN), the mapping table
Coraprising a mapping between groups of V2X gpplications each associated with
a differerd application category and a different radio access technology {RATY
for the V2X apphcation calegory, each grouping of the V2X applications based
on fulfiliment of a Kev performance indicator (P} for the associated V2X
apphication category;

means for generating data of a V2X apphication for transmission to a road
side it (RSUY,

roeans for selecting a particular RAT based on the mapping table; and

means for transnutiing the data to the RSU via the particular RAT,

33, The apparatus of claim 27, wherein:

the mapping table is received tn a V2X service authorizafion response
from the RAN that is in response to a VIX service authorization reguest to the
RAN o authorize the V2X UE, and

m response to the VX service authonization request comprising a bist of
RATs supported by the V2X UE, the mapping table 1s linutad to the RATs

sapported by the VZX UE as indicated in the V2X service authorization request.
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Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to patts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-15, 23-28

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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Group I: Claims 1-15 and 23-28 are directed to an apparatus of vehicle-to-anything (V2X) user
equipment (V2X UE) configured to: generate data of a V2X application for transmission to a
road side unit (RSU); select, from a geographically-limited, operator-independent mapping table
stored in the memory, a radio access technology (RAT) for the V2X application based on an
application category of the V2X application; and encode the data for transmission to the RSU
via the RAT.

Group II: Claims 16-22 are directed to an apparatus of radio access network (RAN) configured
to: decode a V2X service authorization request from a V2X user equipment (UE); verify the
V2X service authorization request through communication with a home subscriber server (HSS) in
a home network of the V2X UE; in response to a positive verification of the V2X UE service
authorization request, generate a V2X service authorization response comprising a V2X UE

mapping table; and encode the V2X service authorization response for transmission.

Form PCT/ISA/210 (extra sheet) (January 2015)
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