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(57) Abstract: Systems and methods of providing V2X communications are generally described. The multimode UE communicates
V2X messages with an eNB. The eNB detects whether the UE is able to receive messages from a nearby DSRC RSU based on mea-
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in a BSR or DSRC MAC control element or RRC measurement report. The measurement report includes DSRC presence fields, CCH
measurements and SCH measurements for each DSRC RSU that the UE is able to detect.
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DYNAMIC OFFLOADING OF V2X SERVICES TO DSRC

PRIORITY CLAIM
01 Thig application clairos the benafit of prionity to United States
Frovisional Patent Application Senial No. 62/357, 126, filed June 30, 2016,
entitted “DYYNAMIC OFFLOADING OF V2X SERVICES TO DAR{E,” and
United States Provisional Patent Application Senial No. 62/360,057, Gled July &,
2016, entitled "DERE MEASUREMENTS SUPPORT IN A 3GPP
NETWORE,” which 13 incorporated herein by reference in s entivety,

TECHNICAL FIFLD
B2 Embodiments pertain 10 radio access networks. Some
embodiments relate to vehicle-to-everyihing (VZX} communications in various
radic access technologies {RATs) mcluding cellular and wireless ocal ares
petwork {WLAN)Y networks, including Third Generation Partnership Project
Long Term Fvolution {3GPP LTE} networks and LTE advanced (L.TH-A)
networks as well as 4 generation (4G} networks and 3% generation (3G}

networks.

BACKGROUND
ERLIRY The wse of 3GPP LTE systerns (ocluding both LTE and LTE-A
svstems} has increased due {o both an increase in the types of devices user
equipment (UE) using network resources as well as the amount of data and
bandwidth bamg used by various appheations, such as video streanung,
operating on these UEs. For example, the growth of network use by Internet of
Things (IoT) UEs, which include machine type commumication (MTC} devices
such a3 sensors and may use machine-to-machine (M2ZM) commumications, as
well as the burgeoming V2X conwounications, has severely sirained network
resources and increased comnmnication complexity. V2X comnwmications of a
variety of dufferent applications from a UE are to coordinate with vanous
technologies, as well as among potentially rapidly moviog vebicles, This may

be particularly relevant to fufwe generations of UEs, which may be able to
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commmrucate using various technologies. Al present, however, af most a linuted
amount of control mformaton may be able to be passed between these disparate

technologies, leading 1o a number of 1ssues.

BRIEF DESCRIPTION OF THE FIGURES
80041 I the figures, which are not necessarily dravwn 1o scale, hike
numerals may describe simlar components i different views, Like ruroerals
having ditferent letter suffixes may reprasent different instanceas of sirnilar
components, The figures iHustrale geonerally, by way of example, but not by way
of hmitation, various embodiments discussed 1 the present document,
{0051 FiG | ilhustrates an architecture of a svstam of & network in
accordance with some embodiments,
{08006] FIG. 2 dlustrates example components of a device m accordance
wiih some ernbodirents.
{007 Fi(z 3 dlustrates example interfaces of baseband circwitry n
accordance with some embodimenis,
{00081 F1G 4 18 an dlostration of a control plane protocol stack
accordance with some embodiments.
{08097 F1G. S is an ihustration of 8 user plane protocol stack 1n
accordance with some ermbodirpents,
{0016 FiG. 6 15 a block diagramuiilustrating coroponents, according 1o
soms example embodiments, able 1o read insiructions from g machine-readable
or compuier-readable medium {e g, a non-transitory machine-readable siorage
roedium} and perforro any one or more of the roethodolagies discussed herein,
{0811} F1G. 7 ithustrates an Imtellipent Transportation System (T8 in

accordance with some enhodiments.

{80121 FIG. 8A tilustrates an ITS prior o offloading according o some
embodiments,
b3 Fiz %8, which tilusirates an ITS after offlcading according io

some embodimentis.

{3341 Fi(z. 2 ithustrates a message flow according to some
embodiments,
{B015] FIG. 10 illustrates a measurement report flow according to some

embodimenis.
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G Fiz 11 illustrates a measurement report flow according fo some

embodiments,

DETAILED DESCRIPTION

(4]

{80171 The following description and the drawings sufficienily illosirate

specific embodivnents (o enable those skilled in the art to practics thern Other

changes. Portions and features of some embodimends nay be mncluded n, or
substituied for, these of other embodunents. Embodumaents set forth in the
t0  claims encorapass all avalable equavalents of those clatms.
{0381 FiG. | ilhustrates an architecture of a systam 106 of a network in
accordance with some embodiments. The system 108 g shown 1o include a gser
equipment (UE) 101 and a UE 102 The UEs 101 and 102 are sHlustrated as
smartphones {e.g , handheld touchscreen mohile computing devices conmectable
15 tooone or more cellular networks), but moay alse comprise any motls or non-
mobile computing device, such as Personal Data Assistanis (PDAs), pagers,
fapiop computers, deskiop compuiers, witeless handsets, or any compuling
device meluding a wireless communications interface.
18019] in some embodiments, any of the UEs 101 and 102 can comprise
20 an Interset of Things (10T UE, which can comprise a nebwork access layver
designed for low-power Io7 applications utihzing short-ived UE connections,
An o7 UE can gtilize technologies such as machine-to-machine {MZM} or
machine-ty pe communications (MTC) for exchanging data eith an MTC server
or device via a public land mobile network (PLMN), Proxdmity-Based Service
25 {Pro8e) or device-io-device (132D cormmumnication, sensor networks, or foT
networks, The M2M or MTC exchange of data may be g maching-mitiated
exchange of data. An ToT network descoribes interconnecting ToT UEs, which
may include umguely identifiable embedded conputing devices (within the
internet infrastructure), with short-hved connections. The 10T UEs may execute
3¢ backgrowund applications {e.g., keep-alive messages, status updates, et } {6
facilitate the conneciions of the 10T network.
{0201 The UFs 101 and 102 may be configured to conpect, g,
comununicatively couple, with a radio access network (RAM)Y 110 - the RAN 116

may be, for example, an Evolved Universal Mobite Teleconymmicaiions Svstem

3
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{UMTRS)} Terrectrial Radio Access MNetwork {E-UTRANY, a NeZGen RAN (NG
RAMN), or some other type of RAN, The UEs 101 and 102 utilize connections
103 and 104, respectively, each of which comprises g physical coronnmcations
mierface or layer {discussed in further detai! below): in this example, the
connections 103 and 104 are iHlustraled as an air interface (o enable
communicative coupling, and can be consistent with celhilar coromurucations
prosocols, such as a Global System for Mobile Communucations {GSM)
protocol, a code-division multiple access (UDMA) network protocol, a Push-to-
Talk {(PTT) protocol, a FTT over Cellular (POC) protocol, a Universal Mobile
Telecoromurucations Svstem (UMTS) protocel, a 3GPP Long Term Evolution
{L'TE) protocad, a fifth generation {3G) protocot, a New Radio {NR) protocol,
and the like,

{0021} o this embodiment, the UEs 101 and 102 may further divectly
exchange comnnmcation data via a ProSe mierface 105 The ProSe mterface
105 may alternatvely be referrad 1o as a sidelink interface comprising one or
more logical channels, including bot not hovted to a Phyvacal Sidehnk Control
Channel (PSCCH). a Physical Sidelink Shared Channel (PSSCH), a Physical
Sidelink Discovery Channel {(PSDCH). and a Physical Sidefink Broadeast
Channel (PSBCH

80221 The 1JE 102 1¢ shown to be configured 1o access an access point
{AP)Y 106 vig conpection 107, The cormection 107 can comprise a local wireless
commection, such as a connection consisierd with any IEEE BG2.11 protocol,
wherein the AP 106 would comprise a wireless {fidelity (WiFi®) rowder. In this
example, the AP 10615 shown 1o be connected 1o the Iiternet without connecting
1o the corg natwork of the wireless system {described in further detail below).
180231 The RAN 110 can include one or more access nodes that enable
the conpections 103 and 104, These access nodes {ANs} can be referred 1o as
base stations {B8s), NodeBs, evolved NodeBs {eNBs), ne? Generation NodeBs
{zNB}, RAN nodes, and so forth, and can comprise ground stations (2.,
terrestrial access poinis) or satellite stations providing coverage within a
geographic area {e.g., a cell}l. The RAN 110 moay tnelode one or more RAN
nodes for providing macrocells, .., macro RAN nede L1, and one or more

RAN nodes for providing fenviocelfs or picocels (g g, cells having smaller
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coverage areas, smaller user capacity, or higher bandwidih compared o
macrocelis), e.g., tow power {LF} RAN node 112

{3241 Any of the RAN nodes 111 and 1172 can termunate the air
mterface protocol and can be the first point of contact for the UEs 101 and 102,
in some smbodimenis, any of the RAN nodes 111 and 112 can fudfill various
iogical huctions for the RAN 110 mcluding, but not imited to, radio network
convrolier (RNC) functions such as radio begrer managemens, uphink and
downlink dyramic radio resowrce management and daia packet scheduling, and
rmobility management,

IR In accordance with some embodiments, the UEs 101 and 102 can
fie contigured to conumunicate using Orthagonal Freguency-Division
Mudtiplexing (OFDM)} communication signals with gach other or with any of the
RAN nodes 111 and 112 over a madiicarnier commumication channel in
accordance vanous commumication techrugues, such as. but not hwted to, an
Orthogonal Frequency-Division Multiple Access {OFDMA} conununication
techmgue {e.g., for downhnk comrnunications) or a Single Carnier Freqguency
Pivision Multiple Access (SC-FIIMAY communication techmque (e.g., for
uplink and ProSe or sidelink coronmuucations), although the scope of the
embodiments is not limited in this respect. The GFDM signals can comprise a
plurality of orthogonal subcarriers,

{0261 In some embodiments, a downlink resource gnid can be used for
downlink transmissions from any of the RAN nodes 111 and 112 to the UHs 103
and 102, while uplink transmisstons can utihize similar techniques. The gnd can
be a ime-~frequency grd, called a resource grnid or time~-frequency resource grid,
which is the physical resourcs in the downdink in each slot. Such a time-
frequency plane representation 18 a commaon practice for GFDM systems, which
makes it nhmtive for radio resource allocation. Each coluron and each row of
the resource grid corresponds o one OFDIM symbol and one OF DM subcamrier,
respectively. The duration of the resource grid in the fime domain corresponds
tg one slot in a radio frame. The smallest ime-frequency unit in a resource grid
15 denoted as aresource element. Fach resource gnd comprises g number of
resource blocks, which describe the mapping of certain physical channels 1o
resource glements. Each resource block comprises a collection of resource
elements; in the frequency domain, this wmay represent the smallest quantity of

<
o
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resources that currently can be aflocated. There are several different physical
downlink chanuels that are conveved using such resource blocks.

1 The phyeical downdink shared channel (PDSCH) may camry user
data and higher-laver signaking to the UEs 101 and 102, The physical downiink
control channet (PRCCH} may carry information about the transport format and
resource allocations related 1o the PDSCH channel, among other things, It may
aleo inform the UEs 101 and 102 about the transport format, resource stiocation,
and H- ARG (Hybrid Automatic Repeat Request) information related to the
uplink shared channel. Typicallv, downlink schediding {assigning control and
shared channel resource blocks to the UE 102 within a cell) may be performed at
any of the RAN nodes 111 and 112 based on charmel quality information fed
back from any of the UEs 101 and 102, The downlink resource assignment
mformation may be sent on the PDOCCH used for (2 g, assigned o) each of the
Uks 101 and 102,

HHIZE] The PDCH may use control channel elements (CCEs) to convey
the control information. Before being mapped fo resource elements, the PDCCH
complex-valued symbaols may first be organized tio quadruplets, which may
thent be permutad using a sub-block interleaver for rate matching, Each PRCCH
may be transmitied using one or more of these CCEs, where each COE may
correspond 1o nine sets of four physical resource elements known as resource
element groups {(REGs). Four Quadrature Phase Shift Keving (GPSK) symbols
may be mapped 1o gach REG. The PDUCH can be fransnutied using onie o7
more {UCEs, depending on the size of the downlink controf information (DCH
and the channel condition. There can be {our or more different PDCCH formais
defined in LTE with different numbers of C{UFEs {2z, aggregation level, L=1, 2,
4, or B}

{00297 Some embodunents may use concepis Tor resource allocation for
cortdrol chanvel indormation that are an 2ension of the above-described
concepts. For example. somes ernbodiments may uttfize an enhanced physical
downlink control channel (EPDCCH) that uses PDSCH resourcss for control
miormation transoussion. The EPDCCH may be transmuiied using oue or more
enhanced the control channe! elements (ECUES), Simlar to above, each FCCE

may correspond to mne sets of four physical resource slements known as an

&
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enthanced resource element groups {EREGs) An ECCE may have other numbers
of EREGs in some sthiations.

3301 The RAN 11015 shown 1o be coronunucatively coupled to a core
network {CN) 120 —via an 81 mterface 113 fn erobodiments, the ON 120 may
be an evolved packst core (EPC) network, a Ne2Gen Packet Core (NPCh
network, or some other type of N Inthes erobodioent, the ST mterface 113 53
split 1nto two parts the S1-Umterface 114, whach camies traffic data between
the RAN nodes 111 and 112 and the serving gateway (8-GW) 122, and the 83~
rmoobility management entity (MME) mterface 115, which s g signaling mterface
between the RAN nodes 11 and 117 and MMEs 121

{00311 in this embodiment, the UM 120 comprises the MMFEs 121, the §-
(W 122, the Packet Data Network (PDBN) Gateway (P-GW) 123, and a home
subsoriber server (HSS) 124, The MMEs 121 may be similar in function {o the
corddrol plane of legacy Serving General Packet Radio Service {GPRS) Support
Modes {SGSN). The MMEs 121 may manage mobility aspects in access such as
gateway selection and tracking ares hist management. The HSS 124 may
comprise a database for network users, mcluding subscription-related
miormation to support the network enttties” handiing of commmmication
sesstons. The ON 120 mav comprise one or several HASs 124, depending on the
number of mobile subsceribers, on the capacity of the equipment, on the
orgamzation of the network, etc. For example, the HSS 124 can provide support
for routing/roaming, authentication, authorization, naming/addressing resolution,
incation dependencies, eic.

{3321 The S-GW 122 may terounate the 81 interface 113 towards the
RAN 110, and routes data packets betwaen the RAN 110 and the CN 120, In
addition, the S-GW 122 may be a tocal mobility anchor point for mter-RAN
node handovers and also may provide an anchor for inter-3GPP mobility. Gther
responsibilifies may jochude lawiul fidercept, charging, and some policy
enforcement.

[MB33] The P-GW 123 may terminate an 534G interface toward a PO,
The P-GW 123 may route data packeis between the EPC network 123 and
a2ernal networks such as a network nchuding the application server 130
{alternatively referred (o a3 apphication function {AF}) via an Intemet Protocol
(1P} mterface 125, Generally, the application server 130 may be an element

5
!
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offerng appiicaﬁms that use 1P bearer rescurces with the core network {e.g.,
UMTS Packet Services {PS) domam, LTE PS data serviges, etc). Inthug
embodiment, the P-GW 123 15 shown 1o be commumicatively coupled 1o an

application server 130 via an 1P conynunications inderface 125, The application

(4]

sarver 130 can also be configored 1o support one or more commmication

services (g g, Voice-over-Interngt Protocol (VolP) sessions, PTT sessions,

group comanunication sessions, sooal networking services, o} for the UEs

and 102 via the UN 120

{35341 The P-GW 123 may further be a node for policy enforcernent and

(¢ charging data collecuion. Poliey and Charging Enforcement Funcoion {(PCRF}
126 1s the policy and charging condrol element of the N 120, In a non-roanung
scenario, there may be a single PCRY in the Home Poblic Land Mobile Network
(HPLMN} associated with a UE s Inlemet Profocol Connectivity Access
Nepwork (IP-C AN} session. 1o g roarning scenario with bocal breakowt of traffie,

15 there may be two POURFs associated with a UE s IP-U AN sgssion: a Home PCRF
{(H-PCRF) within g HPLMN and g Vistted PCRF (V-PCRF) within a Vistted
Public Land Mohile Network (VPLMN)Y. The PCRF 126 nay be
conumunicatvely coupled to the application server 130 via the P-GW 123, The
application server 134 may signal the PCRY 126 to indicale a new service flow

20 and select the appropriate Quahity of Service (Qol) and charging pararoeters.
The PCRF 126 may provision thus rule mto a Poliey and Charging Enforcement
Function {PUEF) {(not shown} with the appropnate traffic flow femplate (TFT)
and GQof class of identifier (QCT), which commances the Qof and charging as
spacified by the appheation server 130,

75 {8038 F1G. 2 sthustrates example conponents of a device 200 in
accordance with some embodiments. In some embodiments, the device 200 may
mclude application cireuttry 202, baseband cirenitry 204, Radio Frequeney (RF)
cirenitry 206, front-end roodule {(FEM) circuitry 208, one or roore antonnas 210,
and power management circurtry (PML) 212 coupled together at least as shown.

3¢ The components of the Hustrated device 200 mav be mncluded v a UE or 2 RAN

node. o some embodiments, the device 200 may nclude tess elements ez, a

RAN node may not witlize application cirowtry 202, and instead include a

processor/controller to process 1P data recerved from an EPCY In some

esbodiments, the device 200 may include additional elements such as, for

&
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example, memary/storage, dispiay, camara, sensor, of inpul/output {1/0)
mierface In other embodiments, the components described below roay be
mocluded i more than one device {e.g, smd circuiiries may be separately
mcluded in mores than one device for Cloud-RAM ({U-RAN}Y implementations).
{80361 The application cirguitry 202 may include one or more
application processors. For example, the application curawtry 202 way mclude
cirenitry such as, but not luvaied {o, one or roore single~core or nulti-core
progessors. The processoris) may include any combination of general-purpose
processors and dedicated processors {e.g, graphics processors,

application processors, efc.}, The processors roay be coupled with or yoay
mclude memorv/storage and may be configured 1o execute instructions stored in
the memory/storage to enable various applications of operating systems {0 run

ont the device 200, In some embodumenis, processors of application circuitry

202 voay process 1P data packets received from an EPC
B3 The baseband circuitry 204 may include circuitry such as. but not

frnted to, one or roore single~core or multi-core processors. The baseband
curewiry 204 may mchude one or more basehand processors or control fogic 1o
process haseband signals received from a recetve signal path of the RF circuitry
206 and to generate baseband signals for a transnui signal path of the RF
cireuitry 206, Baseband processing cuculy 204 way interface with the
application cuoutry 202 for generation and processimg of the baseband signals
and for controtling operations of the BF circuitry 206, For exampls, n some
embodiments, the basehand circuitry 204 may include a third generation (34)
baschand processor 2044, g founth generation (4G) baseband processor 2048, &
fifth generation {5¢3) basgband processor 204C., or other baseband processor{s}
2041 for other existing generations, generations in development or to be
developed 1o the future {e.g., second generabon (203}, 12k generption (60}, elc.).
The haseband civenitry 204 {e.g.. one or moore of basehand processors 204A-13)
may handle various radio condrol functions that enable compumication with one
or more radio networks via the BF cireuitry 206, In other embodiments, soms
or ghl of the functionality of baseband processors 204.4-D roay be vwluded o
modules stored in the memory 2044 and executed via a Central Processing Unit
{{CPL 204E. The radio control functions may include, b are not limited o,
stgnal modulation/demodulation, encoding/decoding, radio frequency shifting,

9
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eic. In some embadiments, modulation/demadulation circuitry of the baseband
civeurtry 204 wmav inclode Fast-Fourter Transform (FET), precoding, oy
constellation mapping/demapping functionality. To some embodiments,
encoding/decoding cirowitry of the baseband circuttry 204 may include
convoiution, tail-biting convolotion, turbo, Viterhi, or Low Densily Partty Check
(LOPC)Y encoder/decoder functionality, Emboduments of
modulaton/demodulation and encoder/decoder funclionahity are not houtad 1o
these examples and may include other suttable functionality m other
ambodiments,

{3381 In some embodiments, the basehand circutry 204 oy mclude
one or more audico digital signal processor(s) (DSP) 204F. The audio DSP{s}
204F may be include elements for compreasion/decompression and echo
cancelation and may inchude other suitable processing elements in other
embodiments. Componenis of the baseband ciraumiry may be suitably combined
in a single chip, a single chipset, or disposed on a same circuit board in sone
embodiments. In some ermbodiments, some or all of the constituent components
of the basehand Greuitry 204 and the apphication aircumtry 202 roay be
implemented together such as, for example, on a svsten on a chip (SOC)

{80391 in some embodiments, the baseband circuitry 204 may provide
for comwnunication compatible with one or wore radio techoologies. For
example, in some emboditoents, the baseband cirauiry 204 may support
commmuucation with an eveldved universal terrestrial radio access network
{(ELITRAN) or other wireless metropolitan area networks {WMAN), a wireless
focal area network (WL AN, a wireless personal area network (WPAN)
Fmbaodiments in which the baseband circuitry 204 is configured 1o support radio
comununicanions of more than one wireless protocol may be referred to as mudii-
mode basehand circuitry,

{3048 BF crroumitry 206 may onable commuication with wireless
networks using modulated electromagnetic radiation through a non-solid
medihum. i varions embodiments, the RF circuitry 206 may inchade switches,
filters, amplifiers, etc. to facilitate the covvmunicaiion with the wireless network.
RF circuiry 206 may mclude a receive signal path which may tnclude circutry
o down-convert BF signals recetved from the FEM circuitry 208 and provide

baseband signals to the baseband circuitry 204, R¥ cirawtry 206 may also
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nclude a transmit signal path which may include civewitry to up-convert
baseband signals provided by the baseband cirauiry 204 and provide RF output
signals to the FEM curowiry 208 for transnussion,
{0411 In some embodiments, the receive signal path of the RF circuitry
5 206 way imclude mixer cirepitry 200A, amplifier circuityy 2068 and fiiler
cireuitry 2060, In some ervbodiments, the transioit signal path of the RF
cirenitry 206 may inchude filter civeuitry 20060 aod maxer cirowmilry 206A. RF
circuitry 206 may also inchude synthesizer circuitry 206D for svothesizing a
frequency for use by the mixer circuttry 2064 of the recetve signal path and the
(¢ iransout sigoal path. To some embodiments, the muxer ciremitry 2004 of the
recetve signat path may be configured to down-convert RF signals received from
the FEM civcuitry 208 based on the synihesived frequency provided by
svathesizer civeuitry 2060, The amphifier cirawniry 206B may be configured {o
amplify the dowrrconverted signals and the filter crouttry 2060 may he a low-
15 pass filter {LPF) or band-pass filter {BPF) configured 1o remove unwanted
signals from the down-converied signals to generate output baseband signals.
Output basehand signals may be provided 0 the baseband cirouiry 204 for
further processimg. o some embodimends, the output baseband signals mav be
zero-frequency baseband signals, although this is not a requirement. In some
20 emwbodiments, maxer cirouitry 2064 of the receive signal path voay corprise
passive nuxers, although the scope of the embodiments 15 not hmited in thus
regpact.
YA In some embodiments, the mixer cirguitry 206A of the ransmit

signal path may be configured to up~-convert input baseband signals based on the

]
4

svithesized frequency provided by the svnthesizer circuttry 20613 {0 generate RE
output signals for the FEM circuitry 204, The baseband signalz mav be provided
by the baseband circutiry 204 and may be filiered by filler circuttry 206C.

{0043 In some embodiments, the muxer grcuitty 2064 of the recaive
signal path and the muxer circuitry 206A of the transmut signal path may inchude
36 wo or more mixers and may be arranged for quadrature downconversion and
upconversion, respectively. In some ombodiments, the roixer circutry 2064 of
the receive signal path and the miver circuitry 206A of the transnut signal path
may include Do or more mixers and may be arvanged {or image rejection {e.g..

Hartley image rejection). In some embodiments, the mixer cirguiry 206A of the

i
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(4]

2
o

]
4

36

receive signal path and the miver circuitry 206A may be arranged for diract
dovwnconversion and divect upconversion, respectively. In some embodiments,
the nuver circutiry 2064 of the receive signal path and the roixer circutry 206A
of the fransnut signal path may be configured for super-heterodyne operation.
80441 in some embodiments, the cutput baseband signals and the inpot
baseband signals mav be snalog baseband signals, although the scope of the
embodiments is not lureted in this respect. In some alternale erchoditoents, the
owipnt baseband signals and the mput baseband signals may be digital baseband
signals. Io these alternate ervbodiroents, the BF cirenitry 206 may include
analog-to~digital converter {ADC) and digial-to-analog converter (DAL
circuitry and the baseband circwitry 204 may include a digital baseband inderface
o comumunicate with the RF cirautry 206

[B045] In some dual-mode embodiments, s separate radio 10 cirowmiry
may be provided for processing signals for each spectrurn, although the scope of
the embodiments is not limited m this respect.

{5461 In sovoe ersbodiments, the synthesizer circuilry 206D may be g
fractional-N synihesizer or a fractional MN/M+1 synthesizer, although the scope of
the embodiments is nod linutad o thes respect as other types of frequency
svithesizers mav be suitable. For example, svathesizer circuitry 2060 may be a
delta-sigma synthesizer, a frequency wulfipher, or a svothesizer cormuprising a
phasa-tocked ioop with a frequency divider,

{0471 The synthesizer circwtry 20603 may be configured 1o synthesize
an output frequency for use by the mixer circuitry 206A of the RE cirquitry 206
based on a frequency input and a divider control joput. o some embodiments,
the synthesizer circuuiry 206D may be a fractional N/N+1 synthesizer.

{00481 in some embodiments, frequency inpot may be provided by a
volage controlted oscillator (VCG}, although that i3 not a requirement. Dhvide
cortdrol input may be provided by erther the baseband crrcuitry 204 or the
appdications processor 2072 depending on the desired output frequency. In some
embodiments, a divider conirol inpui {e g . N} may be determined from a look-
up table based o a chaonel indicated by the applications processor 202,

{08491 Syathesizer cirowtry 2060 of the RF circwitry 206 may include a
divider, a defay-focked loop (DLL), a mubtiplexer and a phase accumalaior. In

some ermbodiments, the divider may be a dual modulus divider (BMD) and the
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phasa accumulator may be a digital phase accumudator (DPA) In some
embodiments, the DM may be configured to divide the wnput signal by etther N
or M+1{e.g., based on a carry out) to provide a fractional division ratio, In sone

P

example embodiments, the BLL may include a st of cascaded, funable, delay

(4]

elemenis, g phase detector, a charge pump and a D-lype flip-flop. In thess
esubodiments, the delay elements may be configuraed to break g VOO period up
mio Nd equat packets of phase, where MNd i3 the number of delgy elemenis in the
deiav bine. In this way, the DLL provides ngganve feadback to help ensure that
the total delay through the delay hine 18 one VOO ovele
TN f11 75 1 In some embodiments, synthesizer cirouiry 20603 moay be
contigured to generate a carrier frequency as the cuiput frequency, while in other
embodiments, the cutpot frequency may be a mudtiple of the carrigr frequency
{e.g., twice the camer frequency, fowr imes the carrer frequency) and used 1o
corgunchion with quadrature generator and divider ciroutiry 1o generate roultiple
15 signals at the carner frequency with multiple different phases with respect to
sach other. In some embodiments, the output frequency mav be a LO frequency
{fL.OY. In some ersbodiments, the BF aircuitry 206 may include an IQ/polar
converier.

{00517 FEM circuitry 208 may include a receive signal path which may

2
o

meclude airemitry configured to operate on RF eignals recerved from one or roore
ardonnas 210, arophity the received signals and provide the amplified versions of
the recatved signals to the RF circuitry 206 for further processing. FEM
circuntry 208 may also mclnde a transmit signal path which mav mclode cirauiry

contigured to amphiy signals for trarsmussion provided by the RF cuoutry 206

]
4

for ransmission by one or more of the one or more antennas 210 In various

embodiments, the amphification through the transmit or recetve signal paths may

be done solely 1o the BYF circuitry 206, solely 1o the FEM 208, or i both the RF

cirenitry 206 and the FEM 208,

{052 In some embadiments, the FEM circuttry 208 may include a

3 TH/RX switch to switch betwesn transmit mode and receive mode operation,
The FEM arcutry may mchude arecenve signal path and a travsront signal path

The receive signal path of the FEM circuitry may melude an LINA to amplity

received RF signals and provide the amplified received RF signals as an ouipot

{e.g, to the BF crowmitry 206} The fransroit signal path of the FEM cirauiry 208

i3
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may include a powser amplifier (PA} o amplity input RF signals {e. ¢, provided
by RF cirawniry 206}, and one or more filters 1o gensrate BRF signals for
subsequent transroission {e.g., by one or roore of the one or more antermas 2103

{0531 in some embodiments, the PMC 212 may manage power

(4]

provided to the baseband cirquitry 204, In particular, the PMC 212 mav control
power-source selection, voltage scaling, battery charging, or BC-0-DC
comversion. FThe PMC 212 may often be inchuded when the device 20015 capable
of being powered bw a battery, for example, when the device 15 included in a UK.
The PMC 212 wmay increase the power conversion efficiency while providing
t0  destrable unplementation size and heat dissipation characierisiics,
{08541 While FIG. 2 shows the PMC 212 coupled only with the
baseband circuitry 204, However, in other embodiments, the PMC 2 12 may be
addiionally or altervatively coupled with, and perform similar power
managerent operations for, other coraponents such as, but not hioted 1o,
15 application circuttry 202, RF circuitry 206, or FEM 208,
{551 Int some embodiments, the PMC 212 may control, or otherwise be
part of. vanous power saving mechanisms of the device 200, For example, if the
device 200 15 x an RRC Connected state. where it 15 still connected to the RAN

node as i expects 1o recatve traffic shortly, then 1t may enter a state known as

2
o

Dhscontinuons Reception Mode (DRX) after a period of machivity, Dhuning ths
state, the device 200 may power down {or brief ntervals of ime and thus save
POWEF.

56 ] If thers ts no data waffic activity for an eZended period of time,

then the device 200 may transition oftf 1o an RRL dle state, where o discormects

]
4

from the network and does not perform operations such as channel quality
feedback, handover, ete. The device 200 goes into a very low power state and it
performs paging where again i pertodically wakes up o isten to the network
and then powers down again, The device 200 may not recetve data in this state,
i order 1o receive data, 1t must transition back to RRC Connected state.

G (Lo Ag additional power saving mode may allow a device {0 be
unavailable to the network for penods longer than g paging mierval ranging
from seconds to a few howrs). During this time, the device is totally unreachable
io the network and may power down completely. Any data sent donng this time

meurs alarge delay and 115 assurmed the delay 15 acceptable.
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U Processors of the application circuttry 202 and processors of the
baseband arcuitry 204 may be used 1o execute elemenis of one or more
mstances of a protocol stack. For exarople. processors of the baschand cirowtry
204, alome or i: combination, may be used execute Lavear 3, Laver 2, or Layer §

5 funcuonality, while processors of the application circwiry 204 mayv utilize data

{e.g., packet data) received from these lavers and farther execute Layer 4
functionabily {e.g.. fransmission communicaiion protocol (VOP) and user
datagrar protocol {UDPY lavers). As referred 1o herein, Laver 3 may coroprise a
radio resource condrol (RRCY laver, described i further detail below, As

t0  referred to heroin, Laver 2 may compnse a medium access control (MALC) laver,
a radic bink control (RLC) laver, and a packet data convergence profocol (PDCE)
faver, described in further detadl below. Ag referred to herein, Laver | may
comprise a phyvacal (PHY ) laver of a UE/R AN node, described 1o further detail
below.

15 [0SY] Fi(z 3 dlustrates example interfaces of baseband circuitry n
accordance with some embodimenis, As discussed above, the baseband circudiry
204 of FIG. 2 may comprise processors 204A-204F and g memory 2040 utihzed
tv said processors. Each of the processors 204 A-204E may include a memory
miterface, 304A-304E, respectively, fo send/recerve data to/from the memory

w0 2044z
{3068 The baseband circuitry 204 may further include one or more
interfaces to conununicatively coupls to other circuiinies/devices, such as g
memory interface 312 (e g, an interface to send/receive data to/from memory
e2emal to the baseband circunry 204}, an application circuitry mierface 314

25 feg. aninterface {0 send/recetve data to/from the application circuiry 207 of
FIG. 23, an RF circuitry interface 316 {g.g., an interface {o send/recetve data
o/from B cirenitry 206 of FIG 23, a wireless hardware connectivity interface
318 {e.g, an mwterface 1o send/receive data to/from Mear Field Comprmication
{(NF) components, Blustooth® components {e.g., Bluetooth® Low Energy}.

3 Wi-Fi® components, and other communication componenis), and a power
management wierface 320 (e g, an interface 1o send/receive power or control
signals to/from the PM{ 212},

00611 FIG. 4 15 an ilhastration of a control plang protocsd stack m
accordance with some embodioents. In this embodunent, a control plane 400 5

is
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shown as a conunumnications protoca] stack between the UE 101 {or alternatively,
the UE 102}, the RAN node P11 for alternatively, the RAN node 112}, and the
MME 121,

{0962] The PHY laver 401 may transmit or receive nformation used by

(4]

the MAL layer 402 over one or more air inferfaces. The PHY laver 401 may
further perform hok adaptation or adaptive moeduolation and coding (AMC),
power comtrol, cell search {e.g , for imutial svonchronization and handover
purpnses), and other measurements used by higher lavers, such as the RRC layer
405, The PHY layver 401 may still further perform ervor detection on the
(¢ iransport channels, forward ervor correction (FEC) coding/decading of the
transport channels, modulation/demedulation of physical channels, intarfeaving,
rate matching, mapping onio physical channels, and Multiple Input Multiple
(nstput {MIMO) antenna processing.
{063] The MAC laver 402 may perform mapping between togical
15 channels and ransport chamnels, muliplexing of MAC service data uniis (S3DUs)
from oneg or move logical channels onto fransport blocks (T8 1o be deliverad to
PHY via trarsport channels, de-multipleving MAC SDUs 1o one or more logical
channels from transport blocks (TR} defiverad from the PHY via transparnt
channels, mudtiplexing MAQC SDUs onto TBs, scheduling information reporting,
20 error correction through hybid automatic repeat request (HARQ), and logical
channel prioninzation
j06:4] The RLC faver 403 mayv operate in a plurality of modes of
operation, inchuking: Transparent Mode {Th}, Unacknowladged Mode (UM},
and Acknowiedged Maode (AM} The RLC laver 403 may execute transler of
25 upper layer protoce data uniis (PDUs), arror correction through automatic
repeat request {ARQ) for AM data transfers, and concatenation, segmentation
and reassernbly of REC SDUs for UM and AM data transfers. The RLC layer
403 woav also evecute re-segmentation of RLC data PDUSs for AM daia transfers,
reorder RLC data PDUs for UM and AM data franstfers, detect duplicate data for
36 UM and AM dada transfers, discard REC SDUs for 1M and AM data transfers,
detect protocol errars for AM data transters, and perform REC re-establishroent.
{0651 The PP laver 404 may execute header compression and
decompression of IP data, maintain PDCP Sequence Mumbers {8Ns}, perform

me-seguence delivery of upper layer PRI at re-astablishment of lower layers,
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(4]

28}

30

elinunate duplicates of iower layer SDUs at re-gstablistunent of lower layers for
radio bearers mapped on RLC AM, cipher and decipher control plane daia,
performindegrity proteciion and mtegriy venlication of control plane data,
control timer-based discard of data, and perform security operations (2.2,
ciphering, deciphenng, mitegrity protection, infegrity verification, eic.),

{0066] The main services and Rmctions of the RRC laver 405 may
melude broadeast of svstem wforration {e.g, mcluded 1 Master Information
Blocks (MIBs) or Svstem Information Blocks {(SIBs) related o the non-access
stratum (NAS)Y), broadeast of sysiem miormation related o the access stratum
(A8}, paging, establishment, mamienance and release of an RRC conpection
between the UE and E-UTRAN (2 g.. RRC connection paging, RRL connection
establishment, RRC conpection modification, and RRC connection release},
establishiment, configuration, maintenance and release of point to point Radio
Bearers, securntty functions meluding key management, irder radio access
technology {RAT) mobility, and measurement configuration for UE
reasurement reporiing, Said MiBs and S1Bs may comprise one or more
miormaiion elements (Y83s), which may each comprise individual data Gelds or
data structures.

80671 The UK 101 and the RAN node 117 may utilize a Lhi interface
{e.g., an LTE-Lhuinterface) to exchange control plane data via a protocol stack
comnprising the PHY layver 401, the MAC laver 402, the RLC laver 403, the
PDUP laver 404, and the RRC laver 405

IS8T The non-access siratum (MNAS) protocols 406 form the highest
straturo of the control plane between the UE 1071 and the MME 121 The NAS
protocols 406 support the mobility of the UE 101 and the session management
procedures to establish and maintam 1P connectivity between the UE 101 and the
P-GW 123

{069 The 81 Apphication Protocol (S1-AP) laver 415 may support the
functions of the ST uuerface and comprise Elementary Procedures (EPs). An EP
is a unit of mteraction between the RAN node 111 and the UN 120, The 31-AP
faver services may comprise two groups: UE-~associated services and non UE-~
assaciated services. These services perform Punchions including, but not hmited

o) B-UTRAN Radio Access Bearer {E-RAR) management, UE capabifity
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(4]

30

indication, mobility, NAS signaling {ranspori, RAN Information Management
{RIM]}, and configuration transfer,

Y70 The Stream Control Transmission Protocol (SCTE)Y laver
{alternativelv referred 1o as the SUTP/IP faver) 414 may ensure rebiable delivery
of signaling messages between the RAN node 111 and the MME 121 based, in
part, on the 1P protocol, supported by the IP laver 413, The L2 laver 412 and the
LY laver 411 may refer to compmumcation hnks {e.g.. wired or wireless) used by
the RAN node and the MME 1o exchange mformanon.

{65711 The RAN node 11 and the MME 121 may utithze an 51-MME
mierface 1o exchange control plane dats via a protocol stack conpmising the L1
favar 411, the L2 laver 412, the 1P laver 413, the SCTP laver 414, and the S1-AP
faver 415

{80721 FIG. 5 15 an ilustration of a user plane protocol stack in
accordance with some erchoditeerds. In this embodiment, a user plane 500 15
shown as a conunumnications protoca] stack between the UE 101 {or alternatively,
the UE 102}, the RAN node T for alternatively, the RAN node 112), the 5-GW
122, and the P-GW 123 The user plane 500 may utihze af feast some of the
sarne protocol layers as the control plane 400, For example, the UE 101 and the
RAN node 111 may viilize a Un imterface (e.g, an LTE-Uy inferface) to
exchange user plane data via a protocol stack comprising the PHY layer 401, the
MAL laver 402, the RLC layer 403, the PDCP laver 404,

73] Tha General Packet Radio Service {GPRES) Tunneling Protocol
for the user plane {GTP-U) laver 304 may be used for carrving user data within
the GPRS core network and between the radio access network and the core
network. The user data transported can be packets m any of 1Pv4, IPVG, or PPP
formats, for example. The UDP and 1P security (UDP/P) layver 303 may
provide checksurns for data integrity, port numbers for addressing different
functions at the source and destination, and encrvption and autherdication o the
sefected daia flows. The RAN nade 111 and the 8-GW 122 may utthize an 51-1
inferface to exchange user plane data via a protocol stack comprising the L1
faver 411, the L2 laver 412, the UDP/P Javer 503, and the GTP-U laver 504
The 5-GW 122 and the P-GW 123 mav uilize an 35/58a interface to exchangs
user plane daia via a protocol stack comprising the L1 layer 411, the L2 faver

412, the UDP/AP layer 303, and the GTP-U laver 304 As discussed above with
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respect to FIG. 4, NAS profocods support the mobility of the UE 101 and the
session management procedures to establish and maintam 1P connectivity
between the UE 101 and the P-GW 123,

100741 F1G. 6 13 a binck diagram dlustrating components, according 1o

(4]

some example smbodiments, able 1o read mstructions from a machine-readable

or computer-readable mediom (e g, g non~iransitory machine-readable storage

mediunyg and perform any one or roore of the methodologies discussed herein.

Specitically, FI{ © shows a diagramumaiic represeniation of hardware resources
600 meluding one or more processors {or processor cores) 610, one or more

(¢ roemory/storage devices 620, and one OF Toore CoOTonIUCaRan resourees 630,
each of which may be communicatively coupled via a bus 646 For
embrodiments where node virtualization {e.g., NFV} s utilized, a hypervisor 602
may be executed (0 provide an execution environment for ooe or more sebwork
shices/sub-slices to utihize the bardware resources 600

HE LU U The processors 610 {e. g, a central processing unit (UPUY a

reduced mstruchon set computing {RISC) processor, a complex instruchon set

computing (CISCY processor, a graphecs processing unit {GPFL), a digital signal

processor (D8 F) such as a basehand processor, an application specific integrated

cirouit {ASIC), a radio-frequency integrated circoit (RFIC), another processor, or

2
o

any sutiable combimation thereot) may nclude, for example, a processor 612 and
a progessor 614
{76 The memaory/storage devices 620 may include man memory, disk
storage, or any suitable combination thereof. The memorv/storage devices 620
roay nelude, but are not mited to any type of volatilc ot nove-volatile roemory
25 such as dynamic random aceess memaory {BRAM), static random-access
memory {SRAM}, erasable programmable read-only memory (EPROM),
electrically erasable programmable read-only memory (EEPROM), Flash
memory, sohd-state siorage. eic
T 7] The commpucation resources 630 may include interconnection
3¢ or network interface components or other suitable devices to communicate with
one of more peripheral devices 604 or one or more databases 606 via a nepwork
608, For example, the corpnmucation resources 630 may include wired

comununication components {e.g.. for coupling via a Universal Serial Bus

{UISBY, cellular commnunication componenis, NFC components, Blustooth®

1o
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componards {2.3., Blustooth® Low Energy ), Wi-Fi® components, and other
COUMMUBICALON Components,
T8 Instructions 630 roay cotoprise sofiware, a prograr, an

application, an applet. an app, or other executable code for causing at least any

(4]

of the processors 610 o perform any one or more of the methodologies
discussed herein. The jostructions 650 may reaide, completely or partially,
withen at least ome of the processors 610 {e.g, within the processor’s cache
memary ), the memorv/storage devices 6240, or any suttable combination thereof
In some ewbodiments, the instructions 630 may reside oo a tangible, non-

t0  volatile comnuwmication device readable medium, which may mnclude a single
medium or multiple media. Furthermore, any porfion of the mstrctions 6350
may be transferred o the hardware resources SO0 from any combination of the
peripheral devices 604 or the databases 606, Accordingly, the memory of
processars 610, the memory/storage devices 620, the penpheral devices 504, and

15 the databases 606 are examples of compiner-raadable and machine-readable

media,
791 As described above, vebicle UEs may engage 1 V2X

commmumicanons. V2X commnumications may be part of g ne? generation

Intelligent Transporiation Svstem (1T8} that 18 to be designed o tabe into

2
o

account the massive influx of low-dala, high-delay and low power transmassions.
FIG. 7 stlosirates an Intelhigent Transporiation Systern (T8} 700 in accordance
with some embodiments. There may be multiple radio aceess technoliogies
{(RAT) available for commumications by V2X UEs 702, such as thoge in FIGE,

b6, V22X UEs 702 {also called on-board wats or OBLUs) may be equipped with

]
4

a range of multiple access technologies for VZX conunumications, using
profocols such as Dedicated Short Range Communication (SRCY, LTE, and 3G
{aleo called new radic (NRYY, sach of which may be direct or network-mediated
communication between OBUs 702 The DERC sutte of protocols s hased on
the FEEE 80211 standards, adding modifications 1o the exchange of safety

36 messages betwesn vehicles and vehicles and road side uniis (R8Us) 712,722
{06861 The types of comnwmications in the FTS 700 may mclude
Vahcle-to-Vehicle (V2V) communications, Vehicle-to-Infrastructure (V21
comununicanions, Vehicle-io-Metwork (V2N commuications and Vehicla-fo-

Podestrian (V2P coromurpeations. The commmications may occur over a PCS

20
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reference point. YV 2X applications in the VZX Uls 702 may communicate with
other vehicle-based V2X gpplications (V2V conwmmicationsy, V21
COMTTIMICALIONS may myvolve convmumications with g RSU 712,722 and VIN

conununicatons may mvsive conununications with an eNB {or E-UTRAN)} o

(4]

e
it

provide vasious V2X sgrvices. The communications among OBLs 702 may be
coordinated by a traffic management server 704
{0081 VTS applications roay rely an the concept of situation of o~
operative awareness, which is hased on pariodic and eveni-driven broadcast of
basie safety mmessages (BSM} for V2V, V21 and VIP transmussions. Such

(0 iransnussions may thus be based on primarnily broadeast capability between
vehicles or between vehicles and vulnerable road users {e.g., pedesintan, cychisty
The transmissions may, for example, provide information about focation,
veloeity and direction, which may be used to avord accidents, The short
messages {B5M)Y may be useful locally to wdentify situations that require aciion

15 {2.g collision wartung, eroergency stop, pra-crash waming, ete.} within very

short mtervals {eg. 2010 100 msec)  As such, mumnuzing the overhead

mvolved o enabling scalable transmission and reception of B&Ms 13 one of the

challenges to support V2X (V2V, V2 and VZP) over cellular systems,

Broadeasis, however, are not the only fransmissions between the GBUs 702

26 wucast messages may also be communicated between the various OBRER 702
{082 Y21 transmission may be provided between a vehicle and UE

(RBLU) V2ZMN transnussion nway be between a vehicle and a V22X application
server. A V2X Application Server may be able (o support multiple VZX
applications. A RSU may be used 1o eZend the range of 3 V2X message
25 received from g vehicle by actng as a forwarding node {e ¢, repeater). V2I mav
mnclude conumumication betweaen vehicles and traffic conirol devicas, such ag in
the viciety of road work, VIN may also mclude commication between
vehicle and the server via the 4(/50 network, such as for raffic operations.
Thus, an RSU may support V21 service that can transmit to, and receive froma
3¢ UE using V21 applications. In various embodiments, the RSU 712, 722 may be
mmplemented 1o g oNB or a stationary UE and roay cordaim some o7 all of the
components chown in FIGS. 2-6. The RSU may rebroadeast V2X messages for
other vehicles (VIV}, pedestrians (V2P), or various networks systems (V2

using a multimedia broadcast ydticast service {MBMS) for LTE as described,

21
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28}

30

for exarople, it 3GPP TR 23.785 entitied study on architecture enhancements for
LTE support of V2X gervices V1.0.0 (SP-160321) published on June 15, 2016
{00831 To support coromumcations the RSYU may mnclude a VIX
application server integrated with an eNB. The RSU mav in some embodiments
also additional network components, such as a local gateway {LGW)Y and
muitimnedia broadcast multicast service gateway (MBMS-GW) coupled to a
mobility roanagement erdity (MME) and the evolved sniversal mobile
telecommunications system {(UMTS terresivial radio access {E-UTRAM}
sysiems and that convects (o g broadeast mmiticast service center (BM-SC).
{3841 The VX commounications may be generally bidirectional, e g,
V2F and V2N also involve the infrastructure sending messages 1o the vehicles,
The UE may obtain authorization fo use VX communicaiions over the PCS
reference pouyt on a per public land mobile network (PLMN) basis in the serving
PLMN by a VIX Control Functiorin the Home PLMN (HPLMN} througha V3
reference point. The VZX Control Funclion may be connected with the HES
over a ¥4 merface. The HSS may be connected with the EPC. The VX
Control Function roay request authonzation information from a V2X Control
Function of the serving PLMN. The V2X Control Function in the HPLMN may
combine authorization information from the home and serving PLMNs,
Authorization may be revobed at any pomt by erther V22X Control Funchion,
The V2X Control Function voay cormmurucate the combined authonzation
information to the OBU 702 and/or revocation,

[08E] The PCS reference point may be used to provision the {BU 702
with various pieces of moformation for VZX conwnunications. This mnformation
may wnclude the authorization policy, radio parameters and policy/parametsrs for
V2X communication. The authorization policy may mdicate PEMNg m which
the OBU 702 i3 authorized to perform V2X coromurieations over the PC3
reference pomt when served by the E-UTRAN and otherwise whether the OBU
702 15 authorized to perform VZX conununications aver the PUS reference poirt
{t.2., when not served by the E-UTRAN}. The radio parameters may mclude
those m a particular geographical area o be configured m the OBU 702 10 be
abie parform V2X commmmucations over the PCS reference point when nod
served by E-UTRAMN. The policy/parameters may inciude the mapping of
Destination Layver-2 IB¥s) and the V2X cervices, e.g PSID or ITS-AIDs of the

oy
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WV2X apphication. as well as the mapping of ProSe par-packet prionty and delay
budget for V2X communication.  Additional mformation may be provisioned 1o
the OBU 702 regarding VIX convounications over the LTE-Uu reference point
between the 3BU 702 and the E-UTRAN.

5 [0086] Az above, a OBU 702 may be equippad with muluple
fransceivers sach operating in a ditferent specinum band (or a selectable
transceivery. However, interoperability issues may exast ian F'TS, bothuas
differens GBUs 702 may be able to commumicate {due to limited multi-modes
being able to be supported) on ooly some of the RATS 1o be used in the [T,

t¢  which may be dependerd on the choice of operator, and due to the difficolties
between different protocols, leading 1o corpmmunicaiion 1ssues hetween RSUs
712,722 In pasticolar, while the cellnlar (e.g. LTE or 5G) protocols defined in
3GPP are curvently being enhanced 1o support V2X corpmumeations and meet
key performance indicators (KPis), such as latency and dais rate, the different

15 types of R8s 712, 722 may not be communicate due to the use of different
protocols, making communication between the RSUs 712, 722 difficudt. Thas
mieroperabibity among RSU may further delay handover of V22X services, if
desirabie.

{08871 The description herein may refer primanily o unicast message

20 transroission bebween the network and a mobile oulh-mode OBU 702, When
the OBU 707 13 m DSRC coverage, the OBU 702 15 able 1o send o and receive
data from a DSRO RSU 712; when the OBU 702 is in 54 coverage, the OBU
702 iz able to send to and receive data frony a celludar RBU 7220 A multi-mods
OBU, such as OBU 702, mav be sble 1o support 3G, LTE, DSRC RATs when o

25 S/LTE coverage andd no coverage in DSRC and cuwrrently is receiving VZX
sarvices on SG/LTE. Unfortunaiely, due to the aforementioned interoperability
issues between protocols, as the OBU 702 moves frow cellular coverage towards
DSRC coverage, the network roav be unable to deternune that the OBLU 70215
endering BSRE coverage and/or make handover decisions hased on R8U

3¢ characierisiics or loading. The consequence of this is that the cellular RSEF 722
roay be unable to offload any V22X services for the OBYU 702 to the DSRC 712
i a timely manner. In some embodiments. even after this information 15
provided and some of the VIX services offtoaded to the DRRT RSU 712, the
OB 702 wmay continue 1o camp on the cellular RSU 722, & suwmlar symanettic

23
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issue mayv also arise when the OB 702 transitions from D8RO coverages to
celtular coverage (no DSRO coveragel.
[H8%] In additon o areas of no coverage overlap, 1 some situations,

muitiple types of coverage areas may overlap, In this case, as the OBL 702

(4]

moves betwaen cellufar (3GPP - LTE, 3G and DSRC coverags areas, the
networks mav wish to direct devices amoung the different RATS 1o, for example,
ensure proper load balancng Additionally, the OBU 702 may move frontan
area of no DSRL coverage 1o an area of DSRC coverage while VZX
conymunication is faking place using 2 3GPP RAT. In this use case, the 3GPP
0 RAT may wishuio offload VZX conwounication soon after the OBU 707 enters
the DSRC caverage area, as determinad by GPS or other location determination
fechniques. In these situations, 54v/LTE networks may trigger a V2X offlcad
procedure using one or more RRC or NAS megsages from the LTE/SG RSU 722
o the OBU 702, The RRC message may indicate which V22X services are 1o
15 operation for the OBU 702, The V22X offload procedurs may indicate fo start
using the V2X services from the DSRC BSUs 7120 Similarhy, the DSRC REU
712 may determine that some of the V2X services are 10 be officaded. o thas
case, the DSRL RS 712 may transmit an offioad message using a VZX WME
six that the OBU 702 starts 1o receive the V2X services from the ETE/SG RAT
i RSLI722
{088 This is shown m FIG. 8A, which iHustrates an VTS prior to
officading according 1o some embodiments, and FIG. €8, whuch dlustrates an
ITS after offloading according to some embodiments. FIG. 9 idhastrates a
roessage Jow according 1o some erohodirents. As illusirated FIGS. 2A and 8B
25 may inchude an IS 800 that includes both a BSREC RSU 412 and a cellular REYU
%22, The message How 900 may be among the DSRO RSU 812, the celiular
RS 822, and the OBU 802 shown m FIGS . 84 and 8B, In FIG. 8A, an OB
802 voay be camped on the cellular (SG/UTEY RSU 822, Likewise, the message
flow 900 of FI( 2 shows the OBU 210 camped on a 3G RSU 920 at operation
3¢ 902, The OBU 918 may recaive and/or transmit V2X data with the celtular RSU
Q0. Here, as throughout ths descripnion, each of the varous devices may
encade data for fransnussion as used by the particular protocol and may
stnilarly decode received data from another of the devices, At this pomni, the

(BE 910, alihough capable of recetving signals from both the cellnlar RSU 920
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and the DSRC RSU 930, may not have BSRL coverage and thus may perform
measurements on the celhular REU 920 and provide the measurements {o the
celtular RSU 920,

190901 As shown i FIGK. 8A and 8B, the DSRC RSU 812 and the
celbilar RSU €22 mav be connected through an X2 backbons. The BERC RSU

(4]

&12 voay provide nformation to the cellolar RSU 822 such as DERC RS
capahility and loading, among others. fn other embodiments, the source RAT
{(irs thus case the celllar REU 822} may be able to obtam the mformation of the
target RAT (o ths case the DSRE REU 812y used for offtoading via one of a

t0  mursher of methods, ncluding via a RAN IF, a core nepwork endiey, or g V2X
function.
{00911 Eventually, the OBU 914 may reach an area in which DSRC
coverage is avalable, in addifion (o remaireng camped on the celinlar RSU 924
As shown i FIG. 2, the cellular RSU 920 mayv configure the OBU 210 for

15 measureroenis at BRSO frequencies over which the BRRC RSU 930
conwvunicates at operation Y04, This rmay permid the OBU 910 {0 sean for
particular controd or data sigoals either continuously or at predeteronined
miervals at the indicated frequencizs. The message may include the Wireless
Access in Vehicular Environment (WAVE} Basic Bervice Set (BES)Y 1D of the

23 DSRE RSL 938
{30921 The DRSC information may have been provided to the cellular
REU 924 from the BSRC RSU 930 over the X2 backbone. In some
embodiments, the cetlular and DSRC R5Us may operate over entirely different
frequency ranges. The cellular RS 920 may configure the OBU 210 with the

25 channel{s} to measure including one or more of the DSR{ channel type {e.¢.,
Control Channel (CCH Y Shared Channel (SCHY and/or channel number In
addition, the celhudar RSU 920 mav configore the OBU 910 for the tvpe of
measurement, which may be selected from one or more of received signal
strengih ndicator (RS8R, signai-to-noise ratic {SNR), signal-to-mierference

3¢ ratio {(SIR), or signal-to-interference-plus-noise rafio (BINR), among others. The
cellular RSU 920 may configure the OBYU 910 regarding how often to perform
the measurement in a predetermined time period (2.2, asingle frame), e ¢, a
single occasion or periodically at specific imtervals. When muoluple
measurements are performed on different DSRO channels, the tvpe of

IR
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measurerent and/or periodicity mav vary among the DSR channsts. In soms
cases, the measurements of each DARC channel may be independent of each
other DSRC channel. In some embodimentds, the measurements taken w at least
some of the D8RO channels may be inderdependent — atther the same tvpe and/or
5 periodicity or complementary (£.z., same periodicity but different tvpe when the
DERC channels fulfill a particudar relationship to each other).
{0931 The configuration of the OBLU 310 by the cellular RSU 220 may
occur when the ORU 9190 15 determingd to have reached the DSRE coverage
area {by the location information) or may ocour prioy to the OBU 910 entening
to  the DSRU coverage area, for example, which may be estimated by the celiular
RSU 920 or network based on the OBU location, speed and direction. In
addition to the measurement configuration, the celfular REU 920 may provide a
reporting configuration for the DSRC RSU 930 1o the OBU 10 inthe same or a
differerd RRC message. This may perroit the OBU 210 to avoid other reporis 10
15 the cebiular RSU 920 from other OBUs. The reporting may be periodic (i.e,
e dependent) or event-driven. Le., a partienlar weasured signal {such as
RS\ reaching a predeteroined threshold, The evert-driven threshold may be
fiased on the VZX services being rendered by the cellular REU 520
80941 The GBRU 910 may perform measuremants on signals reference
2 tor other predeterouned data and/or control signale) fromthe DSROC BSU 930 at
operation 906, m addition to those of the cellular RSU 920 As above, the
measurerments and reporting of signals of the DSRC RSU 930 may be performed
inn accordance with the information provided to the OBU 914 1n operation Y4
The OBL 910 may thus perodically scan to monuor DSRC actvily on various
25 channels. such as controd and service channels,
{0895] At operation Y18, the OBU 910 may repost the DERC
measurernents (o the cellular R8I 920, The OBU 910 may send the wnformation
ahout the presence of DSRC activity {as RSSI report for example) to the celiular
RBU 924 as a measurement repori. The celiular RSU 920 may use this
3¢ information to allocats radio resources for the OB 910, The OBU 910 may
generate the report eordenmporanecusiy with the measurement, 1 a dynanue
fashion so that each measurement 15 reporied mdividually, or may aggregate the
measurements wirlil a predetermuined event cocurs in 8 log file and wransmt the
iog file when the predetermomed event occurs. Whether the measurernent is
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reported individually or aggregated in a fog file, the predetarmined event may be
a predetermuned time period expiring {which resets after ransmussion of the log
file}, a predetermined number of measurements 18 performed and/or a particular
measurement on any or ong of more spectiic BRSRC channels reaching a
predetermined threshold {which may be different for the different DERC
channels}, among others,

{30961 T some embodiments, the OBY 910 may not be atiached 1o the
DSRO RJU 930 and thus the DSRT measwrsmends nay be provided from the
OBU 910 {0 the cellalar RSU 920, The OBU 210 ruay also provide the cellular
RSU 920 with the location of the OBU @10 when the measurernent was taken, as
well as the timne when the measureioent was taken. The OBU 910 may, for
example, transmit GPS or other location-based measurements to the cellolar
RSU 920, The OBU 910 may calculate the OBU location based on
measureroents aken by the OBU 210 and send the OBU location to the cellular
REU 924, or may transnut the measurements to the cellular REY 920 for the
cellular REU 920 or network entity 1o determune the OBU location.

{7 The celtular RSU 920 mav deteroune, based on the OBU
{ocation, and/or other mformation, such as load balancing and/or measurement
reports, whether officading of the ongoing V2X service for the OBU Y1t is
appropriate. With regard to the loading of the ditterent RSUs, the celhular RS
920 gy make such a determination, for example, based on the lnading of the
cellutar RSUJ 920 alone or the DSRC RSU 230 alone (if the mformation is
available} or may take o the loading of both the cellular RSV 920 and the
DSRC RSY 930

{0981 in embodiments in whuch the OBY 910 15 able 1o be provided
V2X service by multiple cellular and/or BSRC REUs, the loading of all or some
of the cellular and DSRC R8s, For example, the cellular RSU 920 may bmit
taking o accomd the loading of DSRC RSUs 1o ondy those DSRC RSUs
whose {power a1 other} measurements, as measured by the OB 210, are above
a minimum threshold and that are able to provide the V2X service. In some
cases, g particular DSRC RSU may be unable to provide the desired V2X
service, in which case the celiular RSU 920 may avoid offioading the VZX
service o the particular DSRC REU. Sinuiardy, the cellular RSU 920 mav

determune o which DSROC REU {or even whether) to offload the V2X servige, if

27



WO 2018/005531 PCT/US2017/039554

(4]

2
o

36

muitiple DSRL REUs arg able 1o adequately provide the V21X service. For
example, the cellular RSU 920 way determine to which DSRC RSU 1o offoad
the VZX service based on a comparison of the loading of the DSRC RSUs.
{0991 At operation 912, the celhilar DSRC RS 920 may request
offlcading information from the DSRC REY 930, The wformation may include
various parameters used to provide V23X and other services. These parameters
may inchude freguency and charmel configurations for the DSRC REU 930,
tming adveriisement, and master information black (MIB) for the V21X services
0 be offfoaded using the Offload Conwmand. The cellular DSRC RSU 820 may
identily the V2X services to be offloaded usimg a provider service wlentifier
{PSID) for each of VZX serviges. In some embodiments, aperation 912 mayv be
performed by the celhular DSRC REU 920 in response to making the
determmanation to offload the VIX cervices to oblam the moost recent DSRC
parameters. In sone embodiments, operation 912 may be performed before the
reporting of operation 908, In sone embodiments, operation 912 may ba
avoided it for example, the cellular DSRC RSU 920 has performed the same
operation for a different OBU 910 within a predeterromed tume period,

{03100} in some embodiments, the DSRC RS 930, during operation
212, may determing whether one or more of the VZX services are accepied and
indicate this to the celldar DSRO REU 920, In some embodiments, the DSRC
RSL 930 may not support some of the V2X services (o be ofticaded or roay
it the offlnading due to load balancing issues itseff. In some emboduments,
the DSRE RSU 930 may merely accept the officaded V2X services without an
mdicanon of geceptance being provided 1o the coliular DSRC RSU 920,

190161} In some embodiments, after making a deternunation to offload
the V22X service, the celhdar DSRC REU 920 may send at operation 914 &
corttrol message to the OBU 910 through the cellular RSV 920, In some
embodiments, the control message may be. for exarpple. an RRC roessage. The
control message may instruct the OBYU 910 that the ongoing V2X service is
going to be or has been offivaded 1o the nearby DSRC RSV 930, In the {ormer
case, the control roessage may ndicate the tiroe when the offfcading 13 to ocour,
The oftioad command may include parameters such as the DSRL frequency and

COH/SCH information, Timing Advertisement, MIB, and others.



WO 2018/005531 PCT/US2017/039554

[MEEOZ] In response o reception and decoding of the control message that
contains the offioad conymand, the OBU 910 may svuchronize o the DSRC
RSU 930 at opergbion 916, After svnchronization, the OBU 210 may continug 1o
conununicate the V2X traffic, which had besn commurecated via the cellular

DSRC REU 920, using the DSRC BRSU 930

(4]

{08163] T addition to offtoading, shared spectrum {e.g. 1o the 5.9 GH»
band) between DERC technology and 3GPP V22X technologies roay be used by g
variety of co-eisting V22X UEs, including DSRC only V22X UEs and muli-
mode V2X UEs {which wmay use DSRC, 3GPP LTE, 3GPP SG frequencies),

t0  The network {an eNB or cellular RSUY roay cordrol and coordmate
measurenents on BSRE channels as well as reporting formats and modes for
multi-mode UES.

{80104} As desertbed, in some embodiments above, the multt-mode VIX
UE mav parodically scan 1o roonitor the DSRUO activity on the condrol and

15 service channels. The nwlu-mode VZX UE mav send the information about the
presence of DSRO activity {as RSSI report, for exarople) to the cellular RSU, an
MNP or another VIX UFE as g measurement report. The eNB, for example, may
use the measurement mfnrmation to efficiently aliocate radio resourcas for 3GPP
UEs.

0 [OB16R] In some embodiments, the measurernent may be sent in a sidehink
buffer status report (BRR)Y MAC control elernent in a MAC PDUL In some
embodiments, the measurenent may be serd 1o a BSRE MAC control element
The BSR MAC PDU may mclude parameters of BSRC activity in the range of
the VZX UE. The iforreation sent from ¥ 2X UE to the network for channel

25 allocation may inchude the Logical Channel Group ID (L{4G 1D} and Buffer
Size. The LCG 1D may identify the group of logical channel{s} for which buffer
status i3 bemg reported. The length of the field may be, for exarople, 2 biis, The
Buifer Size field may wentify the total amourd of data available across all
ingical channels of a LUG after all MAC PDUs for the transmission fime

3¢ interval £1T1) have been buiit. The amount of data mav be indicated in nomber
of bytes, The length of this feld mav be, for example, © hits.

190106] In addition, either the B8R or the DSRC MAC control element
may further include one or more of DSRC Presence, CCH measwraments or
SCH measurervends. The DSRO Presence may ndicate active DSRC
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commmuucation in the nwbti-mode UE range. The DSR{ Presence may be a
single bit, binary valoe — e.g., setto 07 o indicate no DSRO activity and "V o
mdicaie DSROC activity. The CCH measurements may be roeasurements of the
{{H, which s used for safety messages. As above, the CCH measwemesnt may

e RSSL SMR, SIR and/or SNIR. The SCH measuraments (8CH1 . SCHn),

(4]

which may be roeasurements of g service channel, way be usad for both safety
and non-safety messages. The SCH roeasurement magy be RESE SNR, SIR
and/or SNIR and may be independent of the CCH measwramenis,
HMpEOTT Other fields may, of cowrse, be added. In some embodiments, the
to  V2X UE can choose whether fo inchude the CCH aond SCH roeasurements based
on the value in BSRC presence parameter. if the DSRC presence is setio 1, the
V2K UE may include the COH measurements in the report and if sed to & may
omit the CCH reasurements report. Alternatively, in some erobodiments,
arespective of the value ol the DSRC presence, the VX UE roay include the
15 CCH measswrement if the trapsoit power level measured on CCH 15 above
predeteraned threshold configured i the V2X UE.
R ERY In some embodiments, a legacy RRE measurernent report may be
used 1o provide mitra-frequency measureroends and inder-frequenscy
measurements as indicated in 3GPP T8 36,331, The V22X UE may be further
0 eonfigured to report DARC measurements n response 10 a determimation that the
Y2X UE s V2X capable. The miormation serd from the VIX UE fo the celivlar
KBU nay be the same as above: DSRC Presence. CCH measurements or SCH
MeASUrEments.
EEH B In a manoer sivlar 0 operation 908, the measurements may be
25 reporied in a dynanic fashion or siored locally and then uploaded in response o
a predetermined event. One such event may be that the cellular RSU requesis
the measwrements. The measurements can be accompanied with a date and time
starop. so that the network operator can generate a roap of the channel uiilization
basad on date and times. This may also facibitate channel allocation i a coarser
3¢ manner. Forexample, channels that are under-utilized iny an area can be the first
ones 1o be measurad,
{00310} In addition, the measurements also faciiitate 3GPP REU
deptovment plans as the operators can fearn where there s a lack of DSRC RSU
coverage. Operalors may then use this joformation o arrange additional BSRC
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RELg or celluiar RSUs {or adjust existing cellular R8s to adjust the coverage
providedy,

{06111 In soroe ermmbodiments, the cellnlar RSU roay condigure the V2X
UE for performing and reporting measurerments as indicated above. These
parameters may inciode DSRO chamel type and/or channel number, channel 1o
measure, megsurement tvpe (e.g., RSAL SIR) SNR, SINR}, measurement
frequency {e.g, once or pentodicallyy, and/or measurersend period. Reporting
measurement parametars may include report type, e.g., Dyvnamic/instanianesus
or in g log file (aggregate measurements). I dvnarsic/instantancons, other
parameters may be added, such as when to report: once, periadically or evert
based {such as when the measuremertt reaches or exceads a predetermined report
threshold). 1in alog file, other parameters may be added, such as the V2X UE
focation when the measwrement was performed (Jatitude and longitude) and date
and s, H log fle. additonally, the parameters may mdicaie when 1o upload
the file to the network, such as everd hased {a given number of measuraments is
performed), pertodic, orupon request from the network,

{33124 FiG 10 iHustrates a measurement report Hlow according to some
embodiments. The measurement report flow 1000 includes a omlti-mode
(LTEASG, BEROY VX UE 1010 and an eNB 1020, such as those shown and
described above The message flow 1000 for initiating and notification of
measureroent report may start at operation 1002 with the V2X UE 1016
providing 1o the eNB 1020 an mdicanon of the UE capacity. The UE capacity
message 1002 may include the DERC support information.

{0313 At operation 1004, the eNB 1020 may configure the V2X UE
1010 to report DSRC activity measurements. The configuration data may
melude the performance measurements indicated above. The list of perfurmance
measurements is not complete, other fields may be added. The messages
between the eNB 1020 and the V2X UE 1010 (which may include an
acknowladgement from the V22X UE 1010} are not shown here for converiense.
LR A operation 1006, the eNB 1020 may determine that a
roeasurement report fom the VEX UE 1010 18 desired. Iy response o the
determination the eMNB 1020 mav send a measurement report request to the V22X

UE 1014



WO 2018/005531 PCT/US2017/039554

TR At operation 1008, the VZX UE 1010 may recaive the request. In
response 1o the request, the V23X UE 1010 wmayv generate the report from the
stored file and transout the report in a megsurement report confirmation 1o the

eMB 1020

(4]

{00116} FEG. 11 illustrates a measurement report flow according to some
embodiments. The measurement report Bow HOO meludes a madi-mode
(LTE/SG, DSROYVZX UE 110, an oNB 1126, a MME 1130, a V2X funciion
1140 and a HSS 1150, The VZX function 1140 15 part of the V2 X arclutacte
defined 7o 8A2. The devices shown may be simlar to those deseribed above,
to  Unhike the message How 1000 shown n FIG. 10, the message flow 1100 for
mitiating and notification of measurement report in FIG. 1] may use a V2X
authorization request at operation 1102, Specifically, the VZX UE 1114 may
send a VIX authorization request 1102 to the V2X function 1140,
{0117 At operation 1104, the V2X function 1140 may venfy

15 subscription mdormation for the requested VZX service. In particular, the V2X
fumction 1140 may conwmmicale with the HS8 1050 (o verify the subscription
miormation. The VIX function § 140 may transioi g request for verdfication to
the HSS 1130; the request may contain the PSID of the V22X sarvice as wel as
the ¥V2X 1D,

2 [08118] At operation 1106, the HSS 1150 way respond not to the V2X
function 1140 but to the MIME 1130, Specifically, the HSS 1150 may respond
by sending the V2X data information update 1o the MME 1130, The VZX data
information update may inchide the DSRC support information indicated above.
{0319 At operation 1108, the MME 1130 may commumicaie with the

25 eNB 11Z0. in particular, the MME 1130 may update the eNB 1120 with
miormation about the V2X service that the V2X UE 1010 13 authorized 1o use,
The updaie may wnchude the DSRO capability of the VEX UE 1010,

I 20 At operation 1112, the eNB 1120 may configures the V2X UFE
1010 to report measuwremends. The configuraiion data may include the

3¢ performance measurements above. The list of performance measwements may

mclude other Helds m addition to those discussed above. The messages may

also be sirnilar o those described above,

{00121} At operation 1186, the eNB 1120 may determune that a

measurement report from the V2X UE 1110 ts desired. In response o the
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determunation the eNB 1120 mav send a measurement report request to the VZX
UBE 1116,
{6122) Atoperation 1108, the VZX UE 110 may receive the reguest. In

response 1o the request, the V2X UE 1110 may generate the report from the

(4]

stored file and transmut the report in @ measurement report confirmation to the

eMNB 1120

{023 Thus. the RAN node {e.g., eNB) may be configured as a RSU

{cellular RBU) and may send and recetve V2X messages to and from a V2X UE

The celinlar BSU mav be able (o defect 1 the VIX UE 1o able to receive

(0 roessages from a nearby DSROC REU {near 1o the V2X UE and the cellular RSUY,
The ahility to detect if the V2X UE 15 abis 1o receive massages from the nearby
DSRC RESU may be based on reports recetved from the V2X UE. The reports
may contamn ong or more of a st of DARE RSUs that the UE can bisten to,
power level of the signals received from the DSRC R&Us, channel load of the

15 DESRO RSUs. Basad on the measuremerds, the celiular RSU may decide to
offfoad the V2X traffic to the DSRC RS The cellular RSU may then send a
roessage 1o the V2X UE inggerng the VX UE to start receiving and
fransmutiing the V21X services from the DSRC RSU. The message fo the VZX
UE may be an RRC or Mon-Access Sratum {MASY message. The messags (o

20 the V2X UE may contain the WBSE of the DAR{T RS
0124] The V2X UE mav be nudi-mode, and thus capable of operating
in D8R and 3GPP RAN channels allocated for V2X comomunications. The
V2X UE may collect and transmi DERC channel measuremsents over at least
one 3GPP RAN mterface under control of the 3GPY network, The V2X UE may

25 receive authorization and DSRC measurement configuration information from a
3GPP RAN node. The V2X UE may report measurements in one of more of a
BSE MAC control eleroent, a DSRC MAC control element or a RRC
measureroent report. The measurarsent report sent to the 3GPP RAN node may
inchirde 3 combination of DSRL presence fields, CCH measurements and SCH

36 measurements. The COH and SCH measurements may inchide RESE SNR, SIR

or SNIR. The VIX UE may send measurement reparis pentodically, when

iriggered by an evertt, or when requested by the network., The V22X UFE may iog

measurements in local storage and send a report including a sat of

o
[
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measurermnents. The VZX UE nay associate a timestamp and cirrent location to

sach measurerment 1o an aggregate measurement log file.

{B0125] Examles
{08126] Example | is an apparatus of 8 celhilar roadside vt (RS, the

apparatue comprising: af least one inlerfacs o covynunicale with a vehicle-fo-
arvvthing (V2X) user equipment (V2X UE) and a dedicaied short range
commmyucation (PSR RSYU; and processing circuwtry in conuynunication with
the interface and arranged to; encode data of a V22X service for iransruission to
the V22X UFE on a cellular frequency band, encode DSRC measurement
mtormation for transmission (o the V2X UE through the mterface, the DSRC
measurement information comprising parameters for measurement of DSRC
frequency band signals from the DERC KSU by the V2X UE, decode DSRC
measurements from the V2X UE based on the DSRC messurement information;
deternung whether to offload the VZX service fo the BSRC RSYU basad on the
DSRE measuramenis; in response {0 a deternunation to offioad the V2X service
1o the DSRC KSU, communicate offfoadmg mformation with the DARRC RSU,
the officading iformation tndicating offloading of the VZX service from the
celfular RSU fo the DSRC RSB and after communication of the offloading
information, encode an offload command for transmassion to the VEX UE
through the miterface, the offioad command comprising an dication of
officading of the V2X service from the cellular RSU to the DSR{ RSU.

{127} In Example 2, the subject matier of Example 1 mclodes, wherein
the DSRC measurement mformation comprises D8R frequencies and
parameters indicating timung for measurement by the VX UE at the DSRC
frequencies.

001281 In Example 3, the subject matter of Examples -2 inchudes,
wherain the DSRC measurement miormaion comprises a reporting
configuration for reporiing of the DSRC measurements to the catiudar RSUL
[r129] In Example 4, the subject matier of Example 3 mclodes, wherein:
the reporting configuration mdicates that the DSRC measurement mformation 18

1o bie reported perindically.
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[ E36 In Example 5 the subject matier of Examples 3-4 mcludes,
whereine the reporhing configurathion ndicates that the DSRO measurement
miormation is event-driven.

{00131 In Example 6, the subject matter of Examples 3-5 inchudes,

(4]

wherein: the reporting configuration indicates that individual measurements of
the DSRO mweasurement wnformation are to be reported mndividually.
{0132 To Exanple 7. the subject matter of Examples 3-6 mcludes,
whergin: the reporting configiwation indicates that individual measuremenis of
the DSRE measurement information are 1o be agpregated into a log file and
(¢ reporied o response 1o an occurrence of a predetermined event.
{0133} In Example &, the subject matter of Examples 1-7 inchudes,
wherety: the DSRO measurement information comprises at least one of a BSRC
channel type, a channel nomber, a measorement peniodicity, of a measivement
type
15 [HbEZ4] In Exanple 9. the subject matter of Example 8 includes, wherein
the DSRC measurement coroprises measuremenis on different AR channels,
and the measurement type or measurervent periodicity of the DSRC channels are
mdependent.

{08135] in Example 10, the sobject matter of Example 2 includes,

2
o

wherewny the DSRO measurement compnses at feast one ofl a hst of DSRC
REUs that the VX UFE s able io detect, a power level of each signal received
fromithe DSRC BSUs that the V2ZX UE is able to detect, or a channel load of
cach channel of each of the DSRC RSUs that the VZX UE s able {o detect.
{331.36] In Example 11, the subject matier of Examples 1-10 mcludes,
25 wherein: the offloading information comyprises a channe! configuration, a
frequency configuration, a Tuming Advertizsement and a master information
block (MIB) of the DSRC RSLL
B8137] To Exanple 12, the subject matter of Example 11 inchudes,
wherain: the offloading command comprises the offlnading information.
30 38 In FExample 13, the subject matier of Examplas 112 mclodes,
whereir: the processing circutry comprises a baseband processor, and the
apparatus further coroprises a trangeeiver configured to comnunicate with the

Y2X UE and the DSRC REU.



WO 2018/005531 PCT/US2017/039554

[0 139] Example 14 is an apparatus of a vehicle-to-anyihung {VZX} user
squipmment {V2X UE}, the apparabss comprising. at least one interface fo
commumicaie with a celiular roadside unit {RSUY and a dedicated short range

conumunicaton { PSR REU: and processing cireuiiry in comnmuucation with

(4]

the interface and arranged 10 decode data of a V22X service from the celhidar

RSU on a cellular frequency band; decode BERC measurement information

fromuthe cellular RSUL the DSRO mwessurement information comprising

parameters for measwemsnt of BRSRC frequency hand signals from the DERC

RSU by the V2X UE: encode, for transrmussion to the cellular RSU through the

(¢ nterface. DSRC measurementds based on the DSRLC measurement nformation;
and decode a radio resource control (RBO)Y or Non-Access Stratim (NAS)
message from the cellnlar RSU, the RR{ or MNAS message comprising an
offload convnand, the offload command wiggering the V2X UE to start
corpmricating the V2X service fromo the DARC RSU rather than the cellular

15 RBYU, the officad conumand comprising a Wireless Access i Vehicular
Environment Bagsic Service Set (WBAS) identity of the DSRC RSLL
EEN] In Exarople 15, the subject matter of Example 14 jochudes,
wherein: the DSRC measurement information comprises DSRC frequencies and
parameters ndicating tming for measurement by the VIX UE al the DSRC

0 frequencies.

[0141] To Exanple 16, the subject matter of Examples 14135 includes,
whergin: the DSRC measurement minimanon comprises a reporkng
configuration that mdicates a reporting configuration for reporting of the DSRC
roeasurements to the cellular RSU.

25 [B0342) in Exarmple 17, the subjact matter of Example 16 includes,
wherein: the reporting configuration indicates that individual measurements of
the DSRO messurement information are (o be aggregated inte a log file and
reported in response (o an ocourrence of a predeiermined event
I3 In Fxample 18, the subject matter of Examples 1417 includes.

3¢ wherein the DERC measwwement mformation comprises al least ong of a DSRC

channel tvpe, a chareel number, a measurcment pertodicily, or 4 measurerent
fype.

{08144] in Example 19, the sobject matter of Example 18 includes,

wheremn: the DSRO measurement comprises measurements on &ifferent DSRC

s
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channels, and the DSR{ measurement comprisas at feast one of: a list of DSRC
R8s that the V2X UFE i3 able to detect, a power level of each signal received
from the DSRC RSUs that the V2X UFE is able 1o detect, or a chammel load of
each channgl of each of the DSR{ R8s that the V2X UFE s able to detect.

(4]

{08145] in Example 20, the sebject matter of Examples 14-12 includes,
wherewn: the offloading tormation coraprises a chanmel configuration, a
frequency cordiguration, a Tioung Advertisercerd and a mastar information
block (MIB) of the DER{ RS,

[(15146] In Exarmnple 21, the subject matier of Examples 14-20 mcludes,
t0  whereire the DSRC measurements are provided n at least one oft a butter status
report {BSR} media access control (MAL) control element, a DSRC MAC

controd elemerd or a RRC measurement report.
[08147] To Example 22, the subject matter of Examples 14-21 wncludes,
wherein the DSRC roeasurements are provided in g measurersend report that
15 includes DSRO presence fields, condrol channel (CCH) measurements and
shared channel (SCH)Y measurerpents,
{33348} Example 23 15 a compuier-readable storage medium that stores
mstructions for execution by one or more processors of a vehicle-to-anviiung
{V 23X user equipment (VIX UE), the one or more processors (o configure the
0 YV2X UE o comomureate data of a V2X service with a celhular roadside umit
{RSLDY, generale g dedicated short range commumication {IDSREY measurement
report compnsing DSRC measurements for signals from a DSRC REU based on
DSRE measurement information and DSRC reporting information recetved from
the cetinlar RSU; recerve an offinad message from the cellular RSU, the officad
25 message comprising a Wireless Access in Yehicular Environment Basic Service
Set (WEBE) identity of the DSRC REU and an identification of the V2X service;
and start conymunicating data of the V2X service from the DSRC RSU rather
than the cellular RSU m response 1o reception of the offioad message.
[0 149] In Exanple 24, the subject matter of Example 23 inchudes,
3¢ wherein: the DERC reporting information indicates that mdividual
measurements of the DSRC measurement information are to be aggregaied mio
a log filz and reported in response to an occurrence of a predeternuned event.
{08150] in Example 23, the sebject matter of Examples 23-24 includes,

wherein: the DSRC measorement information comprises, for each of a plurality
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of DSRC channels: a DSRL channel tvpe, a channe! number, a mweasurement
periodicity, a measurement tvpe, 3 Hist of DSRC RSV s that the V2X UE 15 able
o detect, a power level of cach sigoal received from the DSRC RSUs that the
YV2X UK ig able to detect, and a channel load of each channel of each of the
DSRC REUs that the V2X UE is abde to detect.

[08151] To Example 26, the subject matter of Examples 23-25 ncludes,
wherain the DSRC measurements are provided 1o at feast one of) g buffer status
report (BSR)Y media access control {MAC) control element, a DSRO MAL
conirol elerment or a Radio Resource Control (RRO) measorement report,
{6152) In Exarople 27, the subject matier of Examples 23-26 includes,
wherein: the DSRC measurements are provided in a measurement report that
mecludes DSRE presence fields, control channel {CCH) measurements and
shared channel (SCH) weasurements,

{083 Exarople 28 15 a roethod of offfcading a velucle-io-anyilung
{(V2X) service for a V22X user equipment {V2X UE), the method comprising:
comynunicating data of 2 VZX service with a cellular roadside unit (RSUY,
generating g dedicated short range commumication {DSRC) measurement report
comprising DSRC measurements for signals from a DSRC REU based on DSRC
measurement information and DSRC reporting information received from the
cellular RSU recetving an offload wessage from the cellular RSU, the offioad
message compnising a Wireless Access i Vebicular Envirooment Basie Service
Net (WBHSS) identity of the DBERC RSU and an identification of the V22X service;
and starting commuicating data of the V2X service from the DSRT RSU rather
than the cellular RSU o response 1o reception of the oftload message.

[00154] in Exarmple 29, the subjact matter of Example 28 includes,
wheretsy: the DSRC reporting information imdicates that individual
measurements of the DERC measurernent mtormation are 10 be aggregated info
a log fle and reported n response 0 an occurrence of a predeterroined event,
M ERE] In Exanple 30, the subyject matter of Examples 28-29 includes,
whergin: the DERC measwrement miormation comprnises, for each of a pharality
of DSRC channels: a DSRE channel type, a chanpel number, a measureroent
perindicity, a measurement type, a hist of DSRC R8Us that the ¥V2X UE s able

o detect, a powsr level of each signal received from the BRRC RSUs that the
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WV2X UE 15 able to detect. and a channel {oad of each channe! of each of the
DSRC RSUs that the V2ZX UE 18 able to detect.

{156} In Exarople 31, the subject matter of Examples 28-30 mcludes,
wharein: the DSRC measurements are provided in at least one of a butfer status
report {BER} media access control (MAC) contral element, a DSRC MAC
condrol element or 4 Radie Resource Control {RRC} measwwermant report.

[BRIRT] To Fxample 32, the subject master of Examples 28-31 meludes,
whersin: the BSRC measurements are provided in g measuramernd report that
ncludes DR presence fields, controb chanmel (CCHY measurements and
shared channsl (SCH)Y measurerpents.

{D0158] Fxample 33 15 an apparatus of a vehicla user equipment {V2ZX
UE), the apparatus compnsing: means for comimmicating data of a V2X service
with a cellubar roadside vt (RSUY, mweans for generaling a dedicated short range
communucation (DSRO) measwremend report comprising DSRE measurements
for signals from a DSRO RSU based on DSRO measurement information and
DSRO reporting information recetved fromthe cellular RS wmeans for
recetving an offfoad roessage from the cellular RSU, the offload message
comprising 2 Wireless Access in Velucular Environment Basic Service Set
{WEBBS) identity of the BSRC REU and an identification of the V2X service;
and means for starting coramumeating data of the VX service from the DSRC
RSU rather thao the cellular RSU i response to reception of the officad
nessage.

MpERY] In Example 34, the subject matier of Example 33 includes,
whereire the DERC reporting inforroation indicates that individual
measurements of the DBRRC measurement information are (o be aggregaied into
alog filg and reportad in responss to an ocogrrence of a predetermined event,
[08160] To Example 33, the subject matter of Examples 33-34 includes,
wherem: the DRSRC measurement miormation comprises, for each of a plurality
of PSR channels: a DSRE channe! type, a channe! number, a mweasurement
periodicity, a measurement tvps, 8 Hist of DSRC REUs that the VZX UE is abde
o detect, a power level of cach sigoal received from the DSRC RSUs that the
YV2X UK ig able to detect, and a channel load of each channel of each of the

DSRC RSz that the V2 X UK 15 able 1o detect,

L
)
e
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j0ist] In Exanple 36, the subyject matter of Examples 33-35 mncludes,
whergint the DARC measurements are provided in at feast one oft a butfer statug
report {BSR) media access control (MAL) control element, a BSRC MAC

control elemert or 2 Radio Resource Control {RRCY measurement report.,

(4]

{08162] in Example 37, the sebject matter of Examples 33-36 includes,
whereny the DSRC measorements are provided in a measurernent report that
meludes DSRC presence fields, control channel {CCH) measurements and
shared channel {SCH) measurements.

[(5163] Example 38 1o at least one machine-readable mediom including
t0 ostroctions that, when executed by processing curcuitry, cause the processing
circuiry 0 perforn operations to implement of anv of Examples 1-37.
{00164} Example 39 13 an apparatus comprising means {o implement of

any of Exaroples 1-37,

HEUTST Exarople 40 15 a systers to implement of any of Examgples 1-37
15 [ GG] Exarople 41 i5 a method 1o implement of any of Examples 1-37.
6T Although an embodiment has been described with reference 1o

specific exaraple eroboditeerds, 1 will be evident that vanous modifications and
changes may be made to these embodiments withow departing from the broader
scope of the present disclosure. Accordingly, the specification and drawings are
20 o be regarded in an Ylustrative rather than a restrictive sense. The
accompanying drawings that form a part heveof show, by way of ilhustration, and
not of hmitation, specific embodiments inn which the subject matier may be
practiced. The embodiments tustrated are described tn sufficient detatl {o

enable those skilled 1 the art 1o pracuice the teachings disclosed herein, Other

]
4

embodiments may be utilized and derived therefrom, such that structural and
fogical substitutions and changes may be made withowt departing from the scops
of this disclosure. This Detailed Descoription, therefore, 1s not o be takenin g
Hmiting sense, and the scope of varous embodiments 18 defined only by the
appended claims, along with the full range of equivalents to which such clains
36 are enfifled.

[0168] The subject matter may be referred {o herein, mdividually and/or
collectively, by the term “embodiment” merely for conventence and without
mtending to vohuntanly limit the scope of this apphcation o any single inventive

concept i more than one 15 1 fact disclosed. Thus, although epecific
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embodimente have heen tllusirated and described herain, it should be appreciated
that any arrangernent calculated to achieve the same purpose may be substiuted
for the specific embodiments shown, This disclosure 1 intended fo cover any
and all adaptations or variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically described herein,
will be apparent to those of skill i the art upon reviewing the above description.
{0169 o this document, the terms "a" or "an” are used, as 18 common in
patent documents, 10 mclude one or more than one, independent of any other
nstances or usages of "at least one” or "one oy more” In this document, the
termy "or" is used fo refer (0 a nonexclusive or, such that "A or B moludes A
but not B, "B but not A" and "A and B.” unless otherwise mndicated. In this
document, the terms "including” and "in which™ are usad as the plain-English
equivalents of the respective fermes "comprising” and "wherein 7 Also, in the
folowing claims, the terros "nchuding” and "comprising” are open-ended, that
18, a sysieny, LUE, article, composition, formulation, or process that includes
slements in addilion 1o those hsted after such atermiin a claivm are still deemed
o fall within the scope of that ¢l Moreover, in the following claims, the
terms “first" "second.” and "third,” etc. are used merely as iabels, and are not
miended o impose numerical reqoiraments on their objects.

[08176] The Abstract of the Dheclosure i3 provided to comply with 37
CFR 8172}, requning an absiract that will allow the reader to quickly
ascertam the nature of the technical disciosure. H 15 subnutied with the
understanding that 1 will not be used to interpret or Himit the scope or meaning
of the clatms. Yo addmion, i the foregoing Detaded Description, 1t can be seen
that vartous features are grouped togethar in a single embodiment for the
purpose of streamlining the disclosire. This method of disclosure 13 not to be
mierpreted as reflecting an wriention that the caimed evobodimnents reguire more
features than are expressiy recited n each claim, Rather, as the following claums
reflect, inventive subject matter fies i less than all features of a single disclosed
embodiment. Thus the following clatms are hereby incorporaied into the
Detated Description, with each claim standing on 11s own as g separaie

embodiment.

41



WO 2018/005531 PCT/US2017/039554

CLATMS
What 1s claimed is:

1. An apparatos of a ceihidar roadside wnit {REU), the apparatus comprising:

L

at teast one interface to commumicate with a velncle-to-anything (V2X)
user equupinent {V2X UE) and a dedicated short range commumication (SR
R5E: and
processing cirouitry n comwnunicaton with the miterface and arvanged o
encode data of a V22X service for transrission to the V2X UE on
10 a caetlular frequency band;
encode DESRT measurement information for transmission to the
Y22 UE through the wterface, the DBSRO weaswwement nformation
comprising parameters for measurement of DSRC frequency band
signals {rom the DSRT RSU by the VIX UE;
£s decode DSRC measurerpents from the VZX UE based oo the
DSRE measurement imformation
determine whether to ofticad the VZX service to the DSR{ RSU
based on the DERT measuremenis;
w response 10 a determimation to offfoad the V2X service o the
24 DSRC RSU, coromurucate offloading imdforroation with the DSRC RSUL
the offlsading mformation mdicating offloading of the V2X service {rom
the celhular RSU to the DSRC BSU; and
after commurnication of the offfvading inforruation, encode an

offinad command for transnussion 1o the V22X UK through the interface,

]
(4]

the oifload comumand compnsing an ndication of officading of the V2X

service from the cellular RSU 1o the DSRO RRLL

3

The apparatus of claim 1, wheram

the DSRO measvrement wnformation comprises DSRC frequencies and

36 parameters indicating toung for measwrerpernd by the V2X UE at the DERC
frequencies.
3 The apparatus of claim | or 2, wherein:
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the DSRC measurement information comprises a reporiing configuration

for reporting of the DSRC measurements 1o the cellular REU

4. ‘The apparatus of claim 3, wherein
3 the reporting configiration indicates that the DSRC measurement

mformation 18 1o be reporied pertodically.

N The apparatus of claim 3, wheremy
the reporting configuration mdicates that the DARC measurement

t¢  information is event-driven.

6. The apparatus of claim 3, wherein:
the reporting configuration mdicates that individoal moeasurements of the

DSRO measurarpernd information are 10 be reporied individually.

13
7. The apparatus of claim 3, wherein
the reporting configuration mdicates that individual measurements of the
DSRC measurement information are 1o be aggregated o a log file and reported
i response 1o an ocawrrence of a predeierminad event.
28}
8 The apparatus of claim | or 2, wheren
the DSRC measurement information comprises at least one of g DSRE
channel type, a channel number, a measwrement periodicity, or a measurement
ivpe.
25
9. The apparatus of claim 8, wherein:

the DARE measurement corpprises measuraments oo different DBSRC
channels, and
the measurement fvpe or measurement pertodicity of the BSRE channels

3G are independent.

16. ‘The apparatus of claim 9, whereine
the DSRC measwrement comprizes o least one oft a izt of DARC RSUs

ihat the V2X 1JE 15 able (o detect, a power level of each signal recaived from the
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DSRC BSUs that the V2X UE 15 able to detect, or a channel load of each
channel of each of the DSRL R5Us that the V2X UE 15 able to detect.

11, The apparatus of claim 1 or 2, wheremn:

3 the oifloading nformation comprises a channel configuration, a
frequency configuration, a Tinung Advertisernent and a master mformation
block (MIB) of the DSRC REY)
1z The apparatus of claim 11, wherem

e the offfcading coromand compnses the offloading miormation.
13, The apparatus of claim 1 or 2, wherein:

the processing ciregitry comprises a baseband processor, and
the apparaius further comprises a transceiver configured 0 conunicaie

15 with the VZX UE and the DSRC REU.

14, An apparatus of a vehicle-te-anvthing (V2X) user equipment (VIX UE},
the apparatus Comprising:
at feast one interface {0 conumunicate with a cellular roadside unii {RSLD
20 and a dedicated short range commurcation {DSRCY RSU: and
processing circuitty 1o comnumication with the mierface and arranged w0
decode data of a V2X service from the cellular RSU on a celiular
frequency band,
decode DSROC measurement intormation from the cellular RSU,
25 the DSRE measurement information comprising parameters for
measarement of DSRC frequency band signals from the DSRC REU by
the VIX UE;
encode, for transmission to the cellvlar KSU through the
interface. DSRO measurements based on the DSRE measurement
36 mformation; and
decode a radio resource control {RRC) or Non-Access Stratum
{MNAS message from the celluiar RRU, the RRC or NAS message
comprising an offload command, the offtcad command irigeerning the

W22 UE to start conwmunicating the VX service from the DSRL RSU
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rathar than the celiular RSU, the officad command comprising a Wireless
Access wn Vehicular Environment Basic Service Set (WRSS) wdentity of

the BSRC RSUD

A1
Yot
W

The apparatus of claim 14, wherein:
the DSRT measurement information comprises DART frequencies and
parameters indicating tiroing for reasurement by the VIX UE at the DSRC

frequencies.

w1, The gpparatus of claim 14 or 15, wheremn:
the DSRC measuwrement information comprises a reporting configuration
that indicates a reporting configuration {or reporting of the DARC measwremenis

{0 the colhudar RS

15 17, The apparatus of clatm 16, wheram:

the reporting configuration indicates that individual measuresments of the

m response 1o an oocwrrence of a predetermined event.

2
o

iR, The apparatus of claim 14 or 135, wherein:
the DSRE measurement information conprises at least one of g DSRL
channe!l tvpe, a channe! mumber, a measwrement perindicity, oF a measurement

ype.

25 1% ‘The apparatus of claim 14, wherein:
channels, and
the SR measurement coroprises at feast one off a list of DSRC REUs
that the V23X UE i3 able to detect, a power level of each signal received from the
3¢ DSRO RSUs that the V2X UE is able to detect, or a channel load of each
channel of each of the DSROC RS Us that the V2X UE 15 able 1o detect,

20, The apparatus of claim 14 or 15, wherein:
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the offloading mformation comyprises a channel configuration, a
frequency configuration, a Timing Adverfisement and a master information

Block (MIB) of the DSRC RSU.

21 The apparatus of claim 14 or 15, whersin,
the DSRT measurements are provided in at least one of a butter statug
report (B8R media access control (MAC) conmtrol element, a DSRC MALC

conttrol element or a RRL measurarent report.

2z The gpparatus of claim 14 or 15, wheremn:
the SR measurements are provided in a measurarnent report that
mecludes DSRO presence fields, control chanmel {CCH) measuramenis and

shared channel (SCH) weasurements,

23, A computer-readabls storage medium that stores 1nstructions for
execution by one or more processors of a velueleo-anything (V2X3 ueer
squipment {V2¥X UE), the one or more processors to configure the V2X UE o

conmumnumicate data of a V2X service with a cellular roadside wut (REU}

generate a dedicated short range communication {DSRCY measurement
report comprising DART measwrements for signals from a DERC BRSU based on
DSRO measurarpent information and DSRE reporting information received from
the cellular R8Y;

receive an officad message from the celhilar RSU the offload message
comprising a Wireless Access 1o Velucular Environment Basic Service Set
{(WBSK) identity of the DSRC RSV and an identification of the V2X service;
and

start compnunicating data of the V22X service from the DSRE RS rather

than the cellular RSU m response 1o reception of the offioad message.

24, The meadium of claim 23, wherain:
the DSRC reporting information indicates that individual measureroends
of the DSRC measurement information are {0 be aggregated mio a log file and

reported in response (o an ocowrence of a predeierninad event.
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25, The madium of clain 23 or 24, wherein:
the DSRO measurement information cornprises, for each of a plurahiy of
D3SRC charmels: a DSRC channel tvpe, a channel nurober, a roeasurement

perindicity, a measurement type, a list of DSRC R8Us that the ¥V2X UE 15 able

(4]

o detect, a powsr level of each signal received from the BRRC RSUs that the
V2X 1E 1 able (o detect, and g channel load of each channel of each of the

DSRC R8s that the V2X UE 15 able 1o detect

6. The medium of claim 23 or 24, wherain:
e the DSRC messurements are provided 1n gt least one of g buffer status
report {BSR} media access control (MAL) control element, a DSRC MAC

conirod element or a Radio Resource Control {RRCY measurement report,

27. The medivm of claim 23 or 24, wherein
15 the DSRC measurements are provided in a measurement repart that
includes DR presence fields, control channel (CCH) measurements and

shared channsl (SCH)Y measurerpents.
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