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LATENCY REDUCTION FOR COMMUNICATION ELEMENTS

This application claums the benefit of U.S. Provisional Application No.
62/291,281 entitled “"LATENCY REDUCTION FOR UE-TYPE ROADSIDE
UNITS,” filed February 4, 2016, which is incorporated herem by reference.
TECHNICAL FIELD

The present invention is generally directed communication systems and, more
specifically, to a system and method 1o reduce latency at a communication element
such as a roadside unit.

BACKGROUND

DPuring Release 12 (Rel-12}, the Long Term Evolution ("LTE”) standard has
been extended to support device-to-device ("D2D7} (specified as “sidehink ™} features
targeting both commercial and public safety applications. An application enabled by
Rel-12 LTE ncludes device discovery, where devices are able to sense the proximity
of another device and an associated application by broadcasting and detecting
discovery messages that carry device and application dentities. Another application
includes direct commumnication based on physical chanunels terminated directly
between devices.

Direct commumnication between wireless devices employing out of network
coverage has become a growing condition for public safety and commercial users.
An obiective of direct communication between non-network devices is directed to
public safety considerations, which may be performed outside or partially within
network coverage. A characteristic of such direct communication is lateney in
communicating or relaying messages. Direct communication without emploving an
mtervening network access point requires detection of proxinity of a public safety or
other user device.

Accordingly, in view of recent changes to standards, there is a need for
improved systems and methods that facilitate direct communication between wircless
devices that support device-to-device features, that can be performed with reduced
latency, and that work in combination with existing communication systems,
SUMMARY

These and other problems are generally solved or circumvented, and technical

advantages are generally achieved, by advantageous embodiments of the present
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mvention for a communication clement operable with a wireless device and a radio
access node. In an embodiment, the communication element 1s configured o provide
a scheduling request to the radio access node to communicate data from the wirgless
device, receive an uplink grant from the radio access node, and provide a buffer status
report to the radio access node. The communication element is also configured to
receive another uplink grant from the radio access node, receive the data from the

wircless device, and forward the data to the radio access node.

In another embodiment, the commumication ¢lement is configared provide a
scheduling request to the radio access node to communicate data from the wircless
device, receive an uplink grant from the radio access node, and provide a sidelink
buffer status report to the radio access node. The communication element 1s also
configured to recetve a sidelink grant from the radio access node, receive the data
from the wireless device, and forward the data to another wireless device.

The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the
invention that follows may be better understood. Additional features and advantages
of the invention will be described hereinafter, which form the subject of the claims of
the invention. It should be appreciated by those skilled in the art that the conception
and specific embodiment disclosed may be readily utilized as a basis for modifying or
designing other structures or processes for carrying out the same purposes of the
present invention. It should also be realized by those skilled 1 the art that such
cquivalent constructions do not depart from the spirit and scope of the mvention as
set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention, reference 1s now
made to the following descriptions taken in conjunction with the accompanying
drawings, in which:

FIGUREs 1 and 2 illustrate system level diagrams of embodiments of
communication sysiems;

FIGURES 3 to 9 illustrate signaling diagrams of embodiments of operations of

a communication system; and
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3 FIGURE 10 illustrates a block diagram of an embodiment ot a commumnication
clement.

Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated, and may not be redescribed in the
mierest of brevity after the first instance. The FIGURES are drawn to illustrate the

16 relevant aspects of exemplary embodiments.
DETAILED DESCRIPTION

The making and using of the present exemplary embodiments are discussed in

detail below. It should be appreciated, however, that the embodiments provide many

applicable inventive concepts that can be embodied in a wide variety of specific
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contexts. The specific embodiments discussed are merely tlustrative of specific ways
to make and use the systems, subsystems, and modules associated with a
commmuonication element operable in a commaunication system.

A system will be described herein with respect to exemplary embodiments in a
spectfic context, namely, a wireless communication syster mcluding a process and
20 method to reduce latency at a communication element such as a roadside unit. While
the principles will be described in the environment of a cellular communication
system, any environment such as a Wi~-Fi or WiMAX communication system that
may benefit from such a system and method that enables these functionalities is well

within the broad scope of the present disclosure.

N2
W

Turning now to FIGURE 1, ilhustrated is a system level diagram of an
embodiment of a convmunication system embodied in an LTE-based network. One of
the potential extensions for the device-to-deviee ("D2D7) commaunication mcludes
support for VZX communication, which includes any combination of direct
commumication between vehicles, pedestrians and network infrastructure. In
30 particular, under the umbrelia of V2X, different types of traffic are considered. As
examples, vehicle-to-vehicle ("V2V7) 15 illustrated through wireless communication
path 110, vehicle-to-infrastructure {"V217) 15 itHustrated through wireless
communication path 120 {(wherein a vehicle 160 communicates with an infrastructure

clement such as a roadside unit 130), vehicle-to-pedestnian ("V2P7) 1s illustrated

|98}
93}

through wireless communication path 130, and vehicle-to-network ("V2ZN7) is

Hlustrated through wircless communication path 140.
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5 Despite the termunology, there may be some overlap between use cases and
specific V2X services. For instance, V2V serviees may employ either a direct link
{("D2D7) (e.g., communication path 120, also referred to as an “interface”™) between
vehicles or an Uu link {e.g., communication path 140, also referred to as an
“miterface”) towards a radio access node such as a base station (an eNB such as an

10 eNodeB associated with an Evolved Universal Terrestrial Radio Access Network),
which in turn can re-route the V2V messages within the ccll, to neighbor cells, and/or
to a V2V server in a core network. Therefore, VZX communication may take
advantage of a network infrastracture when available, but at least basic V2X

connectivity should be possible, even in the case of lack of coverage. Providing an
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L'TE-based V2 X interface may be economically advantageous because of the LTE
economies of scale, and 1t may enable tighter integration between communications
with the network mnfrastructure (V21) and V2P and V2V communications, as
compared to using a dedicated V2X technology.

The VZX communications may carry both safety and non-safety information,
20 wherein each of the applications and services may be associated with specific
equirement sets {for exampie, in terms of latency, reliability, capacity, efc.}. The
European Telecommunications Standards Institute ("ETSI”) has defined two types of
messages for road safety, namely, a co-operative awareness message ("CAM ) and a
decentralized environmental notification message ("DENM™},

The CAM is wntended to enable vehicles, including emergency vehicles, to

N2
W

notity their presence and other relevant parameters in a broadeast fashion. Such

messages target other vehicles, pedestrans, and mfrastructure, and are handled by

their applications. The CAM also serves as active assistance to safety driving for

normal traffic. The availability of a CAM is indicatively checked every 100

30 mulliseconds ("ms”), viclding a maximum detection latency requirement of less than

{or cqual to) 100 ms for most messages. The DENM is event-triggered, such as by

braking, and the availability of a DENM is also checked for every 100 ms.
Depending on the use, the casc latency requirements for CAM and DENM

may vary significantly. As an example, latency may vary from 20 ms {for pre-crash

|98}
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warnings} to 100 ms (for emergency stop or queue warnings}, or 1000 ms (for non-

safety related use cases such as traffic flow optimization, curve speed wamings, eic.).
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The package size of the CAM and DENM varies from 100 to 800 plus bytes and the
typical size 18 around 300 byies depending on the specific V2X use case, message
type {e.g., DENM is supposed to be larger than CAM) and on the secunty format
mcluded 1 the packet (i.e, full certificate or certificate digest). The message 15
supposed to be detected by all vehicles i proximity. The Society of the Automotive
Engineers ("SAE”) also defined a basic safety message ("BSM”) for dedicated shont
range communications ("DSRC”) with various message sizes. According to the
importance and urgency of the messages, the BSMs are further classified nto
different prioritics.

A rcadside unit (“RSUTY 15 as an entity (a communication or ngtwork element
or node} that supports V21 service that can transmit to, and receive from a wireless
device such as a user equipment (“UE”) using a V21 application. The UE supporting
V21 applications sends application layer information to the RSU, and the RSU sends
application layer information to a group of UEs or to a UE supporting V21
applications without necessarily propagating such information to the core network.
For this reason, a R5U is tailored to disseminate local information i a relatively
small arca, for instance, traffic intersections, parking areas. efc.

The RSU functionalities can be implemented either in a radio access unit such
as an ¢NB (eNB-tvpe RSU)Y or m a UE (UE-type RSU). From both physical laver and
layer-2 (i.e., media access control ("MAC™} packet data convergence protocol
{(“PBCP™)) perspectives, the functionalities of an eNB-type RSU and a UE-type RSU
are different. An eNB-~type RSU operates over a Un interface {e.g., communication
path 140 of FIGURE 1} towards UEs and it 18 connected to any other legacy eNBs on
the network via X2/51 mterfaces. A UE-tvpe RSU has a sidelink via a PCS interface
{e.g., commumication path 120 of FIGURE 1) towards vehicles {as in D2ZD
communications such as 3GPP Rel. 12 proxamity services (“ProSe¢”}) and possibly a
connection over the Uu interface towards an eNB. However, from an application
layer perspective, both a UE-type RSU and an eNB-type RSU support V21 use cases.
The V21 use cases arc, for example, emergeney stop warnings, qUeuc warnings,
automated parking systems, efe. In such cases, the vehicles report updates to the
RSU, which disseminates the information in a larger area or io a specific group of

micrested UEs. A RSU can also be used for V2V applications such as pre-crash
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5 warnings, cruise control, for extending coverage and propagate V2V information, or
V2N applications n which case the RSU will propagate a V2N message to the core
network and a centralized V2X server will collect data from a macro area.

Tuming now to FIGURE 2, illustrated is a system level diagram of an
embodiment of a communication systermn embodied in an L'TE-based network. The
16 communication system demonstrates an operating scenario for a UE-type RSU overa
sidelink (“SL”) and Uu operations towards vehicles and E-UTRAN, respectively. As
tilustrated in FIGURE 2, a vehicle 210 makes a sidelink reguest to a UE-type RSU
220 that in turs transmits data on an uplink (UL} to a radio access node such as a

base station 230. The base station 230 communicates on a downhink (“DL™) to

Ju—
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vehicles {one of which is designated 240).

The proximity services (also known as D2D or LTE-direct) technology has
been firstly standardized in 3GPP Rel. 12. The proximity services are designed for a
scenario in which the UEs are semi-static (no-mobility sapport for ProSe) and few
UEs are contending the sidelink. Therefore, even though V2X will target more
20 challenging scenarios {e.g., high mobility in 3 highly loaded network}, V2Xis
imherently a type of proximity service. For this reason, it is natural to assume that the
V2X framework will continue to be developed in 3GPP taking the proximity services
as a benchmark.

In the proxamity serviees, D2D UEs share the same spectrum as the cellular

N2
W

system, for example, by reserving some of the cellular uplink resources for device-to-
device purposes. Allocating dedicated spoctrum for device-to-device purposes is a
less likely alternative as spectrum is a scarce resource and {dynamic) sharing between
the device-to-device services and cellular services 1s more flexible and provides
bigher spectrum efficiency. A transnission mode of sending data during D2D
30 communication may be unicast {a specific UE is the receiver), multicast {also denoted
“groupcast,” a group of UEs are recetvers}, and broadcast (all UEs are receivers},

In the absence of cellular network coverage, D2D data can be sent from one
device to another device without prior arrangement to reduce overhead and increase

communication capacity, which is beneficial in emergency situations. The source

|98}
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device transmits data to one (unicast) or more (multicast/groupcast/broadcast)

devices, without first ensuring that the recipients are available and ready to receive
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the data. Such communication may be used for one-to-one or one-to-many
communication, but it 1s particularly effective for broadcast and group
communication. The communication may be realized, for mstance, via physical layer
{("PHY "} unicast/multicast/groupcast/broadcast transmissions. With PHY broadcast
transmissions, the transmissions may still be tumed mto umcast/groupcast/multicast
communication at higher layers. For exarmple, in the media access control ("MAC™}
layer, multicast or even unicast addresses may be used. Alternatively, if using
broadcast on both PHY and MAC layers, multicast or unicast Internet protocol (¥IP7)
addresses may be used at the IP layer.

One of the ways to efficiently support B2P communication isto use a
scheduling assignment (“SA”), also known as “SCH (sidelink control information)
format 07, followed by the data transmission. The scheduling assignments are control
messages used for direct scheduling of D20 communication. The scheduling
assignments are transmitted by the UE that intends to transmit the D2D data, and they
are recetved by the UEs that are potentially interested in such data. The scheduling
assignments are transmitted on dedicated resources characterized by time and
frequency, and are typically a sparse resource. The scheduling assignments provide
useful information that can be used by a receiver, for cxample, to correctly decode the
D21 data transmission associated with the scheduling assignment {e.g ., the resources
for data transmission, the modulation/coding parameters, timing information,
wdentitics for the transmitter and/or receiver, efc.). The scheduling assignments may
be transmitied prior to actual data transmission, so that a receiver is able to
selectively receive the data based on the content of the assignment. The data
transmissions organized by the scheduling assignments are often referred io as a
“transmission paticrn.”

Turning now to FIGURE 3, illustrated 1¢ a signaling diagram of an
embodiment of an operation of a communication system. The signaling diagram
between a user equipment {designated “UE™), a roadside unit {designated “RSU™) and
a radio access node such as a base station (designated “eNB”) demonstrates latency
that may be induced due to Uu resource allocation. When a UE transmits data to the
network via a RSU, the RSU receives data via a sidelink from the UE and transots

the data to the base station via a cellular hink. Afier receiving data from the UE, the
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RS requests uplink resources from the base station prior to transmitting the data
thereto. The procedure of a RSU requesting uplink resources may include sending a
scheduling request ("5R”) and receiving a corresponding uplink ("UL”) grant, as well
as sending a buffer status report ("BSR”) and receiving a corresponding UL grant.
This procedure will lead to additional delay in the RSU.

Agillustrated in FIGURE 3, the UE 1s coupled over a PCS interface to the
RSV that in turn is coupled over a Uu interface to the base station. The UE transmits
sidelink control information (*"SCI7) followed by data to the RSU. The RSU
transmits a scheduling request ("SR”) to the base station, which responds with an
uplink grant. The RSU then transmits a buffer status report (“BSR™} to the base
station, which responds 1o turn with a further uplink grant. The RSU then transmits
the data to the base station. As shown i FIGURE 3, delays associated with
communication between the UE and the RSU range between 16 and 86 milliseconds
{(“ms™}. In atypical deployment, the delays include 40 ms for the scheduling
assignment (“SA™) period, 8 s for the SCI period, 32 ms for the data period, 10 ms
for the SR periodicity and 3 ms for the UE/base station processing. The uplink block
error rate may be in the range of 10 percent. Given the above counfiguration, an
cstimation of the mean delay due to Uu resource allocation is 24.3 ms.

Turning now to FIGURE 4, illustrated 1¢ a signaling diagram of an
embodiment of an operation of a commumication system. Analogous to FIGURE 3,
the communication system demonstrates the latency when the RSU forwards a packet
to other UEs (such as UE-2) in the surroundings rather than to the base station. The
signaling diagram includes a first user equipment (designated “UE-~17}, a roadside
pait {(designated “RSU™), a base station (designated “eNB™) and a second user
equipment {designated “UE-27). The UE-1 transmits sidelink control mformation
{(“SCIy followed by data to the RSU. The RSU transmits a scheduling reguest
(“SR”} 1o the base station, which responds with an uplink grant. The RSU transmits a
sidelink buffer status report (“SL-BSR”) to the base station, which responds in turn
with a sidelink (“SL”) grant. The RSU then transmits the data to the UE-2.
Analogous to FIGURE 3, the delays associated with communication between the UE
and the RSU range between 16 and 86 ms, and an estimation of the mean delay due to

Uu resource allocation is 24.3 ms. In this case, the RSU may request resources for
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sidelink transmission before transmitting over the sidelink to the UE-2. The latency,
however, may even be higher since the uplink grant provided by the base station
might not be large encugh to allocate a SL-BSR if the UE-1 has also triggered a BSR
{which has higher priority than SL-BSR). Thus, further SR and UL grants may be
needed to finally provide the SL-BSK to the base station.

Ag indroduced herein, when a RSU relays data from a UE to a base station or
to any other UE, there will be some delay in the KSU due to requesting resources for
PC3/Uu transmission. It would be advantageous o reduce or remove the delay. By
more efficiently requesting resources (from the base station) for the Un transmission,
the delay associated with the RSU can be reduced. Optimizing rescurce allocation on
the Uu mterface according to the pattern of the data to be transmitted reduces the
delay and resource consumption.

In order to mprove the delay, the RSU mav request resources for the Un
transmission before it receives the data from the UE. The RSU can estimate when
and the quantity of resources that will be needed according to information in the SCI,
which 15 received from the UE prior to the data. The RSU can also request resources
for the Uu transmussion before it receives an SCI from the UE, which will improve
the performance at the beginning of the data period. The base station can grant
resources to a RSU without receiving any SR/BSR, which further reduces latency.
Separate SR resources can be configured to be used to provide a more suttable uplink
grant by the base station.

The embodiments disclosed herein apply to an RSU that forwards packets
received from the sidelink to base station or to any other UE (with possible
modification of the payload) regardiess of the laver. In particular, the forwarding
opcration can happen at lower lavers (e g., in packet data convergence protocol
{(“PDCPT)), or at higher layers (e.g., IP, in which case the RSU operates as an 1P
router/relay}), or at an application laver implying possible modifications of the
original packet pavicad received over the PCS imterface. For instance, multiple
packets received over the PCS mterface can be bundied into a single UL/PCS
transmission over the Uw/PCS nterface.

Tuming now to FIGURE 5, illustrated is a signaling diagram of an

cmbodiment of an operation of a communication system. The signaling diagram
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mncludes a user equipment (designated “UE™), a roadside unit (designated “RSU™) and
a radio access node sach as a base station {designated “eNB™). The UE transmits
sidelink control information ("SCU) to the RSU. The RSU transmits a scheduling
request (“SR”) to the base station, which responds with an uplink grant. The RSU
transmits a butfer status report ("BSR”) to the base station, which responds in fum
with an uplink grant. Atatime T1, the UE then transmits data to the RSU, which
forwards the data to the base station at a time T2,

When the RSU receives the SCI from the UE, the UE has not requested any
Uu resources for the data associated with this SCI. Thus, the RSU estimates the time
T1 and amount of data (alsc referred to as “DATA AMOUNT”) needed for the
commumication and requests the cellular uplink resources from the base station as part
of the SR and/or the BSR. The RSU estimates the time T1 and the amount of data
according to the information carried by the SCI such as resource block assignment,
modulation and coding scheme, eic.

As mentioned above, the RSU requests the cellular uplink resources from the
base station and can indicate the amount of data for the commumication via a BSR.
The triggering mechanisms for the BSR may be modified to reduce latency. Since
the UE traffic may be suffering from latency issues {duc to the two hops to reach the
base station}, a BSR may be inggered at the reception of the 5CL. Also, a B2D BSR
may be triggered by the RSU if the priornity of the meoming UE traffic is higher than
the priority of other remote-UE packets {possibly belonging to other remote UEs)
currently gueued in a RSU buffer.

As part of the uplink rescurce request, the RSU may estimate when the time
T2 {at which time the R5U can send data to the base station} will occur after the time
T1. The RSU, however, may delay the uplink resource request until it receives a
sidelink-shared channel ("SL-SCH™) transnussion from the UE associated with the
SCI (i.e., the RSU sends the uplink resource request after the time T1).

The RSU may also determine the timing of transmitting a resource request as
set forth below. The RSU estimates a delay trom sending the uplink resource request
to the time when 1t can transmut data using granted uplink resources {(also referred to
as “GRANT DELAY™). The GRANT DELAY should take into account, for

mstance, an estimation of the time it takes to send a scheduling request (5K) until a
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subsequent BSR is granted by the network, as well as the time needed by the RSU 1o
process the uplink grant (in LTE, e.g., 4 ms). The above GRANT DELAY can be
based on historical information. Therefore, the tuming of transmitting the resource
roquest is greater than orequal to T1 - GRANT DELAY.

In another embodiment, upon reception of an SR (and before reception of a
BSR}, the base station sends an uplink grant that is larger for the case that the UE acts
as an RSU as opposed to the case of non-RSU UE. Since the base station as shown in
FIGURE 5 does not know the buffer status upon reception of the SR, the first uphink
grant should be sufficiently large to accommodate the BSR and also some data. Since
it is expected that the RSU buffer will contain more data (both data generated by the
RSU utself and by the UE), the size of the uplink grant should be larger.

In anocther embodiment, the SR is sent before the time T1 on the basis of the
GRANT DELAY estimation, but the BSR is sent after the ime T1. This provides a
better BSR estimation, since from SCI the UE may not be able to leam the prorities
of incoming UE traftic.

In the event that the estimate of the GRANT DELAY 1s difficult to ascertam,
the base station {after sending an uphink grant) assumes that the uplink grant is valid
for longer than 4 ms, and docs not expect the RSU to send the uphink data on the
physical uplink shared channel ("PUSCH”) within 4 ms of the uplink grant reception.
In this way, even if the RSU has not vet received any data from the UE, it can stll
consider that the uplink grant 1s valid for a longer time period without sending
another SR Clearly, the 8 ms hybrid antomatic repeat request ("HARQ™) process
mechanism should be mamtained. In other words, if no data has been received in a
subframe for which the uplink grant is valid. the same uplink grant can be used & ms,
16 ms or so, later. Under this time and before data becomes available at the UE, the
UE may fill the uphnk grant with padding bits or may just skip the grant. In both
cases, it can be configurable for a certain threshold {e. 2., maximum number of MAC
protocol data units (“PDUs”) with padding, or maximum nember of skipped graats,
or a timer) above which the grant has to be considered not valid.

Rather than a dynamic uplink grant as mentioned above, the uplink grant can

be a semi-persistent scheduling (“SPS”) grant that applies to every “n” subframes,
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wherein “n” is the periodicity of the 5PS configuration. Rules for the vahdity of the
SPS grant are as described above.

Tuming now to FIGURE 6, illustrated is a signaling diagram of an
cmbodiment of an operation of a communication system. The signaling diagram
mncludes a first user equipment (designated “UE-17}, a roadside unit (designated
“RSU”), a radio access node such as a base station {designated “eNB”) and a s¢cond
user equipment {designated “UE-27). The UE-] transmits sidelink control
mformation ("SCI7) to the RSU. The RSU transmits a scheduling request (“SR7) to
the base station, which responds with an uplink grant. The RSU transmits a sidelink
buffer statas report {(“SL-BSR”} io the base station, which responds in tum with a
sidelink {(*SL”) grant. Atatime T1, the UE-~1 then transnuts data to the RSU, which
forwards the data to the UE-2 at a time T2, Thug, the RSU forwards the data to other
UEs over the PCS interface rather than to the base station over the Uu miterface. The
delays range from 16 and 86 mg for the UE to transmit the SCI and the data to the
RSU.

Turming now to FIGURE 7, illustrated 15 a signaling diagram of an
embodiment of an operation of a communication system. The signaling diagram
mcludes a user equipment {designated “UE”), a roadside unit (designated “RSU”) and
a radio access node such as a base station (designated “eNB”). The RSU transmiis a
scheduling request ("SR} to the base station, which responds with a first aplink grant
to accommiodate a buffer status report ("BSR™). The UE then transmits sidelink
controf information (“5CI7) to the RSU. The RSU transmits the BSR to the base
station, which responds in tarn with a second uplink grant. The UL then transmits
data to the RSU, which forwards the data to the base station. The delay for the
above-described process can extend from 16-86 ms. When the RSU is predicting
some V2X data from a UE (e. g, triggered by a VZX application) or the RSU intends
to monttor SCI, the RSU can send the SR to the base station o request resources
without recerving any SCl/data from the UE.

The first uplink grant can be used for the whole duration of the SCI period
until a BSR 1s not included i the MAC PDU. Alternatively, atier receiving a certain
amount of MAC PDUs with padding, the first uplink grant may no longer be valid

and discarded. Additionally, the second uplink grant is also not provided. After
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reception of the BSR, however, the second uplink grant is sent for transnussion of
data. Simular rules to those described above can be used to determine the validity of
such an vplink grant. Of course, the rules can be extended to the case in which the
RSU forwards packets to other UEs over the PC5 interface rather than to the base
station over the Un interface.

Turning now to FIGURE 8§, illustrated 1s a signaling diagram of an
embodiment of an operation of a communication system. The signaling diagram
mncludes a user equipment (designated “UE™), a roadside unit (designated “RSU™) and
a radho access node such as a base station {designated “eNB”). The base station
provides a first uplink grant to the RSU even prior to receiving a buffer status repoit
{"BSR”) in response to sidelink control information ("SCI”). The base station can
provide the first uplink grant because the base station 1s aware of SCI time-frequency
resources. After recetving the first uplink grant, the RSU receives the SCI from the
UE. In response thereto, the RSU transmits the BSR to the base station, which
responds in turn with a second uplink grant. The UE then transmits data to the RSU,
which forwards the data to the base station. The delav for the above-described
process can extend from 16-86 ms.

During a “busv period” {e. g, 1f there is no ongoing uplink transmission from
the RSU 1o base station), the base station grants resources to the RSU for
transmission of the BSR. Sumilar rules to those descnibed above can be used to
determine the validity of such an uplink grant. What is described herein can be
extended to the case in which the RSU forwards packets to other Uls over the PC5
rather than to the base station over the Uu interface.

Tuming now to FIGURE 9, illustrated is a signaling diagram of an
cmbodiment of an operation of a communication system. The signaling diagram
mncludes a user equipment {designated “UE™), a roadside unit {(designated “RSU”) and
a radic access node such as a base station (designated “eNB”). The base station
provides an uphink grant to the RSU before a sidelink control information {(“SC1}
period starts. The base station, therefore, preconfigures uplink resources before the
SCI period starts. Such preconfiguration may also contain an offset to mdicate the
subframe from which the preconfiguration starts applving. The preconfiguration can

be provided cither via RRC signaling or by an uplink graot {either dvnanic or SPS)
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on a physical downlink control channel (“PDCCH”). After receiving the uphink grant,
the RSU recetves the 5CI from the UE. In response thereto, the UE then transmits
data to the RSU, which forwards the data to the base station. Again, this can be
cxtended to the case in which the RSU forwards packets to other UHs over the PCS
mtertace rather than to the base station over the Uu mterface. As dlustrated in
aforementioned embodiments, the delays range from 16 and 86 ms for the UE to
transmit the SCI and the data to the RSU.

Dnfferent scheduling requests can be used for the RSU to transmit V2X datato
the base station and for ordinary uplink traffic. The scheduling requests may depend
on characteristics of the uplink data (including V2X data) to be transmitted to the
base station. Once the base station receives a scheduling request, according to the
resources being used, the base station can allocate resources based on {e.g.,
optimized} for the charactenstics of the data. For example, the base station can
allocate a separate scheduhing request to the base station to be used in case the RSU
needs to monitor the SCI and possibly forward data received over the PCS interface
as disclosed hercin. Once receiving a scheduling request in a schedoling request
resource, the base station provides a large enough grant for one BSR and an uplink
grant for data that can be both valid longer than a specitied penod such as four ms.

The base station can also allocate separate scheduling request resources
depending on the size of the data to be transmitted so that the base station can
properly dimension the uplink grant to allow the RSU to include not only a BSR but
also uplink data in the next uplink transoussion. What is described above can be
extended to the case in which the RSU forwards packets to other UEs over the PC3
mierface rather than to the base station over the Uu mterface. For instance, different
scheduling request resources can be dedicated for the sake of sidelink
communications.

In some cases, the RSUs will experience uplink data in different patierns. For
some RSUs, the UE traffic will be busy during certaio time perods of the day such as
710 9 AM and 4 to 6 PM 1 weekdays. The number of UEs communicating with the
RSUs and resulting traffic will be much less during other time periods. For other

RE&Us, there will always be heavy traffic or always be highter traffic. For other RSUs,
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5 there is a high traffic load duning the weekends, but less or no traffic during
weekdays.

A base station can record historical information of uphink traffic from the RSU
and predict the future uplink traffic {e.g., for the next minute or more). If there is no
or very little uphnk traffic from the RSU for the next minute or more, the base station

16 may consider that the RSU is free; otherwise, the base station may consider the RSU
busy. What is described above can be extended to the case in which the RSU
forwards packets to other UEs over the PCS mterface rather than to the base station
over the Uu interface.

Tuming now to FIGURE 10, tlustrated is a block diagram of an embodiment

Ju—
[

of a communication clement 1000, The communication element 1000 may be a
communication node such as a radio access node such as a base station, roadside unit
and/or a wireless device such as a user equipment. The commumication element 1000
mncludes an inierface 1010, a processor 1020, a memory 1030 and an antenna 1040.
These components may work together to provide the communication element 1000
20 functionality, such as providing wireless connections in a wireless network. In
different embodiments, the wireless network may include any number of wired or
wireless networks, base stations, controllers, wircless devices, relay stations, and/or
any other components that may tacilitate or participate m the communication of data

and/or signals whether via wired or wireless connections.

N2
W

The communication element 1000 may be coupled to or a part of a core
network such as one or more Internet Protocol (TP} networks, public switched
telephone networks ("PSTNs™Y, packet data networks, optical networks, wide area
networks ("WANSs”), local area networks ("LANSs”), wireless local area networks
{("WLAN5s"}, wired networks, wircless networks, metropolitan arca networks, and
30 other networks to enable communication between devices.

The components of the commanication ¢lement 1000 are depicted as single
boxes located within a single larger box. In practice, however, the communication
clement 1000 may include multiple different physical components that make up a

single llustrated component {e.g., the interface 1010 may include terminals for

By
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coupling wires for a3 wired connection and a radio transceiver for a wireless

connection). As another example, the communication clement 1000 may be a virtual
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network node in which multiple different physically separate components interact to
provide the functionality thereof (e. g, the processor 1020 may include three separate
processors located in three separate enclosures, wherein each processor is responsible
for a different function for a particular instance of the conununication element 1600},
Similarly, the communication clement 1000 may be composed of multiple physically
separate components {e.g., a NodeB component and a radio network controller
{(“RNC”) component, a base transceiver station (“BTS”) component and a base station
controller (“BSC”) component, efe ), which mayv cach have their own respective
processor, memory, and interface components. In certain scenarios in which the
communication element 1000 includes multiple separate components, one or more of
the separate components may be shared among several communication clements. For
example, a single RNC may control multiple NodeBs. In such a scenario, each
unique NodeB and BSC pair, may be a separate communication element. In some
embodiments, the communication element 10800 may be configured to support
multiple radio access technologics ("RATs”). In such embodiments, some
components may be duplicated {e.g., the memory 1030 for the different RATs) and
some compongnts may be reused (e g., the same antenna 1040 may be shared by the
RATs). The communication element 1000 may be any type of wircless endpoint,
mobile station, mobile phone, wireless local loop phone, smartphone, user equipment,
desktop computer, personal digital assistant ("PBA”}, cell phone, tablet, laptop,
Yoice over Internet Protocol (“VolP”) phone or handset.

The processor 1020 may be a combination of onc or more of a
microprocessor, controlier, microcontroller, central processing unit, digital signal
processor, application specific integrated circuit, field programmable gate array, or
any other suttable computing device, resource, or combination of hardware, software
and/or encoded logic operable to provide, either alone or n conjunction with other
base station components such as the memory 1030, the communication element 1000
functionality. For example, the processor 1020 mayv execute instructions stored in the
memory 1030, Such functionality may include providing varous wircless features
discussed herein 1o a wireless device including any of the features or benefits

disclosed herein.
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The memory 1030 may include any form of volatile or non-volatile computer
readable memory including, without limitation, persistent storage, sohid state
memory, remotely mounted memory, magnetic media, optical media, random access
memory {(“RAM™), read-only memory ("ROM”), removable media, or anv other
suitable local or remote memory component. The memory 1030 may store any
suitable instructions, data or information, including software and encoded logic,
utilized by the communication element 1000, The memory 1030 may be used to store
any calculations made by the processor 1020 and/or anv data received via the
mterface 1010,

The communication element 1000 also mcludes the interface 1010 which may
be used in the wired or wireless communication of signaling and/or data in a
communication systern. For example, the intertace 1010 may perform any
formatting, coding, or translating that may be needed to allow the communication
slement 1000 to send and receive data in the communication system. The interface
1010 may also mclude a radio transmitter and/or receiver {also referred to as a
“transceiver”} that may be coupled to or a part of the antenna 1040, The radio
transceiver may receive digital data that s to be sent out to other communication
clements. The radio transceiver may convert the digital data into a radio signal
having the appropnate channel and bandwidth parameters. The radio signal may then
be transmitted via the antenna 10490 to the appropriate recipient.

The antenna 1040 may be any type of antenna capable of transmitting and
receiving data and/or signals wirelessly. In some embodiments, the antenna 1040
may include one or more omni-directional, sector or panel antennas operable to
transmit/receive radio signals between, for example, 2 gigabertz ("GHz”) and 66
GHz. An onui-directional antenna may be used to transout/reccive radio signals i
any direction, a sector antenna may be used fo transnui/receive radio signals from

Certain aspects of the inventive concept have mamly been described above
with reference to a few embodiments. However, as is readily appreciated by a person
skilled 1n the art, embodiments other than the ones disclosed above are equally
possible and within the scope of the inventive concept. Similarly, while a mumber of
different combinations have been discussed, all possible combinations have not been

disclosed. One skilled in the art would appreciate that other combinations exist and
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are within the scope of the inventive concept. Moreover, as 1s understood by the
skilled person, the herein disclosed embodiments are as such applicable also to other
standards and communication systems and any feature from a particular figure
disclosed in connection with other features may be applicable to anv other figure and
or combined with different features.

Thus, the present disclosure introduces a commumnication element (RSU)
operable with a wireless device (UE) and a radio access node (¢NB), and method of
operating the same. The communication element (RSU) includes a processor (1020),
and a memory {1030} inchuding computer program code. The processor (1020}, the
memory {1030), and the computer program code are colectively operable to provide
a scheduling request (5R) to the radio access node (¢NB) to communicate data from
the wireless device (UE), receive an uplink grant from the radio access node (eNB),
provide a buffer status report (BSR) to the radio access node (eNB}, receive ancther
uplink grant from the radio access node (eNB), receive the data from the wireless
device (UE), and forward the data to the radio access node (eNB).

The memory (1030} and the computer program code are further configured to,
with the processor (1020} cause the communication element {R5U) to receive
sidelink control information (SCY) from the wireless device (UE) prior to providing
the scheduling request (SR) to the radio access node (¢NB). Additionally, the
memory {1030} and the computer program code are further configured to, with the
processor (1020} cause the communication element {RSU) to estimate resources for
the data prior to providing the scheduling request (SR) to the radio access node
{eNB}. The resources may include an estimated amount of data (DATA AMOUNT)
and an estimated time (T1, T2) to forward the data. The estimated time (T1, T2) to
forward the data takes into account a grant delay (GRANT DELAY).

The present disclosure also discloses a radio access node (eNB) operable with
a communication element (RSU) and a wireless device (UE}, and method of operating
the same. The radio access node (eNB) includes a processor (1020}, and a memory
(1030) mcluding computer program code. The processor (1020), the memory (1030),
and the computer program code are collectively operable to receive a scheduling
request {SR} from the communication element (RSU) to communicate data from the

wireless device (UE), provide an uplink grant to the communication clement (RSU},
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receive a buffer status report (BSR) from the communication element (RSU}, provide
another uplink grant to the communication element {RSU), and receive the data from
the wireless device (UE) via the communication element (RS1U).

The memory (1030) and the computer program code are further configured to,
with the processor {1020) cause the radio access node (eNB) to receive the scheduling
request {SR} from the communication element (RSU) in response to sidelink control
mformation (SCI) from the wireless device (UE). Additionally, the memory (1030)
and the computer program code are turther configured to, with the processor (1020)
cause the radio access node {eNB) 1o receive the scheduling request (SR} from the
communication element (RSU) 1 response to an estimate of resources for the data.
The resources may include an estimated amount of data (DATA AMOUNT) and an
estimated time (11, T2} to forward the data. The estimated time (T1, T2} to forward
the data takes into account a grant delay (GRANT DELAY).

The present disclosure also introduces a communication element (RSU)
operable with a wireless device (UE-1) and a radio access node (eNB), and method of
operating the same. The communication element (RSUY includes a processor (1020),
and a memory {1030} inchuiding computer program code. The processor (1020), the
memory {1030}, and the computer program code are collectively operable to provide
a scheduling request (5KR) to the radio access node (¢NB}) to commumicate data from
the wireless device (UE-1), receive an uplink grant from the radio access node (cNB),
provide a sidelink buffer status report (SL BSR) to the radio access node (eNB),
receive a sidelink (SL) grant from the radio access node (eNB), receive the data from
the wireless device (UE-1), and forward the data to another wireless device (UE-2}.

The memory (1030) and the computer program code are further configured to,
with the processor (1020} cause the communication element {(RSU) 1o receive
sidelink control mformation (8CI) from the wireless device (UE-1) prior to providing
the scheduling request (SR) to the radio access node {(eNB). Additionally, the
memory {1030} and the computer program code are further configured to, with the
processor (1020) cause the communication clement {RSU) to estimate resources for
the data prior to providing the scheduling request (SR) to the radio access node

{cNB). The resources may include an cstimated amount of data (BATA AMOUNT)



WO 2017/134578 PCT/IB2017/050542

16

N2
W

|98}
93}

- 720 -

and an estimated time {11, T2} to forward the data. The estimated time (T1, T2} to
forward the data takes into account a grant delay (GRANT DELAY).

The present disclosure also discloses a radio access node (eNB} operable with
a communication element (RSU) and a wircless device (UE-1), and method of
operating the same. The radio access node (eNB) includes a processor (1020}, and a
memory {1030} including computer program code. The processor (1020}, the
memory {1030}, and the computer program code arc collectively operable to receive a
scheduling request (SR} from the communication element (RSU) to communicate
data from the wireless device (UE-1}, provide an uplink grant to the commumication
clement {(R5U), receive a sidelink buffer status report (SL BSR) from the
communication element (RSU), and provide a sidelink (8L) grant to the
communication element (RSU) to allow data to be forwarded from the wireless
device (UE-1} {0 another wireless device (UE-2}.

The memory (1030} and the computer program code are further configured to,
with the processor {1020} cause the radio access node (eNB) to receive the scheduling
request (SR} from the commumication element (R5U) in response to sidelink control
mformation (SCH from the wireless device {UE-1}. Additionally, the memory {1030)
and the computer program code are further configured to, with the processor (1020)
cause the radio access node (eNB} to receive the scheduling request (SR) from the
communication element (RSU) in response to an estimate of resources for the data.
The resources may include an estimated amount of data {(DATA AMOUNT) and an
estimated time (11, T2) to forward the data. The estimated time (T4, T2) to forward
the data takes into account a grant delay (GRANT DELAY).

The foregoing description of embodiments of the present proposed solution
has been presented for the purpose of dlustration and description. | is not intended to
be exhaustive or to limit the proposed solution to the present form disclosed.
Altemations, modifications and variations can be made without departing from the
spirtt and scope of the present proposed solution.

As described above, the exemplary embodiment provides both a method and
corresponding apparatus consisting of vanous modules providing functionality for

erforming the steps of the method. The modules may be implemented as hardware

{embodicd in one or more chips including an integrated circuit such as an application
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specific integrated circuit), or may be impiemented as software or firmware for
execution by a processor. In particular, in the case of firmware or software, the
exemplary embodiment can be provided as a computer program product including a
computer readable storage medium embodying computer program code (i.e., software
or firmware) thereon for execution by the computer processor. The computer
readable storage medivm may be non-transitory {e.g., magnetic disks; optical disks;
read only memory; flash memory devices; phase-change memory) or transitory {(e.g.,
clectrical, optical, acoustical or other forms of propagated signals-such as carmer
waves, infrared signals, digital signals, efe}. The coupling of a processor and other
components is typically through one or more busses or bridges {also termed bus
controllers). The storage device and signals carrving digital traffic respectively
represent one or more non-transitory or transitorv computer readable storage medium.
Thus, the storage device of a given electronic device typically stores code and/or data
for execution on the set of one or more processors of that electronic device such as a
controfler.

Although the embodiments and its advantages have been described in detail, it
should be understood that varicus changes, substitutions, and alterations can be made
herein without departing from the spirit and scope thereof as defined by the appended
claims. For example, many of the features and functions discussed above can be
implemented in software, hardware, or firmware, or a combination thereof. Also,
many of the features, functiouns, and steps of operating the same may be reordered,
omitted, added, erc., and still fall within the broad scope of the various embodiments.

Moreover, the scope of the various embodiments is not intended to be limited
to the particolar embodiments of the process, machine, manufacture, composition of
matter, means, methods and steps described in the specification. As one of ordinary
skill in the art will readily appreciate from the disclosure, processes, machines,
manufacture, compositions of matter, means, methods, or steps, presently existing or
later to be develop d, that perform substantially the same fumetion or achigve
substantially the same result as the corresponding embodiments described herein may
be utilized as well. Accordingly, the appended claims are mntended 1o include within
their scope such processes, machines, manufacture, compositions of matter, means,

methods, or steps.
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IN THE CLAIMS:
I A communication element (RSU) operable with a wireless device (UE)

and a radio access node (eNB), comprising:

a processor {1020); and

amemory {1030} including computer program code, wherein said processor
(1028}, said memory, and said computer program code are collectively operable to:

provide a scheduling request (5R) to said radio access node (eNB) to
communicate data from said wireless device {(UE);

receive an uplink grant from said radio access node (eNB);

provide a buffer status report (BSR) to said radio access node (eNB);

recetve another uplink grant from said radio access node (eNB);

recerve said data from said wireless device (UE}; and

forward said data to said radio access node (eINB).

2. The communication element {R5U) as recited in Claim 1 wherein said
memory {1030} and said computer program code are further configured to, with said
processor {1020) cause said commumnication element (RSU) to receive sidelink control
mformation (SCH) from said wireless device (UE) prior to providing said scheduling
request (SR) to said radio access node (eNB).

3. The communication element {(RSU) as recited in Claim 1 wherein said
memory (1030} and said computer program code are further configured to, with said
processor (1020} cause said communication element (RSU) to estimate rescurces for
said data prior to providing said scheduling request (SK) to said radio access node
{cNB}.

4. The communication clement (RSU) as recited in Claim 3 whergin said
resources comprise an estimated amount of data (DATA AMOUNT) and an
estimated time (T1, T2} to forward said data.

5. The communication element (RSU) as recited 1n Claim 4 wherein said
estimated time (11, T2) to forward said data takes into account a grant delay
{(GRANT DELAY).

6. A method of operating a communication element (RSU) operable with

a wireless device (UE) and a radio access node (eNB), comprising:
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providing a scheduling reguest {SR) 1o said radio access node (eNB) to
commmmicaie data from said wireless device {(UE);

recetving an uplink grant from said radio access node (eNB);

providing a buffer status report {BSR) to said radio access node (eNBY;

receiving another uplink grant from said radio access node (¢NB);

receiving said data from said wireless device (UE); and

forwarding said data to said radio access node (eNB).

7. The method as recited m Claim 6 further comprising receiving sidelink
control information {SCI) from said wireless device (UE) prior to providing said
scheduling request (SR) to said radic access node (cNB).

8. The method as recited m Claim 6 further comprising estimating
resources for said data prior to providing said scheduling request (SR) o said radio
access node (eNB).

9. The method as recited in Claim 8 wherein said resources comprise an
estimated amount of data (BATA _AMOUNT) and an estimated time {11, T2) to
forward said data.

10. The method as recited 1o Claim 9 wherein said ¢stimated time (T4, T2)
to forward said data takes into account a grant delay (GRANT DELAY).

It A radio access node (eNB) operable with a communication element
(RSU} and a wireless device (UE), comprising:

a processor (1020); and

a memory {1030) including computer program code, wherein said processor
{1020}, saxd memory (1030}, and said computer program code are collectively
operable to:

receive a scheduling request (SR} from said communication element
{RSU} to commumicate data from said wireless device (UE),;

provide an uplink grant to said communication element (RSU};

receive a buffer status report (BSR) from said commumnication element
(RSL);

provide another uplink grant to said communication ¢lement (RSU);

and
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receive said data from sawd wireless device (UE) via said
communication element (RSU).

12, 'Fhe radio access node (eNB) as recited i Claim 11 wherein saud
memory {1030} and said computer program code are further configured to, with said
processor (1020} cause said radio access node (eNB) to receive sard scheduling
request {SR} from said communication element (RSU) in response to sidelink control
mformation (SCI) from said wireless device (UE).

I3, The radio access node (eNB) as recited in Claim 11 wherein said
memory {1030} and said computer program code are further configured to, with said
processor {1020} cause said radio access node (eNB) to receive said scheduling

equest (5R) from said communication clement (RSU) in response to an estimate of
resources for said data.

14, Fhe radio access node {eNB) as recited in Claim 13 wheremn said
resources comprise an estimated amount of data {BATA AMOUNT) and an
estimated time (11, T2) to forward said data.

15, 'Fhe radio access node (eNB) as recited in Claim 14 wherein said
estimated time (T1, T2) to forward said data takes into account a grant delay
{(GRANT DELAY).

16. A method of operating a radio access node {¢NB) operable with a
communication element (RSU) and a wireless device {(UE), comprising:

receiving a scheduling request {(SR) from said communication element (RSU)
to communicate data from said wircless device (UE);

providing an uplink grant to said communication element (RSU};

receiving a buffer status report (BSR) from said communication element
(RSU);

providing another uplink grant to said communication element (RSU); and

receiving said data from said wireless device (UE) via said communication
element (RSUY.

17.  'The method as recited in Claim 16 wherein said receiving said
scheduling request (SR} from said communication element (RSU} is 1n response to

sidelink control information {(SCY) from said wireless device (UE),
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5 18  The method as recited in Claim 16 wherein said receiving said
scheduling request {SR) from said commumication clement (RSU) is in response to an
estimate of resources for said data.

19, The method as recited in Claim 18 wherein said resources comprise an
estimated amount of data (BATA AMOUNT) and an estimated time (T1, T2} to
16 forward said data.
20. The method as recited in Claim 19 wherein said estimated time (T1,
T2) to forward said data takes into account a grant delay (GRANT DELAY).
21, A communication element (RSU} operable with a wireless device (UE-
1} and a radio access node {eNB}), comprising:
I35 a processor {1020); and
amemory {1030} including computer program code, wherein said processor
(1020), said memory (1038), and said computer program code are collectively
operable o
provide a scheduling request (5R) to said radio access node (eNB) to
20 communicate daia from said wireless device (UE-1);
receive an uplink grant from said radio access node {eNB);
provide a sidelink buffer status report (SE BSR) to said radio access
node (eNB);

receive a sidelink (S} grant from said radio access node (eNB);

N2
W

recerve said data from said wireless device (UE-1}; and
forward said data to another wireless device (UE-2).

22, The communication element (RSU) as recited m Claim 21 wherein
said memory (1030} and said computer program code are further configured to, with
said processor (1020} cause said communication element (RSU} to receive sidehink
30 control information (SCI) from said wireless device (UE-1) prior to providing said
scheduling request (SR} to said radio access node (eNB).

23, the communication clement (RSU) as recited in Claim 21 wherein
said memory (1030} and said computer program code are further configured to, with

said processor (1020} cause said communication element (RSU}) to estimate resources

|98}
93}

for said data prior o providing said scheduling request (SR} to said radio access node

{cMNB).
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5 24, The communication element (RSU) as recited in Claim 23 wherein
said resources comprise an estimated amount of data (PATA AMOUNT) and an
estimated time (T1, T2) to forward said data.

23, The communication element (RSU) as recited in Claim 24 wherein
said estimated time (T1, T2) to forward said data takes into account a grant delay
10 (GRANT DELAY).
26. A mcthod of operating a communication clement {RSU) operable with
a wireless device (UE-1} and a radio access node (eNB), comprising:
recetving an uplink grant from said radio aceess node (eNB);
providing a sidelink buffer status report (SL BSR) to said radio aceess node
15 {eNB);
recetving a sidelink {S1) grant from said radio access node (eNB),
receiving said data from said wireless device (UE-1}; and
forwarding said data to another wireless device (UE-2).
27 The method as recited in Claim 26 further comprising receiving
20 sidelink control information {(SCI) from said wireless device (UE-1} prior to
providing said scheduling request {SR) to said radic access node (eNB).
28.  The method as recited in Claim 26 further comprising estimating
resources for said data prior to providing said scheduling request (SR) o said radio

access node (eNB).

25 29, The method as recited m Claim 28 whergin said resources comprise an
estimated amount of data (BATA _AMOUNT) and an estimated time (T1, T2} to
forward said data.

30. The method as recited in Claim 29 wherein said estimated time (T1,
T2} to forward said data takes into account a grant delay (GRANT DELAY).
30 31, A radio access node (¢NB) operable with a communication element
{(RSU} and a wircless device (UE-1}, comprising
a processor (1020); and
a memory {1030) including computer program code, wherein said processor
(1020), said memory (1030}, and said computer program code are collectively
35

operable to:
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W

|98}
93}

receive a scheduling request (SR) from said communication ¢lement
{RSU) to communicate data from said wireless device (UE-1);

provide an uplink grant to said communication element {(RSU);

receive a sidelink buffer status report (SL BSR) from said
communication element (RSU): and

provide a sidelink (5L} grant to said communication element (RSUY to
allow data to be forwarded from said wircless device (UE-1) to another wircless
device (UE-2).

32, Fhe radio access node (eNB) as recited in Claim 31 wherein said
memory {1030) and said computer program code are further configured to, with said
processor (1020} cause said radio access node (eNB) to receive said scheduling
request (SR} from said communication element (RSU) in response to sidelink control
information (SCI) from said wireless device (UE-1).

33, 'The radic access node {eNB) as recited in Claim 31 wherein said
memory {1030} and said computer program code are further configured to, with said
processor {1020} cause said radio access node (eNB) to receive said scheduling
request (SR} from said commuunication element (RSU} in response to an estimate of
resources for said data.

34, The radio access node {(eNB) as recited m Claim 33 wherein said
resources comprise an estimated amount of data (DATA AMOUNT) and an
estimated time (T1, T2) to forward said data.

35, The radic access node (cNB) as recited 1in Claim 34 wherein said
estimated time (T1, T2) to forward said data takes into account a grant delay
{(GRANT DELAY).

36, A method of operating a radio access node (eNB) operable with a
communication element (RSU) and a wireless device (UE-1), comprising:

receiving a scheduling request (SR} from said commumication clement (RSU)
to communicate data from said wireless device (UE-1);

providing an uplink grant to said communication clement (R5U);

receiving a sidelink butter status report (SL BSR) from said communication

clement (RSU); and
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providing a sidelink (SL) grant to said communication element (RSU) 1o allow
data to be forwarded from said wireless device (UE-1) to another wireless device
{(UE-2).

37, The method as recited in Claim 36 wherein said receiving said
scheduling request (SR) from said communication element (RSU) is in response to
sidelink control information (8CI) from said wireless device (UE-1).

38,  The method as recited in Claim 36 wherein said receiving said
scheduling request (SR} from said communication element (RSU} is 1n response to an
estimate of resources for said data.

39, The method as recited in Claim 38 wherein said resources comprise an
cstimated amount of data (DATA AMOUNT) and an estimated time (T1, T2} to
forward said data.

440, The method as recited in Claim 38 wherein said estimated time (T1,

T2) to forward said data takes into account a grant delay (GRANT DELAY)

i
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