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1

NETWORK-MANAGED DIRECT DEVICE TO
DEVICE COMMUNICATIONS

FIELD

This disclosure relates to direct device-to-device (DD2D)
communications 1in a mobile communications network.

BACKGROUND

Communication networks include wired and wireless net-
works. Example wired networks include the Public Switched
Telephone Network (PSTN) and Ethernet local area net-
works. Example wireless networks include licensed cellular
networks as well as unlicensed wireless networks that con-
nect to wired networks. Calls and other communications may
be connected across wired and wireless networks.

In wireless cellular networks, mobile devices generally
communicate with each other by transmitting and receiving
data tratfic through base stations or other similar network
nodes, even when the mobile devices are 1n close proximity.
Direct communications between mobile devices 1n a licensed
band without network control can cause interference to other
mobile devices operating 1n the network.

With the proliferation of devices equipped with a cellular
modem, direct device-to-device communication offers itself
as a potential feature that may significantly enhance the per-
formance of wireless communications technology.

Furthermore proximity-based applications and services
represent a recent and enormous social-technological trend.
The mtroduction of a direct communication capability would
allow the wireless communications industry to promote this
important trend. Additionally, there 1s also interest in the
ability to oftload the network 1n some cases via direct device-
to-device communication.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic block diagram of an example mobile
communication system.

FI1G. 2 1s a schematic illustrating an example network node.

FIG. 3 1s a schematic 1llustrating an example user equip-
ment device.

FIG. 4 1s a schematic 1llustrating an example of signaling
and traflic for an inter-device session (IDS), where user
equipment (UE) communicates signaling feedback to a net-
work node (e.g. an evolved Node B (eNB)).

FIG. 5 1s amessage sequence diagram illustrating example
signal flow and traffic for an 1nter-device session.

FIG. 6 1s a message sequence diagram illustrating an
example network operation for an inter-device session.

FI1G. 7 1s aflow chart illustrating an example process ol IDS
communications performed by a network node.

FIG. 8 1s a graphical diagram showing the sub-band allo-
cation of IDS resources for an inter-device session physical
uplink control channel.

FI1G. 9 1s a flow chart 1llustrating a second example process
of IDS communications performed by a user equipment.

Like reference symbols 1n the various drawings indicate
like elements.

DETAILED DESCRIPTION

Certain aspects of the disclosure are directed to systems,
methods, and apparatuses for providing an inter-device ses-
s1ion where the devices can communicate directly, and where
the network and the network operator maintain an acceptable
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2

level of control over the device to device communication. In
the present application, the term “directly” 1s used to indicate
communications between devices and/or communications
between a device and a network element without intervening
devices. For example, a first UE can transmit data and feed-
back signaling directly to a second UE without having to
transmit the data and feedback signaling to a network ele-
ment. In the interest of consistency, certain examples 1n this
disclosure may be described 1n relation to Long Term Evolu-
tion (LTE) technology. However, similar device-to-device
communications aspects described in this disclosure may also
be applied to other wireless communications technologies.
In this disclosure, direct device-to-device communications
may be referenced as an inter-device session (IDS). An inter-
device session (IDS) may include configuration to allow com-
munication between two or more UEs. For a given IDS
resource allocation, one UE 1n the session may be transmit-
ting 1n an allotted resource, and other UEs 1n the session are
expected to be recerving in that allotted resource. It should be
understood that the IDS resource may be allocated in
resources that may previously be considered “uplink™ or
“downlink™ resources. A first UE may transmait over the IDS
resource and one or more other UEs will recetve the trans-
mission over the IDS resource. Therefore, 1n some implemen-
tations, the IDS resource may be allocated from either
“uplink” or “downlink”™ portions of the resource pool, where
the IDS resource 1s used for mter-device communications.
The term 1nter-device session 1s meant to encompass sce-
narios where two or more devices transmit and/or recerve data
directly with one another via a radio channel shared by the

two or more devices. As such, the term inter-device session
may also be referred to as a multi-device session, plural-
device session, Direct Device-to-Device(s) (DD2D), LTE
Direct, or other representative terms.

In a first example embodiment, an eNB 1n an LTE system
can allocate resources to one user equipment (UE) for direct
communication with another UE. In this scheme, only the
data traific may be transmitted directly between the UEs. It
should be understood that while data may be transferred from
one UE to another UE 1n an inter-device session (IDS), a
network node of a wireless communications network may
still be utilized to control aspects of the IDS. For example, a
Physical Uplink Control Channel (PUCCH), and other con-
trol channels may be used to transmit control information
related to an IDS to the eNB from each UE as needed. Addi-
tionally, in some embodiments, the UEs may also listen to the
other UE’s PUCCH, Sounding Reference Signals (SRS) or
other reference signal transmissions. Further, control infor-
mation such as resource allocation, Modulation and Coding
Scheme (MCS) for traffic, and power control commands
related to an IDS may be transmitted to the UE(s) from the
eNDB.

In this application, a name with the prefix “IDS” (Inter-
Device Session) refers to an entity, resource, or other concept
related to the direct UE-to-UE(s) (Device-to-Device(s) (or
D2D)) connection (e.g. IDS-PUCCH, IDS-PUSCH, IDS-
RNTI) while a name without the “IDS” prefix refers to an
entity related to standard UE-to-eNB connections (e.g.
PUCCH, physical uplink shared channel (PUSCH), physical
downlink shared channel (PDSCH), radio network temporary
identifier (RNTI), physical downlink control channel (PD-
CCH)).

The terms UE1 and UE2 are used here for simplicity and
clarity, and are not meant to convey a particular order of the
process, a particular actor, or limit the number of devices
involved.
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Each inter-device session 1s i1dentified by an inter-device
session radio network 1identifier (RNI) that 1s assigned by the
network node (e.g. eNB) of the wireless communications
network. One example of a radio network 1dentifier used in
accordance with this disclosure 1s an IDS radio network tem-

porary 1dentifier (IDS-RNTIT). PDCCH/ePDCCH messages
related to an IDS may be configured with the IDS-RNTI.
Theretfore, a UE must attempt to decode PDCCH/ePDCCH
messages using the IDS-RNTI(s) assigned to its session(s).
This may be done 1n addition to decoding messages addressed
to other RNTTs associated with the UE. The term “configured
with” can include, among other things, configured by, corre-
sponding to, addressed to, directed to, scrambled with,
encoded with, portion encoded with (e.g. cyclic redundancy
check (CRC) scrambled with the RNI, such that the control
message can be determined to be addressed to a UE that
knows the RNI), referencing, etc.

IDS resource allocations signalled 1mn the PDCCH/ePD-
CCH and configured with the IDS-RNTI may indicate grants
tor direct UE-to-UE transmissions. IDS resource allocations
may be signalled 1n control messages sent from the eNB to
one or more UEs participating 1n the inter-device session. In
one embodiment, control messages are sent to all the UEs
participating 1n the inter-device session, such that the UEs are
all made aware of the IDS resource allocations being granted
for the inter-device session. In an embodiment where the
IDS-RNTTI refers to a session with two or more UEs, the IDS
resource allocation configured with the IDS-RNTI may also
be configured with a UE session ID associated with one of the
UEs 1n the IDS (for example, the grant of the IDS resource
allocation may include the UE session ID of the UE that
should transmit using the IDS resource).

In an alternate embodiment, there may be more than one
IDS Radio Network Temporary Identifier (RNTI) assigned
for an inter-device session. For example, a first IDS-RNTT 1s
assigned to indicate transmission from a first UE to a second
UE, while a second IDS-RNTI may be assigned to indicate
transmissions from the second UE to the first UE. In this
alternate embodiment, each IDS-RNTI may be assigned for a
particular transmission direction, or more specifically, to a
particular UE that may act as a transmaitter in the inter-device
session. In this alternate embodiment, the network node (e.g.
¢NB) may maintain a group context that includes a first UE’s
unique IDS-RNTI, and the other UEs that are configured to
receive transmission from the first UE.

Advantages of using the IDS-RNTI as described 1n this
disclosure may be numerous. For example, the network node
(e.g. eNB) can use the IDS-RNTI to control allocation for
cach transmission thereby ensuring that UE-UE communica-
tions do not interfere with neighbouring UEs. Meanwhile
sharing the IDS-RNTI with UEs participating in the inter-
device session may reduce channel utilization since one
Physical Downlink Control Channel (PDCCH) transmission
1s used to signal allocations for both the transmitter and
receiver.

FIG. 1 1s a schematic block diagram of an example mobile
communication system 100. The mobile communication sys-
tem 100 shown 1n FIG. 1 may include one or more network
nodes (e.g., 112a and 11254). It will be understood that the
network node may take several forms 1n a mobile communi-
cation system, such as (but not limited to) an evolved Node B
(eNB), a base station, a Node B, a wireless access point, a
radio network controller, a base transceiver station, a layer
two relay node, a layer three relay node, a femto cell, home
evolved Node B (HeNB), a home Node B (HNB), a base
station controller, or other network node that includes radio
resource control. In the long term evolution (LTE) example of
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FI1G. 1, the network nodes are shown as evolved Node Bs
(eNBs) 112a and 11254. The example mobile communication
system 100 of FIG. 1 may include one or more radio access
networks 110, core networks (CNs) 120, and external net-
works 130. In certain implementations, the radio access net-
works 110 may be evolved-UMTS terrestrial radio access
networks (E-UTRAN). In addition, 1n certain instances, core
networks 120 may be evolved packet cores (EPCs). Further,
there may be one or more mobile electronic devices 102a,
1026 operating within the mobile communication system
100. In some mmplementations, 2G/3G systems 140, e.g.,
Global System for Mobile communication (GSM), Interim
Standard 95 (IS-95), Universal Mobile Telecommunications
System (UMTS) and CDMA2000 (Code Division Multiple
Access) may also be integrated into the mobile communica-
tion system 100.

In the example LTE system shown in FIG. 1, the radio
access network 110 includes eNB 112a and eNB 11254. Cell
1144 1s the service area of eNB 1124, and Cell 1145 1s the
service arca of eNB 1125b. In this example, UEs 102a and
1025 operate 1n Cell 114a and are served by eNB 112a. The
UEs 102a and 10256 may be any electronic device used by an
end-user to communicate, for example, within the mobile
communication system 100. The UEs 102a and 1026 may
transmit voice data, video data, user data, application data,
multimedia data, text, web content and/or any other content.

The UE 102a or 1025 may be referred to as mobile elec-
tronic device, user device, mobile station, subscriber station,
portable electronic device, mobile communications device,
wireless modem, or wireless terminal. Examples ofa UE (e.g.
UE 1024 or 1025) may include a cellular phone, personal data
assistant (PDA), smart phone, laptop, tablet personal com-
puter (PC), pager, portable computer, portable gaming
device, wearable electronic device, or other mobile commu-
nications device having components for communicating
voice or data via a mobile communication network.

Other examples of a UE 1nclude, but are not limited to, a
television, a remote controller, a set-top box, a computer
monitor, a computer (including a tablet, a desktop computer,
a handheld or laptop computer, a netbook computer), a micro-
wave, a relrigerator, a stereo system, a cassette recorder or
player, a DVD player or recorder, a CD player or recorder, a
VCR, an MP3 player, a radio, a camcorder, a camera, a digital
camera, a portable memory chip, a washer, a dryer, a washer/
dryer, a copier, a facsimile machine, a scanner, a multi-func-
tional peripheral device, a wristwatch, a clock, and a game
device, etc. The UE 102a or 1025 may include a device and a
removable memory module, such as a Universal Integrated
Circuit Card (UICC) that includes a Subscriber Identity Mod-
ule (SIM) application, a Umversal Subscriber Identity Mod-
ule (USIM) application, or a Removable User Identity Mod-
ule (R-UIM) application. Alternatively, the UE 102a or 1025
may 1nclude the device without such a module. The term
“UE” can also refer to any hardware or software component
that can terminate a communication session for a user. In
addition, the terms “user equipment,” “UE,” “user equipment
device,” “user agent,” “UA.)’ “user device,” and “mobile
device” can be used synonymously herein.

A radio access network 1s part ol a mobile communication
system which implements a radio access technology, such as
UMTS, CDMA2000 and 3GPP LTE. For example, the radio
access network (RAN) 110 included 1n an LTE telecommu-
nications system is called an EUTRAN. The EUTRAN can be
located between the UEs and core network 120 (e.g. an
evolved core network, EPC). The EUTRAN includes at least
one eNB. The eNB can be a radio base station that may
control all or at least some radio related functions 1n a fixed
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part of the system. The at least one eNB can provide radio
interface within their coverage area or a cell for the UEs to
communicate. The eNBs may be distributed throughout the
cellular network to provide a wide area of coverage. The
eNBs directly communicate with one or more UEs, other
eNBs, and the core network.

This disclosure describes several ways that an inter-device
session may be mitiated. For example, a UE could initiate an
inter-device session responsive to a user action, the presence
of data at the device intended for a potentially nearby device,
detection of signals from a proximate device, or an in-device
application exchanging location information with other
devices. Alternatively, the network could create an inter-de-
vice session at its discretion, based on one or more of the
tollowing factors: UE location, network traific, operator poli-
cies, user subscription and UE capabilities.

Once i1t 1s determined that attempting an IDS connection
between two or more UEs 1s approprate, the eNB sends IDS
conﬁguration information to the UEs to enable the inter-
device session. IDS configuration mformation - =

or each UE

may include the IDS-RNTI and a UE session ID used to
identify the UE within this IDS as well as the SRS and IDS
PUCCH channel assigned to the UE. The IDS configuration
information may also be used to facilitate various aspects
such as timing and Channel Quality Indicator (CQI) feed-
back.

Furthermore, if the UE 1s transmitting and/or receiving in
multiple inter-device sessions, the eNB may assign multiple
IDS-RNTIs to the UE. The eNB may maintain an IDS group
context for each inter-device session 1 the eNB coverage
area. The IDS group context may include the IDS-RNTI for
cach UE 1n the imter-device session, a UE session ID (1f
coniigured) for the UE, and 1dentifiers of other UEs that may
be part of the inter-device session.

A transmitting UE may align its IDS-transmit-timing with
a transmission resource subirame as directed by the network
node timing. The UE may adjust its IDS transmission timing,
according to a timing advance command from the network
node. For example, a first UE (UE1) may be sent a timing,
advance command from the eNB to adjust UE1’s timing for
transmitting IDS transmissions using an IDS. A second UE
(UE2) may recerve the IDS transmissions according to a
timing reference detected from UEL. For example, UE1 may
be configured with SRS or other reference signal (RS) which
UE2 can receive from UE1 to determine receive window
timing for IDS transmissions. In this example, the eNB must
provide UE2 with information on location/configuration of
UE1 RS/SRS. It should be noted that the RS/SRS configura-
tion may be specific for the IDS or may be the same RS/SRS
configuration used by UE1 for communication with the eNB.

As described previously, an IDS resource may use UL
radio resources or DL radio resources. For time division
duplex (TDD) implementations, the IDS resource allocation
may include assignment of particular subirames. For fre-
quency division duplex (FDD) implementations, the IDS
resource allocation may include assignment of particular sub-
band frequencies. In other implementations, the IDS resource
allocation may include assignment of particular component
carriers.

For example, 1n some embodiments, a UE may not be able
to transmit and receive UE-UE (IDS) and UE-eNB transmis-
sions at the same time. Considering an example where UL
radio resources are used for the IDS resource allocations, the
e¢NB may allocate the IDS resource such that a UE receives
IDS transmissions 1n an UL subirame that i1s different from
another UL subirame that the UE uses for other uplink trans-

missions to the eNB. In other words, the eNB may not sched-
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ule a UE as the receiving UE 1n an IDS assignment in a
subframe where the UE 1s scheduled to send a PUCCH,

IDS-PUCCH, SRS, or UL-SCH transmission. In addition, the
eNB may assign PUCCH and IDS-PUCCH transmission to
occur 1n different UL subirames for UEs on the same inter-
device session 1 order to allow for UEs i the session to
receive and/or measure the other UEs PUCCH/IDS-PUCCH
for the purposes of CQI and/or timing. Just as UL subframes
and UL radio resources may be scheduled to avoid overlap
with other UL operations of a UE, there may be implemen-
tations where DL radio resources are used for IDS resource
allocations and scheduling 1s carefully done to avoid overlap
with other DL operations of a UE. In some FDD embodi-
ments, a UE may be able to receive both IDS-PUSCH trans-
missions and PDSCH transmissions in the same subirame on
different carriers. In other embodiments, a UE may only be
able to receive either an IDS-PUSCH {transmission or a
PDSCH transmission, but not both, within a given subirame.
The capabilities of the UE are signaled to the eNB during
RRC connection configuration.

The eNBs 1124 and 1125 may be the end point of the radio
protocols towards the UEs 102a, 1025 and may relay signals
between the radio connection and the connectivity towards
the core network 120. In certain implementations, the EPC
may be the main component of a core network 120. The core
network 120 may include a backbone network, which may be
a central part of the mobile communication system 100. The
corenetwork 120 may include other components, such as (but
not limited to) a mobility management entity (MME), a serv-
ing gateway (SGW), and/or a packet data network gateway
(PGW). The MME may be the main control element 1n the
core network 120 responsible for the functionalities compris-
ing the control plane functions related to subscriber and ses-
sion management. The SGW can serve as a local mobility
anchor, such that the packets are routed through this point for
intraradio access network 110 (e.g. intra-EUTRAN) mobaility
and mobility with other legacy 2G/3G systems 140. The SGW
functions may include the user plane tunnel management and
switching. The PGW may provide connectivity to the services
domain comprising external networks 130, such as the IP
networks. The UEs 102q, 10254, radio access network 110
(e.g. EUTRAN), and core network 120 (e.g EPC) are some-
times referred to together as the evolved packet system (EPS).

Though described interms of FIG. 1, the present disclosure
1s not limited to such an LTE environment.

FIG. 2 1s a schematic illustrating an example network node
200. The example network node 200 includes a processing
module 202, a wired commumnication subsystem 204, and a
wireless commumnication subsystem 206. The processing
module 202 can include one or more processing components
(alternatively referred to as “processors’™ or “central process-
ing units” (CPUs)) operable to execute instructions associ-
ated with managing inter-device communications. The pro-
cessing module 202 can also include other auxihary
components, such as random access memory (RAM), read
only memory (ROM), secondary storage (for example, a hard
disk drive or flash memory). The processing module 202 can
execute certain nstructions and commands to provide wire-
less or wired communication, using the wired communica-
tion subsystem 204 or a wireless communication subsystem
206. A skilled artisan will readily appreciate that various
other components can also be included 1n the example net-
work node 200.

The network node may establish an inter-device session by
sending IDS configuration information (e.g. RRC connection
reconfiguration) to each UE that will be part of the inter-
device session. For example, the IDS configuration informa-
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tion may be sent 1n a configuration message (e.g. an RRC
message) to each UE 1n the inter-device session. It should be
understood that the IDS configuration information may not be
identical for each UE 1n the IDS, but the IDS configuration
information sent to each UE includes the configuration
needed for the UE to participate 1n the IDS. The IDS configu-
ration information may include an IDS-RNTT used to config-
ure other IDS-related control messages to the UE. For
example, the network node sends a control message to indi-

cate an allocation of IDS resources (e.g. IDS-PUSCH/PD-
SCH) for at least the transmitting UE 1n the inter-device

session using a PDCCH DCI configured with the IDS-RNTT.
In addition, 1n some implementations, other control messages
may be sent using a PDCCH DCI configured with the IDS-

RNTTI.

The network node may manage the power level of the IDS
transmissions based on the level of the signal from the trans-
mitting UE recetved by the receiving UE. The recerving UE
may 1ndicate the recerved signal level to the network node,
such that the network node may send a command to the
transmitting UE to adjust the power level for subsequent 1D
transmissions. For purpose of adjusting the power levels, the
network node may configure a special transmit power control
RNTT for the IDS for a given UE, including an TPC-IDS-
RNTI (to i1dentify transmit power commands for the IDS
transmissions by the UE) 1n the IDS configuration informa-
tion. In some embodiments, the power level may be increased
until an upper limit 1s reached. When the power level 1s
beyond a limiting threshold for a UE, the network node may
determine that the inter-device session 1s no longer appropri-
ate and cause the inter-device session to terminate.

In some variants of this embodiment, power control com-
mands may be specific for either IDS-PDSCH communica-
tions 1n normally DL radio resources or IDS-PUSCH com-
munications 1n normally UL radio resources for a given UE.
In this variant, the network node may configure special trans-
mit power control RNTTs for the IDS for a given UE, includ-
ing an IDS-TPC-PUSCH-RNTI (to 1dentily transmit power
commands for the IDS-PUSCH) and/or IDS-TPC-PDSCH-
RNTI (to 1dentify transmit power commands for the IDS-
PDSCH) 1n the IDS configuration information. Once config-
ured, the network node may use special transmit power
control RNTTIs to signal separate commands to adjust power
for IDS communications for a UE 1 UL radio resources
separately from those 1n DL radio resources.

In some further variants of the embodiment, the network
node may configure special transmit power control RNTTs for
the IDS for a given UE, including an IDS-TPC-SCH-RNTI
(to 1dentily transmit power commands for IDS user data
transmissions) and/or IDS-TPC-CCH-RNTI (to identify
transmit power commands for IDS control data transmis-
s10ons) 1n the IDS configuration information. Once configured,
the network node may use special transmit power control
RNTIs to signal separate commands to adjust power for IDS
communications for a UE separately from the power levels
used for UL (UE-eNB) communications.

In some embodiments where the receiving UE determines
the recerved signal level of the IDS transmission from an SRS,
or other reference signal from the transmitting UE, the trans-
mitting UE may also be instructed to adjust the power level
tfor the reference signal 1n subsequent transmissions.

In some embodiments, the mitial transmit power level for
IDS transmissions 1s the same as for UE to eNB UL trans-
missions. In other embodiments, the initial transmit power
level 1s communicated to a UE by the eNB during IDS con-
figuration.
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Additionally, to gain more accurate timing for the synchro-
nization of the recerve window, the eNB may provide a UE
with information on the location and configuration of the
other UE’s PUCCH and/or SRS (if available) or other refer-
ence signal (if available).

FIG. 3 1s a schematic illustrating an example UE apparatus.
The example UE 300 includes a processing unit 302, a com-
puter readable storage medium 304 (for example, ROM or
flash memory), a wireless communication subsystem 306, an
interface 308, and an I/O interface 310. The wireless commu-
nication subsystem 306 may be configured to provide wire-
less communications for data information or control informa-
tion provided by the processing unit 302. The wireless
communication subsystem 306 can include, for example, one
Or more antennas, a receiver, a transmitter, a local oscillator,
a mixer, and a digital signal processing (DSP) unit. In some
embodiments, the wireless communication subsystem 306
can support multiple input multiple output (MIMO) transmis-
S101S.

The interface 308 can include, for example, one or more of
a screen or touch screen (for example, a liquid crystal display
(LCD), a light emitting display (LED), an organic light emit-
ting display (OLED), a microelectromechanical system
(MEMS) display), a keyboard or keypad, a trackball, a
speaker, and a microphone. The I/O iterface 310 can include,
for example, a universal serial bus (USB) interface. A skilled
artisan will readily appreciate that various other components
can also be included in the example UE device 300. The
interface 308 may be a hardware intertace that permaits/facili-
tates communication between two devices.

A UE may indicate to a network node that the UE has data
to send to another UE. For example, the UE may transmit an
explicit radio link protocol indication requesting an inter-
device session with another UE. Alternatively, the UE may
simply send data destined to a network address associated
with the other UE. In the typical embodiment, the network
node will determine whether or not to attempt establishment
of an inter-device session. In one embodiment, the network
node may configure a reference signal in mter-device session
setup commands to a transmitting UE and a recerving UE.
The reference signal 1s transmitted by the transmitting UE
and received by the recetving UE to determine whether the
two UEs are in-range to directly communicate. The reference
signal may also be used to determine recerve timing window
and channel state information (CSI). A recerving UE may
send a feedback message to the network node to indicate CSI
based upon the recerved reference signal. Alternatively, the
receiving UE may send CSI based upon detection of PUCCH
RS or SRS transmissions irom the transmitting UE. In this
alternative, the network node provides the location and/or
configuration of PUCCH RS or SRS of the transmitting UE to
the recetving UE so that the recerving UE can detect these
transmissions. In some variants of this alternative, the net-
work node may provide a C-RNTIL, IDS-RNTI, or other RNTI
of the transmitting UE to the recerving UE so that the receiv-
ing UE 1s configured to detect the PUCCH transmissions.
From feedback about channel state information, the network
node may determine to establish the inter-device session. The
teedback may also be used by the network node to determine
approprate IDS resource allocations.

In some embodiments, the transmitting UE may send an
IDS transmission with the same subframe timing as other UL
transmissions intended for the eNB. In some embodiments,
the UEs 1n an inter-device session may be closer to each other
than they are to the eNB. In some of these cases, the recerving
UE may mitially use 1ts UL transmission timing to estimate
the recerving window timing of UE to UE transmissions.
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Finer adjustments to the recetve window may be made from
reception of one or more of IDS-PUSCH transmissions,
PUCCH transmissions, IDS-PUCCH transmissions (11 avail-
able), and SRS transmissions or other reference signals (1f
available) from the transmitting UE.

In 1implementations where IDS resources are allocated
from DL radio resources, the UEs may send their IDS trans-
missions at a time oifset relative to UL timing as specified by
the eNB. In some embodiments, the recerving UE may
require a signal from the transmitting UE 1n order to estimate
appropriate timing of the receive window for IDS transmis-
s1ons prior to the initial reception of IDS-PDSCH transmis-
s1on. In this case, the recerving UE may use one or more of the
SRS or other reference signals or PUCCH or IDS-PUCCH
from the transmitting UE.

FI1G. 4 1s a schematic diagram illustrating an example envi-
ronment 400 showing signaling and traflic for an inter-device
session, where user equipment (UE) 410aq and 4105 commu-
nicate signaling feedback to the network node 405 (e.g. eNB).
In FIG. 4, data traific 460a and 4605 may be transmitted
directly between the UEs; the control elements PDCCH
(420a and 4205) are transmitted to the UEs from the eNB
while IDS-PUCCH (430q and 44056) and IDS related ACK/
NACK (440aq and 43056) and SRS (450a and 4505) are trans-
mitted to the eNB from each UE and may, in some embodi-
ments, be received by the other UE (470a and 4705). These
control elements are described below:

PDCCH (420a and 4205): Physical Downlink Control
CHannel. A downlink control channel used to support effi-
cient data transmission 1n LTE. A PDCCH carries a message
known as Downlink Control Information (DCI), which may
include IDS transmission resource assignments and other
control information for a specific UE within an inter-device
session or for all UEs within a session. During the inter-
device session, a PDCCH message configured via IDS-RNTI
may be used to allocate IDS resources to a UE within the
session designated as the transmitter within that subirame.
The subsequent IDS transmissions may occur over regular
PUSCH/PDSCH resources designated by the DCI. HARQ
operation, power control and timing adjustments may be
included 1n the DCI by the eNB for the inter-device session.
Further, certain transmission multiplexing and session proce-
dures may be used to properly schedule various transmission
reception windows for the UEs, as well as minmimization of
assigned resources during mactivity. In certain implementa-
tions, for an IDS allocation, one control message (e.g.
PDCCH) may be sent from the eNB that is received and
decoded by both transmitting and receiving UEs. In some
cases, the HARQ information regarding an IDS transmission
can be indicated on a physical HARQ) indicator channel (PH-
ICH) (480a and 4805) from the eNB that 1s decoded by the
transmitting IDS UE.

PUCCH (430a and 44056): PUCCH (430a and 4405):
Physical Uplink Control CHannel. The LTE uplink physical
channel carrying uplink control information including Chan-
nel Quality Indicators (CQI), Hybrid Automatic Retransmis-
siton  reQuest (HARQ) ACKnowledgment/Negative
ACKnowledgment (ACK/NACK) and uplink scheduling
requests. In some embodiments, in addition to 1ts normal
PUCCH, a UE 1s configured with an IDS-PUCCH for each
inter-device session 1n which the UE participates.

FIG. 5 1s a message sequence diagram 500 1llustrating
example signal flow and traflic for an inter-device session. A
first UE, referred to as UE1, may indicate to a network node
that UE1 has data to send to a second UE, referred to as UE2
(515). It 1s understood that UE1 may want to send data to a
single UE, UE2, or may want to send data to multiple UEs,
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such as 1n a multicast or broadcast session. To that extent, the
indication sent by UE1 and received by the network node
indicates that UE1 wants to send data to at least UE2, and
possibly other UEs. The indication can be a radio link proto-
col request, or the indication may be a data packet destined for
the network address assigned to UE2. Other indications are
also contemplated. For example, UE1 may not have a prefer-
ence as to whether UE1 communicates 1n an inter-device
session, or UE1 may specifically request an inter-device ses-
sion. The network node may decide, based on network con-
ditions, location of the UEs, operator policies, etc., whether or
not the inter-device session 1s possible. I the network node
determines that an 1nter-device session 1s possible, the eNB
then sends information to start the session to each UE (520).
For example, the eNB may send IDS-configuration informa-
tion to the UEs. Such IDS-configuration information can
include the reference signals to be transmitted and recerved to
determine the proximity of the UEs and a radio network
identifier for the IDS, which may be referred to as an IDS
radio network temporary 1dentifier (IDS-RNTTI).

This disclosure describes multiple ways that an IDS-RNTI
may be used in an inter-device session. A first example
embodiment described herein includes an IDS-RNTI that
may be referred to as a “session IDS-RNTI.” A session IDS-
RN'T 1s used when the same IDS-RN'TT 1s shared by all UEs
participating in the inter-device session. All UEs 1n the inter-
device session may be able to detect and decode the same
control messages transmitted 1n the PDCCH from the eNB. If
the eNB uses a session IDS-RNTI, the eNB may also config-
ure each UE 1n the IDS with a session UE-1dentifier (UE-ID)
unique to each UE within the inter-device session. The UE-ID
allows the eNB to identify each UE within the session and
allows the UEs to identily each other as part of the inter-
device session communications. In such a scenario, the con-
trol message may also include the UE-ID to indicate a par-
ticular UE associated with the control message. For example,

ifal

UE recerves a control message configured with the 1DS-
RNTI, the UE can check for the UE-ID to determine if the
instruction indicates the UE’s UE-ID or if the instruction
indicates another UE’s UE-ID.

A second example embodiment described herein includes
IDS-RNTIs that may be referred to as “unidirectional IDS-
RNTT” for each UE. For the unidirectional case, additional
configuration information may be transmitted to the UEs
(525). A unmidirectional IDS-RNTT 1s used to indicate com-

mands, messages, and/or feedback that are related to trans-
missions 1n one direction—{rom a first UE to a second UE,
but not vice versa. Typically, but not necessarily, there will be
two or more unidirectional IDS-RN'TTs assigned for an inter-
device session. For example, a first IDS-RNTI may be
assigned to indicate transmissions from UE1, while a second
IDS-RNTI may be assigned to indicate transmissions from
UE2. The eNB may send control messages 1n the PDCCH
configured with the unidirectional first IDS-RNTT to indicate
transmission from UE1. All UEs 1n the inter-device session
may be able to detect and decode the same control messages
transmitted 1in the PDCCH from the eNB. The eNB may send
other control messages 1n the PDCCH configured with the
unidirectional second IDS-RNTI to indicate transmission
from UE2. Note that the unidirectional IDS-RNTI for a trans-
mitting UE may also be indicated to receiving UEs during
configuration of the inter-device session. In some embodi-
ments using the unidirectional IDS-RNTIs, a UE may be
configured with two or more IDS-RNTIs (one that 1s specific
for the IDS transmissions sent by the UE and other IDS-
RNTIs used by other transmitting UEs from which IDS trans-

missions may be received).
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The eNB communicates the IDS-RNTI (either session
IDS-RNTI or unidirectional IDS-RNTIs) as IDS configura-
tion information to a UE. The IDS configuration information
may also include a dedicated supplemental PUCCH alloca-
tion (IDS-PUCCH) for 1DS feedback or other IDS uplink
requests to eNB. It should be understood that the IDS-
PUCCH may be 1n addition to a PUCCH for conventional
UE-eNB operations. In the embodiment with a session IDS-
RNTI, the IDS configuration mformation may also include
the UE-ID for a particular UE 1n the inter-device session.

In some embodiments, additional IDS configuration infor-
mation may be sent, including a dedicated RNTIT (TPC-IDS-
RNTTI) for power control commands sent to a particular UE to
control power of IDS transmissions. The IDS configuration
may include periodic SRS configuration or other reference
signal (RS) configurations specific to the IDS. IDS configu-
ration information may also indicate an initial transmit power
level for the IDS transmissions. Additionally, in some
instances, the eNB will indicate how the UEs are to measure
the signal strength from the other UE. In such cases, the eNB
may 1nclude the other UE’s session ID (within the existing,
UE to UE session), SRS cyclic shift and configuration, and
PUCCH RS location and conﬁguratlon

In some embodiments, on receiving configuration infor-
mation from the eNB, one or more of the UEs involved 1n the
session setup may transmit a reference signal (IDS-RS) or
sounding reference signal (IDS-SRS) as directed by the eNB
session setup commands (530). The IDS-RS/SRS transmis-
s1on may be used by the other UEs to determine whether they
are 1n-range to communicate and, 1f they are, to determine
receive timing window and channel state information (CSI).
In some embodiments, these IDS-RS/SRS transmissions may
be the same as RS/SRS used for conventional channel sound-
ing between the UE and eNB. If used, the location and cyclic
shift/base sequence for (IDS-)SRS assigned to one UE of the
attempted UE to UE session 1s given to the other UE. In this
manner, the UEs may determine 11 there 1s suilicient signal
strength received from the other UE. This information 1s
transmitted to the eNB on the IDS-PUCCH assigned to a UE.
In some embodiments, 11 sutficient signal strength 1s recerved
from the other UE, and both UEs communicate this informa-
tion to the eNB, then the inter-device session may proceed.
During the inter-device session the (IDS-)SRS, 1f assigned,
may be used for, among other things, timing alignment, which
may include receive window alignment by the receiving UE,
timing advance adjustment by eNB to adjust transmission
timing and CQI estimation by the receiving UE. In some
embodiments, the UE may use IDS MAC control elements to
indicate CQI per transmitter. Signaling using IDS MAC con-
trol elements may be particularly usetul in cases where mul-
tiple possible transmitters are defined in the session for a
given receiving UE. In an another embodiment, signal quality

and timing information 1s derived from the reference signals
associated with the PUCCH or IDS-PUCCH of the other UE.

An IDS specific PUCCH may be assigned to each UE for
communicating information to the eNB regarding the inter-
device session channel. This may be anew PUCCH allocation
in addition to a conventional PUCCH allocation for UE to
eNB feedback, or it may be a replacement of the conventional
PUCCH with IDS-PUCCH, or the assignment may be a
replacement of one or more periodic occurrences of the con-
ventional allocated PUCCH ({or example, IDS-PUCCH
replaces PUCCH every n” occurrence).

In addition to the configured replacement of PUCCH by
IDS-PDCCH described, the eNB may allocate different
resources for the PUCCH, for example, through the cqi-
PUCCH-Resourcelndex 1n the CQI-ReportContig IE, or allo-
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cate different periodicities or subirames to differentiate the
IDS-PDCCH and PDCCH transmission received at the eNB.
In some of these embodiments, the C-RNTI of the UE 1s used
to scramble the PUCCH UCI format 2/2a/2b/3, or other con-
trol signalling formats scrambled by an RNTI, when used. In
some variant embodiments, the IDS-RNTI 1s used to
scramble IDS-PUCCH UCT format 2/2a/2b/3, or other con-
trol signalling formats scrambled by an RNTI, when used.
Scrambling by IDS-RNTI may be useful to differentiate the
IDS-PUCCH transmissions from the PUCCH transmission,
and this may enable the UE to selectively transmuit either one
in a given PUCCH allocation. Other UEs 1n the inter-device
session may make use of reference signals of the PUCCH
and/or IDS-PUCCH transmissions for CQI and timing infor-
mation.

The IDS-PUCCH transmission may have the same func-
tionality and format as the conventional PUCCH, except that
its contents (CSI, CQI, ACK, SR, etc.) pertain to the IDS

channel and IDS transmissions. The function of the IDS-
PUCCH 1ncludes providing feedback from a recerving UE to
the eNB related to the channel conditions and recerved signal
from the other UE when there are only two UEs 1n an inter-
device session (535). In some embodiments, feedback may be
gwen for the transmitting UE when there are more than two
UEs 1n the mter-device session but there 1s only one transmit-
ting UE. In another embodiment, a UE may determine the
worst CQI of multiple transmitters (by receiving and measur-
ing other UEs signals) and report that to the eNB as the CQI
of the inter-device session to reduce CQI signalling. The IDS
PUCCH can be used for other functions including sending
IDS HARQ ACK/NACK responses to UE-to-UE packets to
the eNB, making scheduling requests to the eNB (e.g. so that
the requesting UE may be assigned IDS transmission
resources), and 1n some cases providing a UL reference signal
for the other UEs to measure for making CQI/timing mea-
surements. The IDS-PUCCH message may be configured by
LTE PUCCH format 1/1a/1b or format 3 when CSI 1s not
included, and format 2, LTE PUCCH format 2a or L'TE
PUCCH format 2b when CSI 1s included.

For IDS related ACK/NACK transmission, the UE may use

the UE specific assigned IDS-PUCCH resources for trans-
mission ol amessage configured as LTE PUCCH format 2a or
LTE PUCCH format 2b type transmissions, and in cases of
extended cyclic prefix, Format 2. The IDS related ACK/
NACK transmissions to the eNB may also be sent on IDS-
PUCCH configured resources for LTE PUCCH format 1a or
L'TE PUCCH format 1b type message configurations. In some
embodiments for IDS-PUCCH messages configured as LTE
PUCCH format la or LTE PUCCH format 1b, a resource of
the IDS-PUCCH transmission to the eNB can be dertved from
a mapping of an index of a control channel element (CCE)
used to send a PDCCH DCI IDS allocation to the designated

transmitter 1n an inter-device session.
Format 1a/1b 1s a scheme 1n L'TE, 1n which ACK/NACK 1s

sent according to a mapping of downlink resources. The
ACK/NACK feedback 1s sent on PUCCH (or IDS-PUCCH)
based on the mapping of downlink control message resources
(1.e. the ACK/NACK feedback resource 1s not UE specific or
pre-assigned for a particular UE, but instead 1s simply deter-
mined based upon the downlink control message transmis-
s1011).

Format 2a/2b 1s a scheme in LU'TE m which the ACK/NACK
teedback 1s sent on a PUCCH resource that 1s assigned to a
particular UE. Format 2a/2b 1s typically used for CQI report-

ing, but 1t 1s possible to include ACK/NACK feedback with
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the CQI. Format 2 1s used for extended cyclic prefix conﬁgu-
rations, or reporting without ACK/NACK feedback in UE
asmgned resources.

Format 3 1s a scheme 1n LTE for sending a large number of
ACK/NACK bits. The ACK/NACK feedback 1s scrambled by

the C-RNTI of the UE providing the feedback such that the
eNB can determine which UE 1s providing the feedback.

In some embodiments, the resources assigned to a UE for
IDS-PUCCH transmissions (e.g. UTE Format 2, 2a or 2b),

and/or the resources allocated for IDS related ACK/NACK
responses without CQI (e.g. LTE Format la or 1b), may be
different from the resources assigned for non-IDS PUCCH
transmissions.

With regard to ACK/NACK feedback, 1t should be under-
stood that the above mentioned feedback formats used 1n
conventional PUCCH operation may be applied to the feed-
back regarding the IDS transmissions. The ACK/NACK feed-
back describes the feedback about the IDS transmission, but
1s provided by the recerving UE to the eNB. With regard to
RS/SRS operations described above, the operation 1s used by
the UEs to measure the channel and provide feedback to the
eNB regarding the channel between the UEs. This may be
instead of, 1n addition to, or replaced by the standard PUCCH
SRS transmission, 1f present. In embodiments where the 1DS-
PUCCH may be used for the CQI measurement of the UE to
UE channel, the CQI estimate may be approximate as the
IDS-PUCCH may be transmitted on the band edges. In this
configuration, the IDS-PUCCH CQI estimate may not be a
valid estimate of the sub-band CQI.

In a variant of this embodiment shown 1n FIG. 8, the IDS-
PUCCH may be defined within the PUSCH region and not at
the band edges. FIG. 8 1s a graphical diagram showing the
sub-band allocation of resources for an inter-device session
physical uplink control channel. This 1s different from the
normal LTE PUCCH location assignments. In this variant of
the embodiment, the IDS PUCCH 1s located in the PUSCH
region 1n order to provide RS for the other UE to measure in
order to determine sub-band CQI estimates. The IDS-
PUCCH (801 and 802) locations are assigned 1n pairs, with a
different location per slot for slot1(801) and slot1+1 (802), as
tor PUCCH, with the exception that the locations are not at
the band edges.

Either UE1 or UE2 or both of them send an IDS-PUCCH
message to the eNB indicating CSI of the received SRS, or
PUCCH RS or other reference signal from the other UE.
From this feedback, the eNB determines whether 1t 1s feasible
to start IDS resource allocations. Then, eNB sends an alloca-
tion for IDS resources using a PDCCH DCI configured with
the 1inter-device session (IDS) RNTI (540).

IDS resources for direct UE to UE transmission are allo-
cated via grants contained in the PDCCH, ePDCCH or other
DL control channels. A resource allocation configured with
the IDS-RN'TT 1s sent 1n a DL control channel (for example,
the PDCCH region of the subirame) using downlink control
information (DCI) formats. For example, 11 a session IDS-
RNTT 1s used, this allocation uses a Format 0 or 4 DCI with
one additional field to indicate the transmitter granted use of

N B

the resources; the transmitter 1s 1dentified by the session UE-
identifier (UE-ID) provided to the UE by the eNB 1n the
session setup message. The additional field 1s not required,
however, for IDS-RNTIs defined for the transmitter (e.g.
unidirectional IDS-RNTT). The other UE(s) conﬁgured to use
the IDS-RNTT are implicitly assigned the role of recerver for
this resource allocation. The timing of the UE transmission
using the indicated IDS resources 1s relative to the grant
transmission and 1s derived by the UEs from the timing of the
grant and the network configuration.
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Both UE1 and UE2 decode which includes information on
which UE is transmitting (UE1 1n this example).

Using the resources 1indicated, UE1 transmits a message to
UE2 using the designated IDS-PUSCH/PDSCH resources
(545). Subsequently, UE2 sends a HARQ ACK/NACK
response to the eNB regarding the recerved IDS transmission
(550). The eNB can send an ACK/NACK indication to UE1
(554). For example, a NACK can be sent indicating the trans-
mission was not successtully recerved.

The ACK/NACK response can be sent using IDS-PUCCH
resources as previously described. In some cases, the ACK/
NACK response 1s sent via UE-specific assigned IDS-
PUCCH, for example, 1n an LTE Format 2a or 2b (or format
2) type message. In other cases, the ACK/NACK response 1s
sent via IDS-PUCCH resources, for example, in an LTE For-
mat la or 1b type message. In cases where a LTE Format 1a
or 1b type message 1s used, the specific IDS-PUCCH
resources used for the transmission s dertved from a mapping
of the location of a resource used to send the DL control
message to IDS-PUCCH resources.

As described 1n the embodiments, the allocation message
can indicate the transmitting UE for the allocated IDS
resources as described in the embodiments, and hence, 1n
another allocation message the eNB may 1indicate UE2 as the
transmitting UE. The eNB sends another allocation for IDS-
PUSCH/PDSCH resources using a PDCCH DCI configured
with the IDS-RNTI (555). The new data indicator (NDI) 1n
the DCI indicates whether this 1s a HARQ re-transmission of
a previously transmitted packet from UE2 to UE1 or the first
HARQ transmission of the next packet. Using the resources
indicated, UE2 transmits a message to UE1 using the desig-
nated IDS-PUSCH/PDSCH resources (360), the message
including a new packet transmissions or retransmission of the
previous packet as indicated by the NDI. Thereafter, UE1
sends a HARQ ACK/NACK response to the eNB regarding
the last received 1DS transmission (365). For example, an

ACK can be sent indicating the transmission was successiully
received. The eNB can send an ACK/NACK 1ndication to

UE1 (5§70).

Referring to the transmission from UE1 to UE2 (545) and
subsequent feedback from UE2 to the eNB (550), 1n some
instances, the eNB relays the UE2 ACK/NACK {feedback to
UE1, using the physical HARQ) indicator channel (PHICH)
In some embodiments, the indication may be transmitted via
an IDS-specific PHICH different from a downlink transmis-
s10n resource used for acknowledgement/negative acknowl-
edgement (ACK/NACK) feedback for UE to eNB uplink
transmissions. IDS-PHICH 1s specific for this inter-device
session, and may be different from PHICH that 1s used for
non-IDS UE-eNB communications. Note that in some cases,
a further allocation for another IDS transmission from UE1 to
UE2 can be sent with an NDI field in the PDCCH DCI that
indicates a new transmission or re-transmission of previous
packet. Hence, the NDI field may provide implicit indication
of the ACK/NACK {feedback.

In some embodiments, the resource allocation 1s “asyn-
chronous HARQ” such that the PDCCH DCI allocates
resources for a single IDS transmission; aiter an IDS trans-
mission, UE1 recerves an ACK/NACK response on the
PHICH corresponding to the IDS transmission. UE1 can
interpret the ACK/NACK feedback on its own and determine
to retransmit 1I necessary in the next IDS transmission to
UE2.

In some other embodiments, the resource allocation i1s
“synchronous HARQ” such that the PDCCH message allo-
cates resources for one or more periodic resources for an IDS
packet transmission and potential retransmissions up to a
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maximum number of retransmissions; after an IDS transmis-
sion, UE1 receives either a further PDCCH DCI correspond-
ing to the IDS transmission or an ACK/NACK response on the
PHICH corresponding to the I1DS transmission. If a PDCCH
DCI corresponding to the IDS transmission 1s recerved, UE1
can determine if a new packet transmissions or retransmission
1s scheduled from the NDI. If a PDCCH DCI corresponding

to the IDS transmission 1s not received, the UE can determine
interpret the ACK/NACK feedback on the PHICH corre-
sponding to the IDS transmission, and determine to retrans-
mit 1f necessary 1n the next IDS transmission to UE2 accord-
ing the synchronous HARQ assignment.

The above mentioned process of allocation/transmission of
HARQ ACK/NACK feedback along with periodic sounding
may continue until the inter-device session 1s terminated or
the IDS 1s otherwise reconfigured by the eNB.

Depending on the configuration assigned by the eNB, one
or both of the UEs send sounding reference signals (SRS) as
indicated by the eNB session setup commands (530). The
sounding reference signal may be specifically assigned for
use 1 an IDS (1.e. an IDS-SRS), or the SRS may be the SRS
normally assigned to a UE for UE-eNB communications.

Either UE1 or UE2 or both send an IDS-PUCCH/PDSCH
message to the eNB indicating CSI of the received (IDS-)SRS
from the other UE. In this example, the current receiver, UE2,
may also send a scheduling request (SR) if UE2 has data that
UE2 wishes to send to UEL.

FIG. 6 1s a message sequence diagram 600 illustrating an
example network operation for an inter-device session. In this
packet oriented UE-1nitiated mechanism 600, a first UE 6104
(UE1) mitiates a device to device setup to a second UE 6105
(UE2) by sending a bearer resource allocation request to the
network (625). The network can chose to 1gnore or grant this
request based on device and network capabilities, as well as
policies and tratfic loading. It allowed, Mobility Management
Entity (MME 615) sends a request to eNB 605 to initiate a
device to device radio bearer connection between UE1 and
UE2 (630). eNB 603 can provide IDS-RN'TT and other setup
information, and instructs UE1 and UE2 to report CQI
received from the other UE’s SRS/PUCCH/IDS-PUCCH sig-
nals (635). UE1 and UE2 report recerved channel conditions
(e.g. CQI) of the device to device channel to eNB 605 (640).
If device to device channel conditions are sullicient to estab-
lish a session, eNB 605 propagates successiul “ACK”™ to the
MME (645). The eNB 605 allocates PUSCH/PDSCH
resources using IDS-RNTT encoded grants in PDCCH so that
packet exchange between UE1 and UE2 now occurs over the
device to device connection, bypassing the network infra-
structure (650), as described in FIG. 5.

FI1G. 7 1s a tflow chart 700 illustrating an example process of
inter-device session communications that may be performed
by a network node of a mobile communications network. The
network node may be an evolved Node B (eNB) of a commu-
nications network, such as a long term evolution (LTE) net-
work, or another network node, described above. The net-
work node can receive an indication (702) that a first UE
(UE1) wants to communicate with a second UE (UE2). Thus
indication can be a recerved data packet addressed to the
second UE, or the indication can be a request for resources.
The 1ndication can also include a request or indication that
UE1 wants to communicate with UE2 in an inter-device ses-
sion (704). In certain 1stances, the network node can deter-
mine (706) that an inter-device session may be possible
between UE1 and UE2. The network node can make this
determination based on known iformation about UE1 and
UE2, such as whether the UEs are in the same cell. The
network node can also base this determination on network
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loads and channel conditions—information that 1s known or
that can be discovered through feedback received from the
UEs (discussed more below). The network node can also
determine, without an explicit request from the UEs, that an
inter-device session can occur and can 1nitiate an inter-device
session without a request from the UEs. In short, the UE or the
network node can 1nitiate the inter-device session.

In certain instances, the network node can recetve a request
(e.g., from UE1) for resources to communicate data from
UE1 to a second UE (UE2) (707). The network node can use
the request for resources to initiate an inter-device session
between UE1 and UE2. Such an mitiation can be executed
based on a number of other factors, imncluding those listed
above.

In some embodiments after the network node has deter-
mined that the network will 1initiate an inter-device session,
the network node can configure a first IDS-PUCCH for UE1
(708), on which UE1 can transmit a feedback message to the
eNB. The network node can also configure a second IDS-
PUCCH for UE2 (710), on which UE2 can transmit a feed-
back message to the eNB. The network node can also allocate
resources for the UEs to transmit and/or receive data in an
inter-device session (712). The resources may be allocated
using a PDCCH DCI configured with an IDS-Identifier.

The network node can transmait to UE1 UFE1-configuration
information for an inter-device session (IDS) between UFEI1
and UE2 (714). The UE1l configuration information can
include a radio network identifier. Similarly, configuration
information can be sent to UE2 (716). This configuration
information may include configuration information used by
UE2 to measure signals from UE1 The configuration infor-
mation transmitted to UE1 (714) and UE2 (716) may also
contain the first IDS-PUCCH configuration (708) and the
second IDS-PUCCH) configuration, respectively. The net-
work node can also transmit a control message that 1s config-
ured with the radio network identifier and 1dentifies a radio
resource for the IDS, such that UE1 1s permitted to transmit
data directly to UE2 wvia the radio resource (718). In some
cases, the control message (718) may be the same as the
allocatlon message (712). Put differently, the network node
can transmit a setup message to UE1. The set-up message can
include an IDS-physical uplink control channel (IDS-
PUCCH), a radio network identifier, such as an IDS-radio
network temporary identifier (IDS-RNTI), etc. In certain
implementations, configuration information can be used by
UE1 to measure signals from UE2 for feedback purposes,
such as channel state indicators, rank indicators, precoding
matrix idicators, etc., from physical uplink control channel
(PUCCH), reference signals, sounding reference signal
(SRS), efc.

The network node may also recerve a feedback message
(720), for example, including positive or negative acknowl-
edgement (ACK/NACK) from UE2 regarding the IDS trans-
mission from UE1 to UE2. The AKC/NACK feedback may be
sent from UE2 via a configured IDS-PUCCH. In some cases,
the network node can indicate the ACK/NACK feedback
from UE2 regarding the IDS transmission to UE1 (722) via
PHICH, NDI of the PDCCH DCI, or other methods as
described 1n the embodiments.

In certain implementations, UE1 configuration informa-
tion can be transmitted in a radio resource control (RRC)
message. The RRC message can be transmitted via a down-
link shared channel, such as a physical downlink shared chan-
nel (PDSCH).

A first reference signal can be configured for UE1. Con-
figuration information including the first reference signal
configuration can be provided to UE2, e.g., in an radio
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resource control (RRC) message. The first reference signal
configuration can 1identify a sounding reference signal (SRS)
resource. The first reference signal configuration may be
associated with a physical uplink control channel configura-
tion. The physical uplink control channel configuration may
be an IDS-specific physical control channel configuration for
an inter-device session between UE1 and UE2 or the configu-
ration may be the physical uplink control channel normally
allocated to a UE for UE-eNB communications.

The reference signal configuration identifies a reference
signal for UE2 to monitor from UE1, which may be a refer-
ence signal resource specifically allocated for the inter-device
session. The reference signal can be used by UE2 to deter-
mine a channel state between UE1 and UE2. The reference
signal can also be used by UE2 to determine timing alignment
for the inter-device session. The network node can receive
channel state indicator (CSI) from UE2. For example, the
network node can receive a channel state indicator on an
IDS-specific physical uplink control channel. The channel
state indicator can indicate a channel state between UE1 and
UE2. The channel state indicator can be recerved from UE2
via an IDS-specific physical uplink control channel. The
channel state indicator can include one or more of a channel
quality indicator (CQI), precoding matrix index (PMI), rank
indicator (R1I), or precoding type indicator (PT1). The CSI can
report a channel state of a direct radio channel from UE1 to
UE2.

The network node can determine, based on feedback from
at least one of UF1 or UE2, that the IDS has been established.
For example, the network node can determine, based on the
channel state indicator received from UE2, that the IDS has
been established.

In certain implementations, transmission timing for the
IDS radio resource can be based on a timing alignment for an
uplink resource from UEI1 to the network node.

In certain implementations, the configuration information
and/or control messages can be shared between the UEs or
can be different for the different UEs. For example, a first IDS
physical uplink control channel (IDS-PUCCH1) can be con-
figured for use by UE1. The first IDS-PUCCHI1 can provide
an uplink resource for UE1 to transmit an uplink control
message related to the IDS. A second IDS physical uplink
control channel (IDS-PUCCH2) can be configured for use by
UE2. The second IDS-PUCCH2 can provide an uplink
resource for UE2 to transmit an uplink control message
related to the IDS. The uplink control message can include
one or more of an IDS schedule request, IDS channel state

reporting, or IDS acknowledgement/negative acknowledge-
ment (ACK/NACK) feedback. The IDS-PUCCH2 can be

assocliated with the radio network identifier, such as a RNTI.

In certain implementations, an IDS physical uplink control
channel (IDS-PUCCH1) can be configured that 1s associated
with the inter-device session. The IDS-PUCCHI1 can be con-
figured for use with the (IDS-) radio network 1dentifier. The
IDS-PUCCH1 may be configured for use with the cell radio
network temporary i1dentifier (CRNTI) of UE1l. The IDS-
PUCCHI1 may be 1n addition to a physical uplink control
channel (PUCCH) associated with a CRNTI of UEL. The
IDS-PUCCH1 may be configured in a sub-band associated
with the IDS radio resource for the inter-device session. In
some 1mplementations, the IDS-PUCCH may be allocated 1n
sub-bands other than at the edges of the UL spectrum. In
certain implementations, the IDS-PUCCHI1 1s configured
prior to transmitting the control message. A configuration
message can be transmitted to UE2, the configuration mes-
sage 1ndicating one or both of the IDS-PUCCHI or a refer-
ence signal associated with the IDS-PUCCHI1, wherein at
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least a portion of the IDS-PUCCHI1 or the reference signal
associated with the at least a portion of the IDS-PUCCHI1 1s
used by UE2 to determine a channel state for the sub-band
associated with the IDS radio resource for the inter-device
session. An IDS radio resource sub-band can be determined
based, at least 1n part, on the channel state for the sub-band
associated with the IDS radio resource.

The network node can also configure an IDS physical
uplink control channel (IDS-PUCCH1) that 1s associated
with the inter-device session and configured for use with the
(IDS-) radio network identifier. The IDS-PUCCH1 can be
transmitting 1n addition to a physical uplink control channel
(PUCCH) associated with a CRNTI of UELl. The IDS-
PUCCH1 and the PUCCH can be configured 1n the same
radio resources. In some 1nstances, the IDS-PUCCHI1 can be
configured for use by only UFE1. In these instances, a second

IDS physical uplink control channel (IDS-PUCCH2) can be
configured for the inter-device session. The IDS-PUCCH2
would be configured for use by only UE2. The IDS-PUCCH2
may be configured for acknowledgement (ACK) or negative
acknowledgement (NACK) feedback from UE2 associated
with the inter-device session.

The network node can receive a feedback message from
UE2 that includes feedback indicating whether UE2 recerved
a transmission from UFE1L. The control message can be trans-
mitted via a downlink control channel. The feedback message
from UE2 can be recerved on an uplink transmission resource
that 1s derived from a mapping of an index of the downlink
control channel. The uplink transmission resource may be an
IDS uplink transmission resource that 1s different from a
further uplink transmission resource for ACK/NACK feed-
back for eNB to UE downlink transmissions. The uplink
transmission resource may be dedicated for ACK/NACK
feedback for UE to UE IDS transmissions. In some instances,
the control message 1s transmitted using a PDCCH resource
configured with the radio network identifier. The feedback
message from UE2 may be received on an IDS-PUCCH
resource dertved from a mapping of a control channel element
(CCE) of the PDCCH. In some 1nstances, the feedback may
include a hybrid automatic repeat request (HARQ) acknowl-
edgement/negative  acknowledgement (ACK/NACK)
response from UE2. When the HARQ ACK/NACK response
1s a NACK, the network node can transmit a further control
message that includes an allocation of a further radio resource
for UE1 to retransmit the previous transmission. The feed-
back indicator may include a channel quality indicator
regarding the quality of the transmission from UFE1 to UE2.

The network node can transmit, to UE1, an indication of
the feedback recerved from UE2. The indication of the feed-
backmay be sent as a new data indicator of a downlink control
information (DCI) element of a physical downlink control
channel. The indication of the feedback may be sent on a
physical hybrid automatic repeat request (HARD) indication
channel (PHICH). The indication may be transmitted via an
IDS-specific PHICH different from a downlink transmission
resource for acknowledgement/negative acknowledgement
(ACK/NACK) feedback for UE to eNB uplink transmissions.
IDS-PHICH 1s specific for this inter-device session, and may
be different from PHICH that 1s used for non-IDS UE-eNB
communications.

In certain aspects of the implementations, the radio

resource for the imter-device session may include one of LTE
physical uplink shared channel (PUSCH) resources or LTE

physical downlink shared channel (PDSCH) resources.

The network node may transmit, to UE2, UE2 configura-
tion information for the IDS between UE1 and UE2. UE2
configuration mformation may include the same radio net-
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work 1dentifier as UE1. In some implementations, the radio
network 1dentifier 1s an inter-device session radio network
temporary 1dentifier (IDS-RNTT).

In some implementations, the UE1 configuration informa-
tion further includes a session UE1-1dentifier (UE1-1ID), and
the UE2 configuration information further includes a session
UE2-1dentifier (UE2-1D), the UE1-ID being different from
the UE2-ID. The control message that includes an allocation
of the radio resource for the IDS further includes the radio
network 1dentifier and an indication of either the UE1-ID or
the UE2-ID. Transmitting the control message may also
include or mvolve transmitting the control message to UE1
and UE2. The control message indicates that UE1 1s to trans-
mit and UE2 1s to recerve 1i the control message indicates the
UE1-ID, and the control message indicates that UE2 1s to
transmit and UE1 1s to recerve 11 the control message indicates
the UE2-ID.

For the same radio network identifier, the UE1 configura-
tion information indicates that UE1 i1s a transmitter and the
UE2 configuration information indicates that UE2 1s a
receiver. The UFE1 configuration information can be a first
UE1 configuration mformation and the UE2 configuration
information can be a first UE2 configuration information. The
radio network identifier included 1n first UE1 configuration
information and first UE2 configuration information can be a
first radio network 1dentifier. In certain instances, the network
node can transmit a second UE1 configuration information to
UE1. The network node can also transmit a second UE2
configuration information to UE2. The second UE1 configu-
ration mformation and the second UE2 configuration infor-
mation include a second radio network identifier. The second
radio network 1dentifier 1s different from the first radio net-
work 1dentifier and indicates that, for the second radio net-
work 1dentifier, UE1 1s a receiver and UE2 1s a transmitter.

In certain aspects of the implementations, the radio net-
work 1dentifier included in the UE1 configuration informa-
tion 1s a {irst radio network 1dentifier, and the UE2 configu-
ration information includes a second radio network 1dentifier.
The first radio network identifier may be a first IDS radio
network temporary 1dentifier (IDS-RNTI-UE1), and the sec-
ond radio network identifier maybe a second IDS radio net-
work temporary 1dentifier (IDS-RNTI-UE2).

In certain implementations, the network node may trans-
mit, to UE1, a transmit power control radio network 1dentifier
for power control commands associated with the IDS. The
transmit power control radio network identifier can be
included in UFE1 configuration information. The network
node may transmit at least one power control command con-
figured with the transmit power control radio network 1den-
tifier, the power control command controlling the transmit
power for transmissions between UE1 and UE2. The power
control command can be configured to adjust transmit power
of a reference signal transmitted by UE1 and received by UE2
for channel state information measurement. The transmuit
power control radio network 1dentifier maybe a Radio Net-
work Temporary Identifier (RNTT).

In some 1nstances, more than two UEs can be 1nvolved 1n
the inter-device session. For example, the network node can
transmit, to a third UE (UE3), UE3 configuration information
for the IDS among UE1, UE2, and UE3.

FI1G. 9 1s a flow chart 900 illustrating an example process of
inter-device session communications that may be performed
by a user equipment (UE) operating in a wireless communi-
cations network. The UE (UE1) may be a cellular handset,
such as a cellular phone or smartphone, or may be a tablet PC,
or may be any other user equipment that can communicate
with other user equipment 1n a wireless communications net-
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work, such as a long term evolution (LTE) network. UE1 can
transmit an 1ndication that UE1 wants to communicate with a
second UE (UE2) (910). This indication can be a data packet
addressed to the second UE, or the indication can be a request
for resources. The indication can also include a request or
indication that UE1 wants to communicate with UE2 in an
inter-device session. In certain instance, the network node can
determine that an inter-device session can occur between
UE1 and UE2.

UE1 canrecerve from the network node UE1-configuration
information for an inter-device session (IDS) between the UE
and UE2 (915). The UE1 configuration information can
include a radio network identifier. Put differently, UE1 can
receive a set-up message from the network node. The set-up
message can include an IDS-physical uplink control channel
(IDS-PUCCH), a radio network 1dentifier, such as an 1DS-
radio network temporary 1dentifier (IDS-RNTTI), etc. In cer-
tain implementations, configuration mnformation can be used
by UE1 to measure signals from UE2, such as physical uplink
control channel (PUCCH), sounding reference signal (SRS),
channel state indicators, rank indicators, precoding matrix
indicators, etc. Such signals can be used for feedback pur-
poses. Similarly, configuration information can be sent to
UE2 and used by UE2 to measure signals from UFE1.

The UE1 can also recetve a control message from the
network node (920). UE1 can also receive (e.g., with the
control message) a message configured with the radio net-
work 1dentifier and an 1dentification of a radio resource for the
IDS, such that UE1 1s permitted to transmit data directly to
UE2 via the radio resource (930). UE1 can send data to UE2
using the IDS resources indicated 1n allocation information
configured with the IDS-RNTT (935). UE1 can receive feed-
back imnformation or a feedback signal from the base station
(940).

In certain implementations, UE1 configuration informa-
tion can be recerved 1n a radio resource control (RRC) mes-
sage. The control message can be recerved via a downlink
control channel, such as a physical downlink control channel
(PDCCH) or enhanced physical downlink control channel
(ePDCCH). The control message can be received in a Down-
link Control Information (DCI) element of the downlink con-
trol channel.

A first reference signal can be configured for UE1. Con-
figuration information including the first reference signal
configuration can be provided to UE2, e.g., in an radio
resource control (RRC) message. The first reference signal
configuration can identily a sounding reference signal (SRS)
resource. The first reference signal configuration may be
associated with a physical uplink control channel configura-
tion. The physical uplink control channel configuration 1s an
IDS-specific physical control channel configuration for an
inter-device session between UE1 and UE2.

The reference signal configuration i1dentifies a reference
signal for UE2 to monitor from UEI1, and can also identity a
reference signal resource for the inter-device session. The
reference signal can be used by UE2 to determine a channel
state between UE1 and UE2. The reference signal can also be
used by UE2 to determine timing alignment for the inter-
device session. The network node can receive channel state
indicator (CSI) from UE2. For example, the network node can
receive a channel state indicator on an IDS-specific physical
uplink control channel. The channel state indicator can indi-
cate a channel state between UE1 and UE2. The channel state
indicator can be received from UE2 via an IDS-specific
physical uplink control channel. The channel state indicator
can 1nclude one or more of a channel quality indicator (CQI),
precoding matrix index (PMI), rank indicator (R1I), or precod-




US 9,271,302 B2

21

ing type idicator (PT1). The CSI can report a channel state of
a direct radio channel from UE1 to UE2.

UE1 can provide feedback to the network node, from
which the network node can determine whether the I1DS has
been established (925). For example, the network node can
determine, based on the channel state indicator recerved from
UE1 or UE2, that the IDS has been established.

In certain implementations, transmission timing for the
IDS radio resource can be based on a timing alignment for an
uplink resource from UEI1 to the network node.

UE2 may provide feedback, such as acknowledgement/
negative acknowledgement (ACK/NACK) feedback, to the
eNB 1n regarding the IDS transmission from UFE1 to UE2
(935). The feedback sent to the eNB can be over the IDS-
PUCCH or other methods as described 1n the embodiments.

UEI1 can receive an indication of the feedback received by
the eNB from UE2 (940). The indication of the feedback may
be sent as a new data indicator of a downlink control infor-
mation (DCI) element of a physical downlink control chan-
nel. The indication of the feedback may be sent on a physical
hybrid automatic repeat request (HARD) indication channel
(PHICH). The indication may be transmitted via an IDS-
specific PHICH different from a downlink transmission
resource for acknowledgement/negative acknowledgement
(ACK/NACK) teedback for UE to eNB uplink transmissions.
IDS-PHICH 1s specific for this inter-device session, and may
be different from PHICH that 1s used for non-IDS UE-eNB
communications.

In certain aspects of the implementations, the radio
resource for the inter-device session may include one of LT

physical uplink shared channel (PUSCH) resources or LT
physical downlink shared channel (PDSCH) resources.

The network node may transmuit, to UE2, UE2 configura-
tion miformation for the IDS between UE1 and UE2. UE2
configuration mformation may include the same radio net-
work 1dentifier as UEL. In some implementations, the radio
network 1dentifier 1s an inter-device session radio network
temporary 1dentifier (IDS-RNTT).

In some 1implementations, the UE1 configuration informa-
tion further includes a session UE1-1dentifier (UE1-1D), and
the UE2 configuration information further includes a session
UE2-1dentifier (UE2-1D), the UE1-ID being different from
the UE2-1D. The control message that includes an allocation
of the radio resource for the IDS further includes the radio
network identifier and an indication of either the UE1-ID or
the UE2-ID. Transmitting the control message may also
include or mmvolve transmitting the control message to the
UE1 and UE2, and the control message indicates that UE1 1s
to transmit and UE2 1s to receive if the control message
indicates the UE1-ID and the control message indicates that
UE2 1s to transmit and UE1 1s to receive 1f the control message
indicates the UE2-1D.

In implementations where a single radio network 1identifier
1s used, the UE1 configuration information can indicate that
the UE1 1s a transmitter and the UE2 configuration informa-
tion 1indicates that UE2 1s a recerver (e.g., 1n situations where
that 1s true). The UE1 configuration information can be a first
UE1 configuration information and the UE2 configuration
information can be a first UE2 configuration information. The
radio network 1dentifier included 1n first UE1 configuration
information and first UE2 configuration information can be a
first radio network 1dentifier. In certain instances, the network
node can transmit a second UE1 configuration information to
UE1. The network node can also transmit a second UE2
configuration information to UE2. The second UE1 configu-
ration mformation and the second UE2 configuration infor-
mation includes a second radio network identifier, the second
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radio network 1dentifier different from the first radio network
identifier and indicates that, for the second radio network
identifier, UE1 1s a recerver and UE2 is a transmuitter.

While several implementations have been provided 1n the
present disclosure, 1t should be understood that the disclosed
systems and methods may be embodied 1n many other spe-
cific forms without departing from the scope of the present
disclosure. The present examples are to be considered as
illustrative and not restrictive, and the intention 1s not to be
limited to the details given herein. For example, the various
clements or components may be combined or integrated 1n
another system or certain features may be omitted, or not
implemented.

Also, techniques, systems, subsystems and methods
described and illustrated 1n the various implementations as
discrete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown
or discussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating
through some interface, device, or intermediate component,
whether electrically, mechanically, or otherwise. Other
examples of changes, substitutions, and alterations are ascer-
tainable by one skilled 1n the art and could be made without
departing from the spirit and scope disclosed herein.

While the above detailed description has shown, described,
and pointed out the fundamental novel features of the disclo-
sure as applied to various implementations, 1t will be under-
stood that various omissions and substitutions and changes 1n
the form and details of the system 1llustrated may be made by
those skilled 1n the art, without departing from the intent of
the disclosure. In addition, the order of method steps not
implied by the order they appear 1n the claims.

What 1s claimed 1s:
1. A method performed by a first user equipment (UE), the
method comprising:
signaling, by the first UE, capabilities that indicate whether
the first UE 1s able to receive inter-device session (IDS)
data and downlink data from a network node 1n one
subirame, wherein the signaled capabilities cause the
network node to schedule the IDS data and the downlink
data from the network node 1n one subirame;
recerving configuration information for the first UE (UFE1
confliguration information) for an IDS between the first
UE and a second UE, the UE1 configuration information
including a radio network 1dentifier; and
recerving a control message configured with the radio net-
work 1dentifier and a radio resource 1dentifier, the radio
resource 1dentifier corresponding to an IDS radio
resource for transmitting data directly from the first UE
to the second UE.
2. The method of claim 1, wherein transmission timing for
the IDS radio resource 1s based on a timing alignment for an
uplink resource from the first UE to the network node.
3. The method of claim 1, further comprising transmitting,
a request, to the network node, for a transmission resource to
send data from the first UE to the second UE.
4. The method of claim 1, further comprising transmitting,
data directly to the second UE during the 1DS.
5. The method of claim 1, further comprising:
receving a set-up message, the set-up message icluding
an IDS physical uplink control channel (IDS-PUCCH)
that 1s associated with the IDS and configured for use
with the radio network 1dentifier; and
transmitting an uplink control message using an uplink

resource provided by the IDS-PUCCH.




US 9,271,302 B2

23

6. The method of claim 5, wherein the uplink control mes-
sage includes one or more of: an IDS schedule request, IDS

channel state reporting, or IDS acknowledgement/negative
acknowledgement (ACK/NACK) feedback.

7. The method of claim 1, further comprising measuring,
signals recerved from the second UE based at least partly
upon the UE1 configuration information, and using a mea-
surement to determine the 1DS channel quality.

8. A first user equipment (UE) comprising;

a transceiver configured to:

signal capabilities that indicate whether the first UE 1s
able to receive inter-device session (IDS) data and
downlink data from a network node 1n one subframe,
wherein the signaled capabilities cause the network
node to schedule the IDS data and the downlink data
from the network node 1n one subframe:;

receive configuration information for the first UE (UE1
configuration mnformation) for an IDS between the
first UE and a second UE, the UE1 configuration
information including a radio network identifier; and

receive a control message configured with the radio net-
work 1dentifier and a radio resource identifier, the
radio resource identifier corresponding to an IDS
radio resource for transmitting data directly from the
first UE to the second UE.

9. The UE of claim 8, wherein transmission timing for the
IDS radio resource 1s based on a timing alignment for an
uplink resource from the first UE to the network node.

10. The UE of claim 8, wherein the transceiver 1s further
configured to transmit a request, to the network node, for a
transmission resource to send data from the first UE to the
second UE.

11. The UE of claim 8, wherein the transceiver 1s further
configured to transmit data directly to the second UE during
the IDS.

12. The UE of claim 8, wherein the transceiver 1s further
configured to:

receive a set-up message, the set-up message imncluding an

IDS physical uplink control channel (IDS-PUCCH) that
1s associated with the IDS and configured for use with
the radio network 1dentifier, and

transmit an uplink control message using an uplink

resource provided by the IDS-PUCCH.

13. The UE of claim 12, wherein the uplink control mes-
sage 1ncludes one or more of: an IDS schedule request, IDS
channel state reporting, or IDS acknowledgement/negative
acknowledgement (ACK/NACK) feedback.

14. The UE of claim 8 further comprising a processor
configured to measure signals received from the second UE
based at least partly upon the UE1 configuration information,
and using a measurement to determine the IDS channel qual-

1ty

15. A first user equipment (UE) comprising:
a transceiver configured to:
signal capabilities that indicate whether the first UE 1s
able to receive inter-device session (IDS) data and
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downlink data from a network node 1n one subirame,
wherein the signaled capabilities cause the network

node to schedule the IDS data and the downlink data
from the network node 1n one subframe;:

receive configuration mformation for the first UE (UE1
configuration information) for an IDS between the
first UE and a second UE, the UE1 configuration
information including a radio network 1dentifier;

receive a set-up message, the set-up message including
an IDS physical uplink control channel (IDS-
PUCCH) that 1s associated with the IDS and config-
ured for use with the radio network 1dentifier; and

transmit an uplink control message using an uplink
resource provided by the IDS-PUCCH;

wherein the IDS-PUCCH 1s in addition to a physical uplink

control channel (PUCCH) associated with a cell radio
network temporary 1dentifier (CRN'TTI) of the first UE.
16. The UE of claim 15, wherein the uplink control mes-
sage 1ncludes one or more of: an IDS schedule request, 1DS
channel state reporting, or IDS acknowledgement/negative
acknowledgement (ACK/NACK) feedback.
17. The UE of claim 15, wherein the transceiver 1s further
configured to receive a control message configured with the
radio network i1dentifier and a radio resource identifier, the
radio resource identifier corresponding to an IDS radio
resource for transmitting data directly from the first UE to the
second UE.
18. The UE of claim 15, wherein transmission timing for
the IDS radio resource 1s based on a timing alignment for an
uplink resource from the first UE to the network node.
19. The UE of claim 15, wherein the transceiver 1s further
configured to transmit a request, to a network node, for a
transmission resource to send data from the first UE to the
second UE.
20. The UF of claim 15, wherein the transceiver 1s further
configured to transmit data directly to the second UE during
the IDS, and using a measurement to at least determine the
IDS channel quality.
21. A method performed by a network node, the method
comprising;
recerving, from a first UE, capabilities that indicate
whether the first UE 1s able to receive inter-device ses-
sion (IDS) data and downlink data from a network node
in one subiframe, wherein the recerved capabilities cause
the network node to schedule the IDS data and the down-
link data from the network node 1n one subframe;

sending configuration imformation for the first UE (UE1
configuration information) for an IDS between the first
UE and a second UE, the UE1 configuration information
including a radio network identifier; and

sending a control message configured with the radio net-

work 1dentifier and a radio resource 1dentifier, the radio
resource 1dentifier corresponding to an IDS radio
resource for transmitting data directly from the first UE
to the second UFE.
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