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Sidelink optimization for loT relaying

TECHNICAL FIELD
The present disclosure generally relates to wireless communication, and in particular to

relaying for internet of things (IoT) devices.

BACKGOUND

Sidelink communication

Sidelink (SL) communication is introduced in 3rd generation partnership project (3GPP) long
term evolution (LTE) release 12, focusing on public safety use cases for the support of one-
to-many communications. In release 13, SL communication is enhanced to support user
equipment (UE) based relaying to extend the network coverage. It includes the support of
one-to-one SL communication, which is performed on the application layer transparent to

the access stratum.

From release 14 — release 15, SL communication is enhanced to support a new set of use
cases, called vehicle-to-vehicle and vehicle-to-infrastructure communications (V2X) using
LTE. With the support of the new radio (NR) radio interface introduced in release 15, NR
based SL communication has been studied in release 16 to support enhanced V2X services.
In release 17, there is a study item on single-hop (relay) SL communication over NR-SL (see
for example the 3GPP document RP-193253 entitled ‘New SID: Study on NR sidelink relay’).

The following sections provide a brief background description of the NR-SL interface designed
for V2X application. For more details about the NR-SL interface, see for example 3GPP TR
38.885v16.0.0, TS 38.331v16.3.1, TS 38.211v16.4.0, TS 38.214 v16.4.0, TS 38.321 v16.3.0,
TS 24.386 v16.2.0, TS 24.334 v17.0.0, and TS 24.587 v17.0.0.

NR-SL protocol stacks

Figure 1a shows the user plane (UP) protocol stack for the sidelink interface, which is also
referred to as a PC-5 (or PC5) interface. The UP protocol stack includes service data
adaption protocol (SDAP), packet data convergence protocol (PDCP), radio link control
(RLC), medium access control (MAC), and physical (PHY) layers. The major difference
between the LTE V2X and NR V2X is that LTE V2X supports only broadcast messaging,
while NR V2X supports unicast, multicast, and group cast messaging at access stratum (AS)

layers.
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Figure 1b shows the control plane (CP) protocol stack for NR V2X sidelink. It includes PDCP,
RLC, MAC, and PHY layers. The control signals are transmitted over Physical Sidelink
Control Channel (PSCCH) and can be used to transmit both Radio Resource Control (RRC)
(that is, PC5-RRC) and non-access stratum (NAS) signaling (PC5-S). PC5-RRC signaling

exchange is started after the initial link setup using PC5-S signaling.

Unicast link establishment

A unicast link establishment procedure in NR-V2X is shown in Figure 2. In Figure 2, UE1 is
the initiating UE and UEZ2 is the destination UE. The following pre-conditions should be met
by UE1 before initiating the connection establishment:

e The upper layer of UE1 has requested to send a packet over PC5.

e The application layer identifier (ID) (and hence the layer-2 ID) of UE1 is available. The

application layer ID may for example be self-assigned or pre-configured.

The messages involved in the link establishment procedure is described in respective
sections below. For more details about the link establishment procedure, see for example
3GPP TR 38.885 v16.0.0, TS 24.386 v16.2.0, 24.334 v17.0.0, and 24.587 v17.0.0.

Direct Communication request

UE1 initiates the connection establishment procedure by sending a Direct Communication
Request (DCR) message. A DCR contains:
e The application layer ID of the UE1.
¢ |t may also include the application layer ID of UE2, if known to UE1.
e A service identifier of the service that UE1 wants.
e A key establishment information container which contains information for PC5 unicast
link key establishment.
e A Nonce_1 (a random number) set to a 128-bit nonce value produced by UE1 for the
key establishment session.
e Alist of security algorithms that UE1 supports to set-up security over the PC5 unicast
link.
o Knre ID (a 256-bit root key to authenticate two UEs), if UE1 has an existing Knrp for
UE2 (that is, when there is already a PC5 unicast link between UE1 and UE2).
e 8 MSBs (Most Significant Bit) of the Knrr.sess ID that are selected by UE1 (Knrp-sess 1S
the 256-bit key to protect the data exchange between the UEs).
Upon reception of the DCR from UE1, UE2 stores the layer-2 ID of UE1. Also, UE2 assigns a
unique layer-2 ID for itself (mapped from the application layer-ID of UE2). When UEZ2 receives

the DCR from UE1, UE2 proceeds to a link authentication procedure to derive the Kyre.
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Direct link authentication

Direct link authentication is performed for mutually authenticating UE1 and UE2, and to
acquire a new security key shared between UE1, and UE2. To initiate the link authentication
procedure, UE2 creates a direct link authentication request which includes the Key
establishment information container IE (information element) and sends the direct link

authentication request to UE1.

After receiving the direct link authentication request, UE1 decides whether to accept or reject
the link based on the information contained in the Key establishment information container. If
UE1 accepts the direct link authentication request, UE1 will create a direct link authentication
response message towards UE2. If UE2 receives a direct link authentication reject message,

UEZ2 aborts the unicast link establishment procedure.

Direct link security mode control

The direct link security mode control is used to set-up security between UE1 and UE2 in the
course of the unicast connection establishment. UE2 initiates the procedure by sending a
direct link security mode command to UE1. If UE1 accepts the direct link security mode
command, UE1 will respond to UE2 by sending a direct link security mode complete message.
After the successful security mode control, keys and security algorithms are employed to
integrity protect and cipher all SL data communicated between UE1 and UE2. If UE2 receives
the direct link security mode reject message, UE2 aborts the unicast link establishment

procedure.

Direct link communication accept

After the successful direct link security mode control, UE2 will send a Direct Communication
Accept (DCA) message to UE1. A DCA message contains the following information:

e Application layer ID of UE2

e PC5 quality of service (QoS) Flow ID (PQFI) and the corresponding QoS parameters.

Unicast data transmission

Upon receiving the unique application layer ID of UE2 in DCA, UE1 now has the application
layer ID of UE2. UE1 stores the application layer ID of UE1 and UE2, and this pair of
application layer IDs acts as a PC5 link identifier for the PC5 link between UE1 and UE2. After
receiving the DCA, UE1 starts sending data to UE2, and UE1 tags each protocol data unit with
the derived PCS5 link identifier. Similarly, UE2 can also send data to UE1 using the PC5 link

that has now been established.
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Connection release and connection alive

After the data transfer, the communicating peer UEs can either keep the unicast link alive or

release the link. Hence, there are two signaling mechanisms.

Keep the unicast link alive

A unicast link keep-alive procedure is performed to keep the PC5 unicast link alive between
UE1 and UE2. To initiate the connection alive procedure, UE1 sends a direct link keep-alive
request to UE2 over the existing PC5 link. UE1 has a keep-alive timer T5003 and a keep-alive
counter to monitor the activities over the existing PC5 link between UE1 and UE2. A periodic
actuation of the PC5 unicast link keep-alive procedure is triggered by the timer T5003. Also,
every time UE1 receives an SL signaling message or SL user plane data from UE2, UE1
restarts the timer T5003. The direct link keep-alive request message contains the following
information:

e Keep-alive counter for the PC5 unicast link.

e |t optionally also includes a maximum inactivity period of UE1 over the existing PC5

link.

The maximum inactivity period is UE specific. The maximum inactivity period value of UE1 is
chosen with an objective to keep the number of keep-alive transmissions to the lowest value
possible. After receiving the ‘direct link keep-alive request’, UE2 will create a ‘direct link keep
alive response’ message which includes a keep-alive counter value, and it is set to a value
that is the same as what is received in the direct link keep-alive request message. When UE1
receives the direct link keep alive response message, UE1 restarts the timer T5003 and also
increment the keep-alive counter. After the successful transmission of the direct link keep-
alive request and response, the existing PC5 link identifier is used for the future
communication between the two UEs. This stored PC5 link identifier enables to skip direct link

authentication and direct link security mode command procedure in the subsequent periods.

Release the link

The connection release procedure is performed to release the existing PC5 unicast link
between UE1 and UE2 and can be initiated from either UE1 or UE2. The initiating UE will
create a direct link release request, send it to the destination UE using the existing PC5 link
identifier. The following cause values indicate the reason for the connection release. The direct
link release request from the initiating UE may contain one of these cause values:

e #1: direct communication with the destination UE not allowed

e #2: direct communication to the destination UE is not needed.
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o #4: direct connection is not available anymore.

e #5lack of resources for PC5 unicast link.
After receiving the direct link release request, the destination UE will stop the ongoing
communication over the given PC5 link and then respond to the initiating UE with a direct link
release accept message. Once the direct link release accept message is sent by the

destination UE, the PC5 unicast link is released by the destination UE.

Resource allocation

NR sidelink transmissions have the following two modes of resource allocations:
e Mode 1: Sidelink resources are scheduled by a NR base station (gNodeB).
e Mode 2: The UE autonomously selects sidelink resources from a (pre-) configured
sidelink resource pool(s) based on a channel sensing mechanism.
For an in-coverage UE, a gNodeB can be configured to adopt Mode 1 or Mode 2. For an out-

of-coverage UE, only Mode 2 can be adopted.

Channel sensing for Mode-2 operation

In the mode-2 resource allocation, the UEs choose the resource for their transmissions (such
as the messages shown in Figure 2) from a pre-configured resource pool. A resource may for
example be a subchannel in a slot. Here, a subchannel includes a certain number of resource
blocks (RB), for example 10 RB. Each RB includes 12 subcarriers. To avoid collisions in the
resource selection, a resource sensing procedure (also referred to as a channel sensing
procedure) is used. In the resource sensing procedure, the transmitting UE senses the
channel to find candidate resources for its SL transmissions. In the resource sensing phase,
a transmitting UE detects the Sidelink Control Information (SCI) transmitted by other UEs in

the cell (or within range or the transmitting UE).

To reduce the complexity of the sensing procedure, a two-stage SCI principle is used in NR-
SL. When a UE performs transmission in a slot, the UE includes the physical sidelink control
channel (PSCCH) symbol and the physical sidelink shared channel (PSSCH) symbol in the
same slot (that is, data and control signal are sent together in the same slot). The first stage
SCI (also referred to as 1st stage SCI) is transmitted on the PSCCH, and the second stage
SCI (also referred to as 2nd stage SCI) is carried over the PSSCH (multiplexed with the data).
The first stage SCI carries information regarding the PSSCH resource used for transmitting
the second stage SCI and data, PSSCH resources reserved for future transmissions, and a
priority of the transmission in the first stage SCI. This first stage SCI is decodable by any peer

UE in the cell. Based on the information contained in the first stage SCI, the sensing UEs can
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choose the resources which are not occupied by peer UEs. The second stage SCI carries the

remaining scheduling information for the PSSCH which is decodable only by the target UE.

The output of the resource sensing procedure by a UE is a candidate set of resources for its

SL transmissions. The candidate resources are those resources which are unoccupied, and

also those resources which are occupied by another UE but which have an interference level

acceptable at the UE which is selecting the resources. The selection of resources via resource

sensing is explained below with reference to Figure 3.

1.

Let us assume that at a slot n, a transmit buffer of a UE receives a packet for
transmission. We assume that the UE has been continuously monitoring the SCI
transmitted by the other remote UEs (background sensing). The period over which the
remote UE senses the SCls from other UEs is called a sensing window, and the duration
of this sensing window can be configured up to 1000 ms (that is, the UE checks the SCI
transmitted from the other UEs within a window that is up to 1000 ms long before the nt

slot). In Figure 3, the sensing window spans from (n—T, ) to (n — Tpyoc0), Where Ty is
the sensing window duration, and T, is associated with the UE processing time for

decoding the SCI and performing demodulation reference signal (DMRS) measurement.

The UE creates a list of resources within the selection window (selection window in Figure
3: n+T; ton+T,) based on the output of the sensing procedure. Recall that the output
of the sensing procedure is a set of resources which are available for a UE to use for its
transmission. Here T, denotes the UE processing time from the resource selection trigger
to the earliest candidate resource. The remote UE makes a list (L7) of potential resources
that include all the resources in the selection window except the resources that meet both
of the following two conditions:
e The UE has received a first stage SCI from a peer remote UE in the sensing
window indicating that the peer remote UE will use this resource for a transmission.
e The UE measures a Reference Signal Received Power (RSRP) on the PSCCH
containing the first stage SCI of the peer remote UEs, and checks if this RSRP is
higher than a given RSRP threshold (which may be a configurable parameter). If
the RSRP is high enough, this may indicate that there would be a collision, but if
the RSRP is low enough, it may be fine to reuse the resource.
If these two conditions are met simultaneously, the remote UE excludes the resource from

L1. L1 should include at least 20% of all the resources in the selection window after
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performing step 2. If this condition is not met, the remote UE increases the RSRP threshold

by 3 dB, and iteratively executes step 2 until the target of 20% is met.

Then the UE makes a second list (L2) of resources. L2 is derived from L1, such that L2
contains the resources in L1 which have the lowest average Reference Signal Received
Power (RSRP) in L1. Here, the average is taken over the sensing window in Figure 3 that
spans from (n—T, ) to (n — Tyrec0). The idea of taking the average is to select the
subchannel (or RBs) which will have the lowest interference on the UE’s transmission. For
example, L1 contains two types of resources: A first set of resources that are not being
occupied by any peer UEs, and a second set of resources that are being occupied by peer
UEs, but have an interference level below the given threshold. Let us consider the second
set of resources. For instance, the UE detects at the beginning of the sensing window that
subchannel k will be occupied (but with an RSRP less than the threshold), and the UE also
detects later in the sensing window that subchannel k will be occupied, but with a different
measured RSRP value. Such a scenario is possible since pre-emption is supported in the
NR-SL. In this case, the remote UE takes an average over the sensing window duration to
find out the average level RSRP on the subchannel k. Hence, the list L2 contains the
resources (time and frequency) from L7 which experience the lowest average RSRP. The
UE randomly chooses one of the resources (time + frequency) in L2 and reserves it for its
transmission. In Figure 3, the selected resource is shown as the box 301 in slot m. The
resource selection made by the UE is only known to the UE itself, meaning that the UE

does not broadcast this selection to the other UEs.

3. Since the UE does not broadcast its resource selection, other nearby UEs may choose the

same resource for their transmissions. Hence, the UE keeps on sensing the channel until
the slot m to identify if some other UE has selected the same resource 301 at slot m. If the
UE detects a SCI transmission from another UE indicating a resource reservation at the
same resource 301, the UE initiates a resource reselection procedure. This is illustrated
in Figure 3. The box 301 in slot m represents the resource selected by the UE at slot n.
Another UE sends a PSCCH reservation in the resource 302 in slot n+1. The PSCCH
reservation indicates that the other UE has also selected the resource 301 for a

transmission. The UE then initiates a resource reselection procedure.

For the resource reselection procedure, the UE selects the resources based on the
sensing procedure (over the window from M — T; — T, to M — T;, where T; is the resource

re-selection processing time), and by following the procedure mentioned in steps 2 and 3.
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The selection window for resource reselection spans from slot m tom + T,. The reselected
resource is shown as the box 303 in Figure 3. If no other UE has reserved the resource
303, the UE sends its PSCCH and PSSCH in the resource 303. Other UEs can now
decode the PSCCH of the UE sent in the resource 303, and sense the future resources
reserved by the UE. The future resources reserved by the UE are indicated in the first
stage SCI transmitted via the PSCCH in the resource 303.

In the example scenario shown in Figure 3, Tpoco= 1 slot, Ta= Tpweo+ 1 slots, Ty = 2 slots,
sensing window duration = 100 ms or 1000 ms, and T2 is limited by the packed delay budget
(PDB).

In the unicast link (or connection) establishment procedure described above with reference to
Figure 2, while sending the DCR, the UE also reserves a resource for its very next
transmission (such as a direct link authentication response) based on the resource sensing
performed. This reservation information is included in the first stage SCI. The UE keeps on
sensing the channel until the slot where its future resources are reserved, to check if any other
peer UE with higher priority (priority information is provided in the first stage SCI) has reserved
the same resources. If the UE detects a higher priority reservation from a peer UE, the UE
releases the reserved resources and re-starts the connection establishment procedure from
the point at which the collision happened. So, the UE performs the sensing again, and chooses
a new resource for transmission of the current transmission, and for a future transmission.
This reservation interval for the next signaling/data transmission may for example be limited
to 1000 ms (or may be equal to the sensing window). If the UE does not detect reservation
from a higher priority peer UE, the UE transmits the direct link authentication response in the
reserved resource, and also reserves a resource for its very next transmission (direct link
security mode complete). This process continues until the connection has been established

and a release or keep alive message has been transmitted.

loT relaying
UE-based relaying may be employed to increase coverage. It would be desirable to provide

relaying for 0T devices in a way that is compatible with an already existing procedure and/or

interface for sidelink communication.

SUMMARY
Embodiments of methods, wireless communication devices, network nodes etc. are provided

herein for addressing one or more of the issues indicated above.
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A first aspect provides embodiments of a method at a first wireless communication device
(WCD). The method comprises selecting a resource for transmission to a second WCD,
transmitting a control message indicating the selected resource, and transmitting a first
message to the second WCD in the selected resource. The first message is part of a link
establishment procedure for establishing a link between the first WCD and the second WCD
for relaying of information from the first WCD to a network via the second WCD. The first WCD
is not required to perform channel sensing during at least a time period located between the

transmission of the control message and the transmission of the first message.

A second aspect provides embodiments of a first WCD. The first WCD is configured to select
a resource for transmission to a second WCD, transmit a control message indicating the
selected resource, and transmit a first message to the second WCD in the selected resource.
The first message is part of a link establishment procedure for establishing a link between the
first WCD and the second WCD for relaying of information from the first WCD to a network via
the second WCD. The first WCD is not required to perform channel sensing during at least a
time period located between the transmission of the control message and the transmission of
the first message. The first WCD may for example comprise processing circuitry configured to
cause the first WCD to select the resource for transmission to the second WCD, transmit the
control message indicating the selected resource, and transmit the first message to the second

WCD in the selected resource.

A third aspect provides embodiments of a method at a second WCD. The method comprises
receiving, from a first WCD, a control message indicating a selected resource, and receiving,
from the first WCD, a first message in the selected resource. The first message is part of a
link establishment procedure for establishing a link between the first WCD and the second

WCD for relaying of information from the first WCD to a network via the second WCD.

A fourth aspect provides embodiments of a second WCD. The second WCD is configured to
receive, from a first WCD, a control message indicating a selected resource, and receive, from
the first WCD, a first message in the selected resource. The first message is part of a link
establishment procedure for establishing a link between the first WCD and the second WCD
for relaying of information from the first WCD to a network via the second WCD. The second
WCD may for example comprise processing circuitry configured to cause the second WCD to
receive, from the first WCD, the control message indicating the selected resource, and receive,

from the first WCD, the first message in the selected resource.

BRIEF DESCRIPTION OF THE DRAWINGS
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In what follows, example embodiments will be described in greater detail with reference to the
accompanying drawings, on which:

Figure 1a shows the NR-SL user plane protocol stack;

Figure 1b shows the NR-SL control plane protocol stack;

Figure 2 shows a unicast link connection establishment procedure;

Figure 3 shows an example scenario for NR-SL resource sensing;

Figure 4 illustrates a relaying situation involving first and second WCDs, according to some
embodiments;

Figure 5 is a flow chart of a method at a first WCD, according to some embodiments;

Figure 6 is a flow chart of a method at a second WCD, according to some embodiments;
Figure 7 shows a sidelink based relaying architecture for a partial coverage scenario, where
a relay UE is in coverage of a gNodeB, and a remote UE is out-of-coverage of the gNodeB,
according to some embodiment;

Figure 8 shows the method from Figure 5, but with an optional extra step, according to some
embodiments;

Figure 9 shows the method from Figure 6, but with an optional extra step, according to some
embodiments;

Figure 10 illustrates use of priority values for avoiding collisions, according to some
embodiments;

Figure 11 shows the method from Figure 5, but with optional extra steps, according to some
embodiments;

Figure 12 shows the method from Figure 6, but with optional extra steps, according to some
embodiments;

Figure 13 is a flow chart of a method at a first WCD, according to some embodiments;

Figure 14 is a flow chart of a method at a second WCD, according to some embodiments;
Figure 15 illustrates a contention based initial access approach, according to some
embodiments;

Figure 16 shows the method from Figure 5, but with optional extra steps, according to some
embodiments;

Figure 17 shows the method from Figure 6, but with optional extra steps, according to some
embodiments;

Figure 18 illustrates a frame level slotted aloha system with a fixed time offset for resource
reservations for future transmissions, according to some embodiments;

Figure 19 shows the method from Figure 5, but with optional extra steps, according to some
embodiments;

Figure 20 shows the method from Figure 6, but with optional extra steps, according to some

embodiments;
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Figure 21 shows the method from Figure 5, but with optional extra steps, according to some
embodiments;

Figure 22 shows the method from Figure 6, but with an optional extra step, according to some
embodiments;

Figure 23 shows a procedure for keeping a link alive between a remote UE and a relay UE,
according to some embodiments;

Figure 24 shows the method from Figure 5, but with optional extra steps, according to some
embodiments;

Figure 25 shows the method from Figure 6, but with optional extra steps, according to some
embodiments;

Figure 26 shows the method from Figure 5, but with an optional extra step, according to some
embodiments;

Figure 27 shows the method from Figure 6, but with optional extra steps, according to some
embodiments;

Figure 28 illustrates an example of a communications network in which embodiments of the
present disclosure may be implemented;

Figure 29 is a schematic block diagram of a WCD, according to some embodiments;

Figure 30 is a schematic block diagram of a network node, according to some embodiments;
and

Figure 31 is a schematic block diagram that illustrates a virtualized embodiment of a network

node.

All the figures are schematic, not necessarily to scale, and generally only show parts which
are necessary in order to elucidate the respective embodiments, whereas other parts may be
omitted or merely suggested. Any reference number appearing in multiple drawings refers to
the same object or feature throughout the drawings, unless otherwise indicated. Even if flow
charts for methods performed by cooperating first and second WCDs are shown side by side,
the positions of the method steps shown in the respective flow charts have not been selected
to reflect the timing of the method steps performed by the first WCD relative to the timing of
method steps performed by the second WCD.

DETAILED DESCRIPTION

Some of the embodiments contemplated herein will now be described more fully with
reference to the accompanying drawings. Other embodiments, however, are contained within
the scope of the subject-matter disclosed herein. The scope of the present disclosure should

not be construed as limited to only the embodiments set forth herein. Rather, these
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embodiments are provided by way of example to convey the scope of the disclosed subject

matter to those skilled in the art.

Generally, all terms used herein are to be interpreted according to their ordinary meaning in
the relevant technical field, unless a different meaning is clearly given and/or is implied from
the context in which it is used. All references to a/an/the element, apparatus, component,
means, step, etc. are to be interpreted openly as referring to at least one instance of the
element, apparatus, component, means, step, etc., unless explicitly stated otherwise. The
steps of any methods disclosed herein do not have to be performed in the exact order
disclosed, unless a step is explicitly described as following or preceding another step and/or
where it is implicit that a step must follow or precede another step. It will be appreciated that
the word "comprising" does not exclude other elements or steps. The word “or” is not to be
interpreted as an exclusive or (sometimes referred to as “XOR”). On the contrary, expressions
such as “A or B” covers all the cases “A and not B”, “B and not A” and “A and B”. The mere
fact that certain measures are recited in mutually different dependent claims or embodiments
does not indicate that a combination of these measures cannot be used to advantage. Any
feature of any of the embodiments or claims disclosed herein may be applied to any other
embodiment or claim, wherever appropriate. Likewise, any advantage of any of the
embodiments or claims may apply to any other embodiments or claims, and vice versa. Other
objectives, features and advantages of the enclosed embodiments will be apparent from the

following description.

UE based SL relaying is an interesting option for supporting extended coverage in a NR
network, without compromising the UE power efficiency. It's therefore an interesting option for
enabling NR support for massive 10T use cases. The existing NR-SL interface and protocol
(which were described above in the background section) do not support relay functionality.
Hence, there is currently no relaying function over NR-SL to meet the coverage requirements
for loT application. The NR-SL is designed for V2X applications whose traffic characteristics
are different from massive loT use cases. Hence the current NR-SL connection establishment

procedures are inefficient for supporting battery operated, low data rate loT devices.

The present disclosure provides several ideas for how SL communication may be modified to
make SL feasible for 10T. Several of these ideas involve modifications of the connection
establishment procedure (also referred to herein as link establishment procedure) in the
current NR-SL. As will be described further below, relaying for loT applications using the NR-

SL may be employed to increase the coverage of the |oT devices. At least some of the
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modifications proposed herein may be employed to improve the battery lifetime of the devices

and/or reduce signaling overhead.

Overview

Figure 4 illustrates a relaying situation, where a first wireless communication device (WCD)
401 is located outside a coverage area 402 of a network node 403. A second WCD 404 is
located within the coverage area 402 of the network node 403 and is also within range of the
first WCD 401. The second WCD 404 may therefore act as a relay for information between
the first WCD 401 and the network node 403. In other words, information from the network
node 403 may be relayed to the first WCD 401 via the second WCD 404, and information from
the first WCD 401 may be relayed to the network node 403 via the second WCD 404. The first
WCD 401 is sometimes referred to herein as a remote WCD or remote UE. The second WCD

404 is sometimes referred to herein as a relay WCD or relay UE.

The first WCD 401 and the second WCD 404 are both illustrated in Figure 4 as smart phones,
but it will be appreciated that these two WCDs may for example be of different types. The first
WCD 401 and the second WCD 402 may be any type of device that is able to communicate
wirelessly, for example with a wireless communication network (such as a cellular network).
Some examples of a WCD include, but are not limited to, a User Equipment (UE) in a 3GPP
network, a Machine Type Communication (MTC) device, and an Internet of Things (loT)
device. The WCD may for example be (or may for example be integrated into) a mobile phone,
smart phone, sensor device, meter, vehicle, household appliance, medical appliance, media
player, camera, or any type of consumer electronic device, for instance, but not limited to, a
television, radio, lighting arrangement, tablet computer, laptop, or personal computer (PC).
The WCD may for example be a portable, hand-held, computer-comprised, or vehicle-
mounted mobile device, enabled to communicate voice and/or data via a wireless connection.
The first WCD 401 may for example be an loT device with limited power supply, while the

second WCD 404 may not have the same need to save power as the first WCD 401.

The network node 403 may be any node in a communication network that is able to
communicate wirelessly with a WCD, such as a node in a Radio Access Network (RAN) of a
cellular communications network that operates to wirelessly transmit and/or receive signals.
Some examples of a network node include, but are not limited to, a base station (for example
a gNB (or gNodeB) in a 3GPP Fifth Generation (5G) NR network or an enhanced or evolved
Node B (eNB) in a 3GPP LTE network), a high-power or macro base station, a low-power
base station (for example a micro base station, a pico base station, a home eNB, or the like),

a relay node, a network node that implements part of the functionality of a base station (for
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example a network node that implements a gNB Central Unit (QNB-CU) or a network node
that implements a gNB Distributed Unit (gNB-DU)) or a network node that implements part of

the functionality of some other type of node in a RAN.

Figure 5 is a flow chart of a method 500 at the first WCD 401, according to some embodiments.
The method 500 may for example be performed by the first WCD 401, or by one or more
parts/portions/components of the first WCD 401. The method 500 illustrated in Figure 5 serves

an overview or context of the more specific embodiments presented in the following sections.

The method 500 comprises selecting a resource for transmission to the second WCD 404.
The resource may for example include one or more subcarriers in one or more symbols (such
as orthogonal frequency division multiplexing (OFDM) symbols) in one or more slots (or in one
or more subframes or frames). In other words, the resource may include time and/or frequency
resources for transmitting one or more signals, data, messages etc. to the second WCD 404.
The resource may for example include a plurality of resource elements. The first WCD 401
may for example select the resource for transmission to the second WCD from a collection of
resources. The first WCD 401 may for example select the resource randomly from the
collection of resources, or may for example use an algorithm to make the selection in a non-
random manner. The collection of resources may for example be indicated by the second
WCD 404, or may be determined by the first WCD 401, or may be predefined. The collection

of resources may for example be fixed, or may change over time.

The method 500 comprises transmitting 502 a control message indicating the selected
resource. The control message may for example be broadcasted or multicasted to multiple
WCDs, or may be transmitted in a dedicated manner to the second WCD 404. The control
message may for example be a 1st stage sidelink control information (SCI) message carried
on a Physical sidelink control channel (PSCCH), as specified in 3GPP TS 38.212 v16.3.0, or

may for example be a SCI of a different/new format.

The method 500 comprises transmitting 503 a first message to the second WCD 404 in the
selected resource (or on the selected resource, or using the selected resource). The first
message may for example be part of a link establishment procedure for establishing a link
between the first WCD 401 and the second WCD 404. The first message may for example be
part of the link establishment procedure described above in the background section with
reference to Figure 2, which may for example be referred to as a direct link establishment
procedure. The first message may for example be a direct communication request, or a direct

link authentication response, or a direct link security mode complete message, or a direct link
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release request, or a direct link keep alive request. The link establishment procedure may for
example be intended for relaying of information (or of signals or messages) from the first WCD
401 to a network via the second WCD 404, as illustrated in Figure 4. In Figure 4, the network
is represented by the single network node 403, but it will be appreciated that a network will
typically include many nodes. Embodiments may also be envisaged in which the first message
transmitted at step 503 is not part of a link establishment procedure. The first message may
for example be a massage transmitted after a link has been established between the first WCD
401 and the second WCD 404. The first message may for example be a message with data
to be forwarded by the second WCD 404 to the network node 403.

If the NR-SL channel sensing and two stage SCI (described above in the background section
with reference to Figure 3) is employed, the first WCD 401 would typically be required (or
obliged) to perform channel sensing between the transmission 502 of the control message
and the transmission 503 of the first message. As will be described below, other approaches
may be employed, where such channel sensing is not needed. In other words, the first WCD
401 may not be required (or obliged, or expected) to perform channel sensing during at least
a time period located between the transmission 502 of the control message and the

transmission 503 of the first message.

Figure 6 is a flow chart of a method 600 at the second WCD 404, according to some
embodiments. The method 600 may for example be performed by the second WCD 404, or
by one or more parts/portions/components of the second WCD 404. The method 600
illustrated in Figure 6 serves an overview or context of the more specific embodiments
presented in the following sections. The method 600 may for example be performed at the
second WCD 404 in cooperation with the method 500 performed at the first WCD 401. It will
therefore be appreciated that examples and advantages presented herein for features
associated with the method 500 may apply also for corresponding features associated with
the method 600.

The method 600 comprises receiving 601, from the first WCD 401, the control message
indicating a selected resource (that is, the control message transmitted at step 502 in the
method 500). The selected resource may for example include one or more subcarriers in one
or more symbols in one or more slots. The second WCD 404 may for example have indicated
to the first WCD 401 a collection of resources from which to select the resource. This indication
may for example have been broadcasted or multicasted to multiple WCDs, or may have been

transmitted to the first WCD 401 via a dedicated or UE-specific transmission.
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The method 600 comprises receiving 602, from the first WCD 401, the first message in the
selected resource (or on the selected resource, or using the selected resource). As described
above in connection with the method 500, the first message may for example be part of a link
establishment procedure for establishing a link between the first WCD 401 and the second
WCD 404, for example for relaying of information from the first WCD 401 to a network via the
second WCD 404.

Various ideas and associated optional extra steps for the methods 500 and 600 will be
described below in the following sections. Please note that the ideas and optional steps
presented in different sections may be combined to form further embodiments. For example,
optional steps presented in one section will typically not be repeated in the other sections,
despite the fact that those optional steps can be employed also in the scenarios/contexts

presented in at least some of the other sections.

Layer-2 IDs corresponds to the relaying function

A new UE type called relay UE may be introduced with some added functionalities to support
the relaying function described above with reference to Figures 4-6. The relay UE has both
the PC-5 interface (towards the remote UE) and a Uu interface (towards the gNodeB), as
shown in Figure 7. Figure 7 shows a sidelink based relaying architecture for a partial coverage
scenario, where the relay UE is in the coverage of gNodeB, and the remote UE is out-of-
coverage of the gNodeB. The remote UE corresponds to the first WCD 401 in Figure 4. The
relay UE corresponds to the second WCD 404 in Figure 4. A new service type called ‘Relaying’
may be defined, and this service type is known to all the remote UEs in prior. The purpose of
this service type is to inform the relay UE that a transmission (or data) from the remote UE is
not a regular SL transmission to be terminated at the relay UE, but instead includes data that
is intended to be forwarded to the network via relaying. When the remote UE initiates a
connection with the relay UE, the ‘Relaying’ service type may be mapped to the layer-2 ID of
the destination UE (relay UE) for the transmission of the direct communication request (DCR).
By doing so, only relay UEs will respond to the request, since the remote UEs do not support
the relaying service type and therefore ignore this request. That is, the new layer-2 ID can be
used to distinguish the SL connection setup (or link establishment) for the purpose of end-to-
end communication between the two involved UEs (that is, legacy device to device, D2D,
communication) and SL connection setup (or link establishment) for the purpose of relaying to
the network. A relaying capable UE can choose which layer-2 ID to include depending on the
purpose of the SL connection. Thereby, the layer-2 ID could also be used in the discovery
procedure. In this approach, the layer-2 ID of the initiating UE (the remote UE) can be derived

from the international mobile subscriber identity (IMSI) of the initiating UE. When a relay UE
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receives a DCR request from a remote loT UE and responds to the remote loT UE, the pair of
the layer-2 ID of the relay UE and remote UE is unique. This is because when a relay UE
responds to the DCR request, the relay UE sets its source layer-2 ID derived from the IMSI of
the relay UE, and destination layer-2 to the IMSI of the remote |oT UE. In the case when a
remote UE receives a response from two different relay UE for its DCR transmission, the
remote loT UE can choose the relay UE which has higher signal strength at the remote loT
UE side.

Hence, in the method 500, the first message transmitted at step 503 may indicate that a link
to be set up between the first WCD 401 and the second WCD 404 is intended for relaying of
information from the first WCD 401 to a network (or to the network node 403) via the second
WCD 404. The first message transmitted at step 503 may for example be a direct
communication request (DCR) comprising a service identifier indicating a relaying service
type. For more information about DCR, see the description above in the background section
regarding Figure 2. The relaying service type may for example be mapped to a layer-2 identity
of the second WCD 404. The first message received at step 602 in the method 600 may for
example be the same message as the first message transmitted at step 503 in the method

500, and may therefore have the same properties.

In another embodiment, a new service class (or service type) called ‘loT remote UE’ is defined,
and when the relay UE wants to send broadcast information (such as sidelink synchronization
signal block (SL-SSB)), to the remote loT UEs, this ‘loT remote UE’ service class can be
mapped to the destination layer-2 ID. The SL-SSB may for example have a bitfield with a value
indicating that the SL-SSB is intended for 10T remote UEs. In this way, the broadcast
information from the relay UE will be detected by the remote IoT UEs only, and the legacy SL
UEs won’t detect this broadcast information from the relay UE. Another alternative for the SL-
SSB for relaying is to define a new SL-SSB format (for example both in content and in
frequency) so that this SL-SSB from the relay UE will only be detected by the remote loT UEs
(that is, the legacy SL UEs will not detect the new SL-SSB). The advantage of having a new
SL-SSB for relaying is that the remote loT UEs don’'t waste time and energy on decoding SL-
SSB broadcasted by the legacy SL UEs.

Hence, in the methods 500 and 600, the first WCD 401 may have a certain service class (such
as ‘loT remote UE’, but some other name may also be used for the service class). As shown
in Figure 8, the method 500 from Figure 5 may optionally comprise receiving 801 a message
from the second WCD 404, where the message indicates that it is intended for WCDs of the

certain service class. Similarly, as shown in Figure 9, the method 600 from Figure 6 may
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optionally comprise transmitting 901 a message indicating that it is intended for WCDs of the
certain service class. The message received from the second WCD 404 at step 801 (and
transmitted by the second WCD 404 at step 901) may for example be a sidelink
synchronization signal block (SL-SSB). The SL-SSB may for example have a bit field with a
value indicating that the SL-SSB is intended for WCDs of the certain service class. The SL-
SSB may for example have a format indicating that the SL-SSB is intended for WCDs of the

certain service class.

Using priority information in the SCI transmission to reduce the collision rate

In the legacy NR-SL designed for V2X, if two or more UEs are transmitting 1st stage SCI in
different subchannels of the same slot, and they reserve the same resource (subchannel) for
their future transmissions, the future transmissions from all these UEs may collide. The remote
UEs may not detect this risk of collision because they may not be able to receive 1st stage
SCI from the other remote UEs at the same time as they transmit their own 1st stage SCI.
Hence, the collision may not be prevented, and the collision may instead be detected later
when the remote UE is not able to receive the scheduled transmissions. In one embodiment
for NR-SL relaying, the transmitting remote UE includes a priority value in the 1st stage SCI,
and if the future reservations from multiple remote UEs collide, then the relay UE can decide
which remote UE is allowed to transmit its next packet in the reserved resource based on the
priority value included in the 1st stage SCI. The relay UE can convey this information to the
remote UEs (that is, the remote UEs that transmitted the 1st stage SCI with the reservation
information to the relay UE) in the same slot over the physical sidelink feedback channel
(PSFCH). In this way, collision probability can be reduced. This is illustrated in Figure 10. In
the left part of Figure 10, several remote UEs schedule the same resource but do not detect
each other’s 1st stage SCI, and thereby not the collision. The remote UEs therefore make the
transmissions in vain, whereby energy is wasted and successful transmissions are delayed.
The right part of Figure 10 shows the scenario where the relay UE makes use of priority values
of the traffic in the first stage SCls to determine which remote UE that should be allowed to
transmit, and which remote UEs that should be told to back off. In Figure 10, we assume that
the priority value for UE-3 is higher than for UE-1 and UE-2.

An example scenario for illustrating the use of priority information will now be described with
reference to Figures 11 and 12. Figure 11 shows optional extra steps 1101-1104 of the method
500 from Figure 5 and Figure 12 shows optional extra steps 1201-1205 of the method 600
from Figure 6. This example scenario may for example be used with the two-stage SCI and

channel sensing setup of NR-SL, described above in the background section.
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As shown in Figure 11, prior to the step 501 of selecting a resource for transmitting the first
message to the second WCD 404, the first WCD 401 may optionally have:
e selected 1101 a second resource for transmitting the first message to the second WCD
404;
o transmitted 1102 a second control message indicating the selected second resource,
wherein the second control message indicates a priority level; and
e received 1103 an indication from the second WCD 404 that the selected second
resource is not granted for transmitting the first message to the second WCD 404.
The negative indication received at step 1103 may cause the first WCD 401 to perform the
step 501. In other words, the step 501 of selecting a resource for transmitting the first message
to the second WCD 404 may be performed in response to:
e receipt of an indication from the second WCD 404 that a previously selected resource
is not granted for transmitting the first message to the second WCD 404.
The step 501 of selecting a resource for transmitting the first message to the second WCD
404 could also be performed in response to:
e absence of an indication from the second WCD 404 that a previously selected resource

is granted for transmitting the first message to the second WCD 404.

As shown in Figure 12, prior to the step 601 of receiving the control message, the second
WCD 404 may optionally have performed the following steps:

e receiving 1201, from the first WCD 401, the second control message (transmitted by
the first WCD 401 at step 1102) indicating the selected second resource for
transmission of the first message from the first WCD 401 to the second WCD 404,
wherein the second control message indicates a priority level,

e monitoring 1202 for receipt of one or more control messages from one or more other
WCDs than the first WCD; and

o if the monitoring 1202 leads to detection of a control message with higher priority level
than the priority level of the second control message and which indicates that another
WCD has also selected the second resource for transmission to the second WCD 404,
transmitting 1203 an indication to the first WCD 401 that the selected second resource
is not granted for transmitting the first message to the second WCD 401.

In the present scenario, the monitoring 1202 resulted in detection of a control message with
higher priority level than the priority level indicated by the second control message and which
indicates that another WCD has also selected the second resource for transmission to the
second WCD 404. The second WCD 404 therefore transmitted 1203 the indication to the first

WCD 401 that the selected second resource is not granted for transmitting the first message
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to the second WCD 401. This caused the first WCD 401 to select a new resource at step 501
for transmitting the first message to the second WCD 404. The indication transmitted at step
1203 (and received at step 1103) may for example be transmitted via a physical sidelink
feedback channel (PSFCH).

The control message transmitted ay step 502 and received at step 601 may indicate a priority
level. As shown in Figure 12, the method 600 may comprise the optional steps of
e monitoring 1204 for receipt of control messages from other WCDs than the first WCD
401, and
o if the monitoring does not lead to detection of a control message with higher priority
level than the priority level of the control message from the first WCD 401 and which
indicates that another WCD has selected the same resource as the first WCD 401 for
transmission to the second WCD 404, transmitting 1205 an indication to the first WCD
401 that the selected resource is granted for transmitting the first message to the
second WCD 404.
The step 602 of receiving the first message may be performed after the step 1205 of

transmitting the indication. The indication may for example be transmitted 1205 via a PSFCH.

If, on the other hand, the monitoring 1204 leads to detection of a control message with higher
priority level than the priority level indicated by the control message from the first WCD 401
and which indicates that another WCD has also selected the resource for transmission to the
second WCD 404, the second WCD 404 may transmit an indication to the first WCD 401 that
the selected resource is not granted for transmitting the first message to the second WCD

404. The second WCD may then select a new resource for the transmission.

The idea presented above with reference to Figure 10 may also be employed in a scenario
without priority levels in the control messages transmitted at steps 1102 and 502 and received
at step 1201 and 601. For example, if the second WCD 404 detects that several WCDs have
scheduled transmissions at the same resource, the second WCD 404 may instruct all of these
WCDs to back off and reschedule their transmissions. This may prevent waste of power by
the WCDs 401 and/or may reduce time until successful transmissions can be made by the
WCDs to the second WCD 404. Hence, the optional steps 1201-1203 may be expressed like
this:
e receiving 1201, from the first WCD 401, a second control message indicating a
selected second resource for transmission of the first message from the first WCD
401 to the second WCD 404;
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e monitoring 1202 for receipt of one or more control messages from one or more other
WCDs than the first WCD 401; and

e if the monitoring indicates that another WCD has also selected the second resource
for transmission to the second WCD 404, transmitting 1203 an indication to the first
WCD 401 that the selected second resource is not granted for transmitting the first
message to the second WCD 404.

And the optional steps 1204-1205 may be expressed like this:

e monitoring 1204 for receipt of control messages from other WCDs than the first WCD
401; and

e if the monitoring does not indicate that another WCD has selected the same resource
as the first WCD 401 for transmission to the second WCD 404, transmitting 1205 an
indication to the first WCD 401 that the selected resource is granted for transmitting
the first message to the second WCD 404.

As an extension of the approach described above with reference to Figure 10, the relay UE
can, if needed, re-schedule the remote UE transmission by sending the scheduling information
for example via an extended PSFCH or via a new physical channel. As an example, if the
remote UE chooses a subchannel k, at slot m, the relay UE can respond to this selection using
a scheduling Table 1 as given below.

Table 1: An example of a relay UE scheduling a remote UE

00 | Remain on selected same subchannel k

01 | Assigned subchannel is k+1

10 | Assigned subchannel is k-1
11 | NACK

For example, if a future collision between two remote UEs is identified by the relay UE, the

relay UE may reschedule one of the remote UEs to avoid the collision. Note that rescheduling
by the relay UE is also possible without using any priority information at all. For example, the

relay UE could reschedule all remote UEs involved in a detected collision.

Hence, the indication received at step 1103 or 1104 shown in Figure 11 could indicate that a
different resource is to be used for the transmission 503 of the first message instead of using
the selected resource. The first WCD 401 could then transmit the first message in this different
resource instead of in the first resource. This different resource may for example have a
different frequency position than the resource selected by the first WCD 401, and/or a different
time position (or position in time) than the resource selected by the first WCD 401. The

monitoring performed by the second WCD 404 at step 1202 or 1204 shown in Figure 12 could
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indicate/reveal that the resource selected by the first WCD 401 has also been selected by
some other WCD (for example with a higher priority level than the first WCD 401). But the
monitoring could also reveal/indicate that another resource is unoccupied/available for
transmitting 503 the first message to the second WCD 404. The second WCD 404 could then
indicate this unoccupied/available resource to the first WCD 401 via the indication transmitted
at step 1203 or 1205 shown in Figure 12.

An example scenario involving rescheduling by the relay UE will now be described with
reference to Figures 13 and 14. Figure 13 is a flow chart of a method 1300 performed by the
first WCD 401 and which could be regarded as a modified version of the method 500. Figure
14 is a flow chart of a method 1400 performed by the second WCD 404 and which could be

regarded as a modified version of the method 600.

The method 1300 comprises:

e selecting 501 a resource for transmission to the second WCD 404;

o transmitting 502 a control message indicating the selected resource;

e receiving 1301 an indication from the second WCD 404 that a second resource is to
be used for the transmission to the second WCD 404 instead of using the selected
resource; and

e transmitting 1302 a first message to the second WCD 404 in the second resource.

The steps 501 and 502 are the same steps as in the method 500, while the steps 1301 and
1302 involve the new second resource indicated by the second WCD 404 instead of a
resource selected by the first WCD 401. The indication may for example be received 1301 via
a PSFCH. The second resource may for example have a different frequency position than the
selected resource, and/or a different time position (or position in time) than the selected
resource. The first message transmitted at step 1302 may for example be part of a link
establishment procedure for establishing a link between the first WCD 401 and the second
WCD 404 for relaying of information from the first WCD 401 to a network via the second WCD
404.

The method 1400 comprises:
e receiving 601, from the first WCD 401, the control message indicating the selected
resource;
e monitoring 1401 for receipt of one or more control messages from one or more other
WCDs than the first WCD 401;
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e if the monitoring indicates that another WCD has selected the same resource as the
first WCD 401 for transmission to the second WCD 404, transmitting 1402 the
indication to the first WCD 401 that a second resource is to be used for transmission
to the second WCD 404 instead of using the selected resource for the transmission;
and

e receiving 1403, from the first WCD 401, the first message in the second resource.

The step 601 is the same step as in the method 600, while the steps 1402 and 1403 involve
the new second resource indicated by the second WCD 404 instead of a resource selected
by the first WCD 401. The monitoring step 1401 may be of the same type as the optional
monitoring step 1204 in the method 600. The indication may for example be transmitted 1402
via a PSFCH. The second resource may for example have a different frequency position than
the selected resource, and/or a different time position (or position in time) than the selected
resource. The first message received at step 1403 may for example be part of a link
establishment procedure for establishing a link between the first WCD 401 and the second
WCD 404 for relaying of information from the first WCD 401 to a network via the second WCD
404.

The control message transmitted at step 502 and received at step 601 may for example
comprise priority information (such as a priority level or priority value) regarding the first
message and/or regarding the first WCD 401. This priority information may for example be
employed at step 1402 in the method 1400. Step 1402 may then be expressed as:

o if the monitoring 1401 leads to detection of a control message with higher priority level
than the priority level indicated by the control message from the first WCD 401 and
which indicates that another WCD has selected the same resource as the first WCD
401 for transmission to the second WCD 404, transmitting an indication to the first
WCD 401 that a second resource is to be used for the transmission to the second

WCD 404 instead of using the selected resource for the transmission.

Contention based initial connection establishment to reduce the UE power consumption

One embodiment for a connection establishment procedure (also referred to herein as a link
establishment procedure) is that all the signaling and data exchange in the connection
establishment procedure is contention-based (which could also be referred to as collision-
based). In a slot, all the remote UEs (UEs sending the direct communication request,
authentication response, security mode complete, etc.) may randomly select a subchannel for
the transmission of respective signaling/data from the preconfigured set of subchannels (that

is, resources). In this contention-based access, the remote UEs do not perform the channel
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sensing described above in the background section. Hence, we can omit the two-stage SCI
principle described above in the background section. This is because the idea of two stages
of SCI is to reduce the complexity of the sensing procedure. In the two-stage SCI setup, the
first stage SCI contains information on PSSCH resources, the priority of the transmission and
future PSSCH reservation, and the second stage SCI contains the remaining scheduling
information of the PSSCH (like modulation and coding scheme (MCS) and UE-specific DMRS)
to assist the destination UE to decode the PSSCH. In the proposed contention-based
approach, since the peer remote UEs are not performing the channel sensing (for SCI from
other remote UEs), we can avoid the two-stage SCI principle. Hence, information on the
priority of transmission, future resource reservation, and all the scheduling information of the
PSSCH can be included in a single-stage SCI. Also, a remote UE only needs to be awake
when it has a packet to transmit, and the rest of the time the remote UEs may stay in an idle
state. This procedure is different from legacy SL designed for V2X, where the remote UEs
have to be receiving to sense the resource occupation by the peer remote UEs. Avoiding the
channel sensing at the remote UEs is beneficial for UE energy consumption and enables long

battery life. This is particularly beneficial for remote loT UEs.

Hence, in the method 500 from Figure 5, the first WCD 401 may not be required to (or
mandated to, or expected to) perform channel sensing during at least a time period located
between the transmission 502 of the control message and the transmission 503 of the first
message. Channel sensing may for example include monitoring of one or more channels for
receipt of transmissions. Channel sensing may for example include monitoring of one or more
channels (such as PSCCH) for receipt of control messages (such as first stage SCI) from other
WCDs. Channel sensing may for example include monitoring to detecting whether one or more
resources of a channel is occupied by one or more other WCDs. It will be appreciated that
even if the first WCD 401 is not required to (or mandated to, or expected to) perform channel
sensing during at least a time period located between the transmission 502 of the control
message and the transmission 503 of the first message, the first WCD 401 may not be
forbidden to perform channel sensing during that time period. The first WCD 401 could for
example perform channel sensing for other purposes than to detect first stage SCI from other
WCDs. As shown in Figure 16, the method 500 from Figure 5 may comprise the optional step
of keeping 1601 a receiver (or receiving circuitry) of the first WCD 401 inactive during at least
a time period located between the transmission 502 of the control message and the
transmission 503 of the first message. The receiver of the first WCD 401 may for example be
at least partially shut down or at least partially deactivated during this time period. There may
be no need for the first WCD 401 to use the receiver during this time period, so power may be

saved by keeping the receiver inactive. A transmitter of the first WCD 401 may for example
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also be kept inactive (or at least partially shut down or at least partially deactivated) during this

time period.

Similarly, the first WCD 401 may not be required to (or mandated to, or expected to) perform
channel sensing during at least a time period before transmitting 503 the control message. It
will be appreciated that even if the first WCD 401 is not required to (or mandated to, or
expected to) perform channel sensing during at least a time period before transmitting 503 the
control message, the first WCD 401 may not be forbidden to perform channel sensing during
that time period. The first WCD 401 could for example perform channel sensing for other
purposes than to detect first stage SCI from other WCDs. As shown in Figure 16, the method
500 from Figure 5 may comprise the optional step of keeping 1602 a receiver (or receiving
circuitry) of the first WCD inactive during at least a time period before transmitting 502 the
control message. The receiver of the first WCD 401 may for example be at |least partially shut
down or at least partially deactivated during this time period. There may be no need for the
first WCD 401 to use the receiver during this time period, so power may be saved by keeping
the receiver inactive. A transmitter of the first WCD 401 may for example also be kept inactive
(or at least partially shut down or at least partially deactivated) during this time period. The
time period before transmitting 502 the control message (during which the receiver of the first
WCD 401 is kept inactive) may for example be located immediately before transmitting 502
the control message. In other words, the receiver of the first WCD 401 may not have been
active for a certain period of time when the control message is transmitted 502 by the first
WCD 401.

Figure 15 illustrates the proposed contention based initial access approach. As shown in
Figure 15, if the subchannel chosen by a remote UE at a particular slot is not chosen by any
other remote UE, the transmission is considered successful, and the remote UE gets the
notification from the relay UE about its transmission via the PSFCH (note that the existing
PSFCH needs to be modified to accommodate this new signaling). The feedback notification
via the PSFCH may for example be provided with an offset, such that the remote UE receives
the notification one or more slots after the slot in which the remote UE sent the scheduling
message to the relay UE. Upon the successful transmission of the current signaling/data, the
remote UE selects (for example randomly) a resource for its next transmission (according to
the signal flow shown in Figure 2). If two or more remote UEs choose the same subchannel
at a particular slot, transmission from all those remote UEs is considered as collided (shown
as box 1501 in Figure 15). The collided UEs perform the back-off mechanism and retransmit
the collided SL message (the remote UE won't restart the link establishment procedure from

the beginning).
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In some embodiments, upon the successful transmission of the initial transmission (DCR), the
remote UE does not randomly select the subsequent resources for transmission. Instead, all
remote UEs use the same fixed pattern of resources for transmission of subsequent
messages. This eliminates the risk of subsequent collisions between remote UEs if the DCRs
did not collide. (Note however that a subsequent transmission can still collide with a DRC from
a new remote UE, but the collision risk is greatly reduced). As a simple example, subsequent
transmission can be sent on the same subchannel with a delay of 5 slots. This ensures that
there will be no collisions with remote UEs which submit their DRC on another subchannel,
nor with remote UEs which submit their DRC on in the same subchannel but with an offset of
1 to 4 slots. Note that offsets of less than 5 slots (for example an offset of 1 slot) may be
employed to reduce latency. Messages could also be combined into a larger message which

is transmitted in one attempt.

Hence, as shown in Figure 16, the method 500 from Figure 5 may comprise the optional steps
of:
e receiving 1603 a second indication from the second WCD 404 that the first message
has been successfully received by the second WCD 404; and
e inresponse to receiving 1603 the second indication
- selecting 1604 a second resource for transmission of a second message to the
second WCD; and
- transmitting 1605 a second control message indicating the selected second
resource.
The second indication may for example be received 1603 via a PSFCH. Alternatively,
o the first message may be a direct communication request and the second indication
may be a direct link authentication request; or
o the first message may be a direct link authentication response and the second
indication may be a direct link security mode command message; or
o the first message may be direct link security mode complete message and the second
indication may be a direct communication accept message; or
o the first message may be a direct link release request and the second indication may
be a direct link release accept message; or
o the first message may be a direct link keep alive request and the second indication

may be a direct link keep alive response.
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The second resource for transmission of the second message to the second WCD 404 may
for example be selected at step 1604 based on a frequency position and/or time position of
the resource selected at step 501 for transmission of the first message to the second WCD
404. The second resource may for example have a fixed (or predefined or preconfigured)
position in time and/or frequency relative to the resource selected at step 501. The second
resource for transmission of the second message to the second WCD 404 may for example
have the same frequency position as the resource selected at step 501 for transmission of the
first message to the second WCD 404. The second resource for transmission of the second
message to the second WCD 404 may for example be (or be comprised in) the same
subchannel as the resource selected at step 501 for transmission of the first message to the
second WCD 404. The second resource for transmission of the second message to the
second WCD 404 may for example have a certain predefined (or preconfigured) time offset
relative to the resource selected at step 501 for transmission of the first message to the second
WCD 404. The second resource for transmission of the second message to the second WCD
404 may for example be selected at step 1604 based on a frequency position and a time
position of the resource selected at step 501 for transmission of the first message to the
second WCD 404.

The first WCD 401 may for example employ a fixed pattern for selection of resources for
transmission of subsequent messages in the link establishment procedure relative to the
resource selected at step 501 for transmission of the first message. The first massage may

for example be a direct communication request.

As shown in Figure 17, the method 600 from Figure 6 may comprise the optional steps of
- transmitting 1701 a second indication to the first WCD 401 that the first message
has been successfully received; and
- receiving 1702, from the first WCD 404, a second control message indicating a
selected second resource for transmission of a second message from to the first
WCD 401 to the second WCD 404.
The second indication transmitted at step 1701 may be the same indication as the second
indication received at step 1603. The second control message received at step 1702 may be
the same control message as the second control message transmitted at step 1605. The first

message received at step 602 may for example be a direct communication request.

The embodiments described above with reference to Figures 16 and 17 relate to a scenario
where the first message transmitted at step 503 is successfully received by the second WCD

404. However, one or more earlier attempts may have been made by the first WCD 401 to
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transmit the first message (or some other message) to the second WCD 404 before the
successful transmission 503. In the method 500, the selection 501 of the resource for
transmission 503 of the first message to the second WCD 404 may for example be performed
in response to:
e receipt of an indication from the second WCD 401 that a message previously
transmitted by the first WCD 401 has not been successfully received by the second
WCD 404; or
e absence of an indication from the second WCD 404 that a message previously
transmitted by the first WCD 401 has been successfully received by the second WCD
404.
Prior to the step of receiving 601 the control message, the method 600 may for example
comprise the step of transmitting an indication to the first WCD 401 that a message previously
transmitted by the first 401 WCD has not been successfully received by the second WCD 404.

Frame-level slotted aloha system for link establishment

The link establishment procedure (also referred to as a connection establishment procedure)
described above in the background section with reference to Figure 2 can be based on a
frame-level slotted aloha system. The motivation behind this approach is to reduce the
sensing duration of the remote UEs, and hence to reduce the power consumed by the remote
UEs. Such reduced power consumption may be particularly useful for remote |oT devices.
The purpose of the sensing performed by a remote UE is to find out the resources reserved
by other remote UEs. In the approach proposed here, the relay UE performs this sensing
since the relay UE knows, for example at a slot n, what are reserved resources in the future
slots (from slot n+1) because the relay UE received the SCIs from the remote UEs in the
previous slots (before slot n) indicating the reserved resources in the future slots. We
propose that this information on the resource reservation is conveyed to the remote UEs by
the relay UE. In this way the sensing is performed by the relay UE instead, and remote UEs
do not need to perform continuous sensing and instead only need to listen to one
transmission from the relay UE. For this approach, we propose a new time window called
‘SL frame’, which consists of a number N consecutive slots, where N is a positive integer.
The SL frames are also referred to herein as blocks of time slots, since a SL frame is a block
of consecutive N slots. At the beginning slot of each SL frame, the relay node broadcasts
the available unoccupied resources in the ongoing SL frame, and the remote UEs monitor
this broadcasted information. For example, if a remote UE has chosen an SL frame for its
DCR transmission (please note that the remote UE will only use a small portion of the
selected SL frame, such as one subchannel in a slot within the selected SL frame), at the

very first slot of this SL frame, the remote UE listens to the broadcast information from the
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relay UE mentioning the unoccupied resources in the SL frame. Based on this information
on the unoccupied resources in the SL frame, the remote UE can select/choose (for example
randomly) a resource for its DCR transmission from a set of unoccupied resources in the SL
frame. An advantage of this approach is that remote UEs only need to monitor the first slot
of the SL frame which it has selected for the DCR transmission. However, since the first slot
of a SL frame is employed by the relay UE to broadcast available resources to the remote
UEs, resources in the first slot of each SL frame cannot be used for transmissions from the
remote UEs. Also, at the transmission of DCR, a remote UE will be unaware of transmissions
that were indicated in SCI from other remote UEs after the start of the current SL frame, so
the collision risk may be slightly higher compared to solutions where the remote UEs monitor
continuously for SCI from other UEs. For loT applications, such potential issues may

typically be acceptable in view of the reduced energy consumption at the remote UEs.

If two or more remote UEs choose the same resource for the DCR transmission, the
transmission is considered as collided, and the collided UE perform the back-off mechanism
and retransmits the DCR. If the DCR transmission is successful, the remote UE may reserve
the same resource (for example subchannel and slot) for future transmission with a constant
offset. The procedure is explained below with reference to Figure 18, which illustrates a
frame level slotted aloha system with a fixed time offset resource reservation for future
transmissions. However, as described in the preceding section, some other fixed time and
frequency pattern may be employed by the remote UEs for subsequent transmissions
(instead of using the same subchannel and a fixed time offset for each of the subsequent

messages as shown in Figure 18).

In the next SL frame, the remote UE reserves a resource for its future transmission in the
same slot and in the same subchannel as was used for the current transmission in the
current SL frame, as shown in Figure 18. A more detailed explanation of Figure 18 is given
in the next paragraph. If the subchannel chosen by a remote UE for a particular slot for its
ongoing transmission is not chosen by any other remote UE, the ongoing transmission is
considered as successful. If the current transmission is successful, most likely the future
transmission will also be successful. This is because the current transmission is successful
only when no other remote UE has chosen the resource chosen by the transmitting remote
UE. Then the transmitting remote UE chooses the same frequency resource in the next SL
frame for its future transmission and informs the relay UE so that it knows about this
reservation. The relay UE then broadcast this information at the beginning of the next SL
frame to all other remote UEs that plan to transmit the DCR in that SL frame. (However, the

relay UE could omit/skip the broadcasting of this information in case there are no remote UE
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transmissions to report. That is, absence of this broadcast message may indicate that all
resources in the SL Frame are unoccupied). Hence the remote UEs in the next SL window
will exclude the reserved resources for their DCR transmissions. The relay UE informs the
remote UE whether its reservation is successful or not via the PSFCH channel. The remote
UE may for example receive this feedback from the relay UE before the end of the ongoing
SL frame in which the current transmission takes place. The feedback via the PSFCH
channel may for example be provided with a delay (or offset) of 2 slots. In other words, after
sending the reservation information, the remote UE waits for 2 slots to receive the scheduling

feedback from the relay UE.

As shown in Figure 18, at an SL frame K, there are four remote UEs (UE-1, UE-2, UE-3, UE-
4). These remote UEs are sending the SL messages as indicated by the patterns of the
boxes. At the SL frame K, since all the remote UE choose a different subchannel for SL
message transmission, the transmission from these remote UEs do not collide. In SL frame
K+1, UE-1 which was sending the DCR in the SL frame K has reserved a resource for an
authentication response. Similarly, UE-2 reserves a resource for security mode complete
response, UE-3 reserves for unicast data, and so on. As we can observe, since all the
remote UEs have selected slot number 2 in SL frame K, the remote UE will choose the same
slot number in SL frame K+1 SL frame also. The subchannel reserved by all these remote
UEs in SL frame K+1 is the same as that used in SL frame K. At the first slot of SL frame
K+1, the relay UE broadcasts to all nearby remote UEs that in SL frame K+1, in the second
slot, subchannel 1, 3, m and n are reserved, and that those subchannels should not be
selected for DCR in the second slot. In Figure 18, there is no remote UEs which transmits
the DCR in SL frame K+1. But in SL frame K+2, there is a new remote UE (UE-5), and hence
based on the reservation made by UE-1, UE-2, and UE-3 in SL frame K+2, the relay UE
indicated to UE-5 in the first slot of SL frame K+2 that subchannels 3, m, n in the second
slot should not be used for its DCR transmission. In this way, collision in the resource
selection of the reserved resource can be avoided. Please note that if there is another
remote UE (let's say UE-6) which chooses subchannel 2 in slot number 2 of SL frame K+2,
then DCR transmissions of UE-5 and UE-6 will collide.

Since the remote UEs are awake only during the data/signaling transmission and at the
beginning of the SL frame, the power consumption of the remote UEs is reduced. Moreover,
since the remote UEs reserve the resources for the transmission of the next packet with the
help of the relay UE, the collision probability is decreased as well. This is because for
sending the DCR, the remote UE chooses the resources from the unoccupied resources in

an SL frame, and thus the selection of the resources does not collide with the reserved
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resource by another remote UE. But still, there could be a collision if the new remote UEs
sending the DCR selects the same resource from the unoccupied resources in the SL frame.
Compared to NR-SL V2X described above in the background section, here we can omit the
two-stage SCI principle, as the peer UEs are not sensing the SCI transmission in the
subchannels. If the reservation is successful, the remote UE transmits the packet in the
reserved subchannel. The remote UE then reserves a subchannel for its next transmission
(for example with a fixed offset/delay, as described above). However, instead of using the
same subchannel and a fixed offset for each new transmission, the remote UEs could
employ a fixed pattern in time and frequency for its transmission. In other words, if
transmission of the DCR is successful, then the remaining messages in the link
establishment procedure may be transmitted in accordance with a fixed pattern relative to
the resource used for the DCR. This will also prevent transmissions from different remote
UEs from colliding (except for potential collisions of DCR of two new remote UEs in the same
SL frame).

In view of the above ideas, Figures 19 and 20 are flow charts showing optional extra steps
that could be included in the methods 500 and 600 from Figures 5 and 6.

As shown in Figure 20, the method 600 may optionally comprise:

e monitoring 2001 for control messages from one or more WCDs indicating that one or
more resources located in a time period have been selected by the one or more WDCs
for transmission of one or more messages to the second WCD 404; and

o transmitting 2002 a report indicating which resources are still available for transmission
to the second WCD 404 during the time period.

The resource selected by the first WCD 401 at step 501 for transmission of the first message
to the second WCD 404 may be selected from among the resources indicated in the report
transmitted at step 2002. The report may for example indicate the available resources
explicitly, or may indirectly indicate the available resource (for example by indicating the
occupied resources, whereby the available resources may be deduced by the first WCD 401).
The time period referred to in step 2001 may for example be a block of time slots (which is
also referred to above as a SL frame). The second WCD 404 may for example transmit 2002
the report at the beginning of the block of time slots (for example in the first slot of the block
of time slots). The monitoring 2001 may for example be performed at least in a block of slots
directly preceding the block of slots at which the report is transmitted 2002. The report may
for example be omitted if the monitoring 2001 indicates that no resources in the time period
(or block of slots) have been selected by a WDC for transmitting a message to the second
WCD 404.
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As shown in Figure 19, the method 500 may optionally comprise receiving 1904 a report from
the second WCD 404, wherein the report indicates which resources are available for
transmission to the second WCD 404 during a time period. The first resource may be selected
by the first WCD 401 from the resources indicated in the report. The report received at step
1904 may be the same report as the report transmitted at step 2002. The time period referred
to at step 1904 may for example be a block of time slots (also referred to above as a SL frame).
The first WCD 401 may for example receive the report at the beginning of the block of time

slots.

The first WCD 401 may for example not be required to (or mandated to, or obliged to, or
expected to) perform channel sensing during a time period located between receipt 1904 of
the report and the transmission 503 of the first message. Channel sensing may for example
include monitoring of a channel for receipt of transmissions. Channel sensing may for example
include monitoring of a channel (such as PSCCH) for receipt of control messages (such as
SCI) from other WCDs. Channel sensing may for example include monitoring for detecting
whether one or more resources of a channel is occupied by one or more other WCDs. It will
be appreciated that even if the first WCD 401 is not required (or mandated to, or expected to)
to perform channel sensing during a time period located between receipt 1904 of the report
and the transmission 503 of the first message, the first WCD 401 may not be forbidden to
perform channel sensing during that time period. The first WCD 401 could for example perform

channel sensing for other purposes than to detect first control messages from other WCDs.

As shown in Figure 19, the method 500 may optionally comprise keeping 1905 a receiver (or
receiving circuitry) of the first WCD 401 inactive during a time period located between receipt
1904 of the report and the transmission 503 of the first message. The receiver of the first
WCD 401 may for example be at least partially shut down or at least partially deactivated
during this time period. There may be no need for the first WCD 401 to use the receiver
during this time period, so power may be saved by keeping the receiver inactive. A
transmitter of the first WCD 401 may for example also be kept inactive during this time

period.

As shown in Figure 19, the method 500 may optionally comprise
o selecting 1902 a block of time slots in which to transit the first message to the second
WCD 404; and

e monitoring 1903 a beginning of the selected block of time slots for the report.
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The first WCD 401 may for example not be required to (or mandated to, or obliged to, or
expected to) perform channel sensing during a block of time slots which directly precedes
the selected block of time slots or directly succeeds the selected block of time slots. In other
words, there may be no need for the first WCD 401 to perform channel sensing in other
blocks of time slots than the block of time slots that the first WCD 401 intends to use for
transmitting 503 the first message. Channel sensing may for example include monitoring of a
channel for receipt of transmissions. Channel sensing may for example include monitoring of
a channel (such as PSCCH) for receipt of control messages (such as SCI) from other
WCDs. Channel sensing may for example include monitoring for detecting whether one or
more resources of a channel is occupied by one or more other WCDs. It will be appreciated
that even if the first WCD 401 is not required (or mandated to, or expected to) to perform
channel sensing during a certain time period, the first WCD 401 may not be forbidden to
perform channel sensing during that time period. The first WCD 401 could for example
perform channel sensing for other purposes than to detect first control messages from other
WCDs.

As shown in Figure 19, the method 500 may optionally comprise keeping 1901 a receiver (or
receiving circuitry) of the first WCD 401 inactive during a block of time slots which directly
precedes the selected block of time slots or directly succeeds the selected block of time
slots. The receiver of the first WCD 401 may for example be at least partially shut down or at
least partially deactivated during such a block of time slots. There may be no need for the
first WCD 401 to use the receiver during this block of time slots, so power may be saved by
keeping the receiver inactive. A transmitter of the first WCD 401 may for example also be

kept inactive during this block of time slots.

Access Barring

Access barring may be employed to control the number of remote UEs (correspond to the
first WCD 401) that try to access the relay UE (corresponds to the second WCD 404). The
relay UE may for example compute a barring factor (or barring threshold) and indicate the
barring factor to the remote UEs. Each of the remote UEs may generate a random value
according to some prescribed procedure. If the random value is below the barring factor, the

remote UE is allowed to transmit to the relay UE.

Hence, as shown in Figure 21, the method 500 from Figure 5 may comprise the following
optional steps:
e receiving 2101 a transmission from the second WCD 404 indicating a barring factor

(or barring threshold); and
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e generating 2102 a random value.
One or more of the steps 501-503 may for example be performed in response to a relation
between the barring factor and the random value. The steps 501-503 may for example be
performed if the random value is below (or does not exceed) the barring factor. If the random
value exceeds the barring factor, the second WCD 404 may for example refrain from
transmitting messages to the second WCD 404. Another relation than ‘larger than’ or ‘less
than’ may also be used between the barring factor and the random variable. For example,
the barring factor and/or the random variable may be scaled before the comparison is

performed.

As shown in Figure 22, the method 600 from Figure 6 may comprise the following optional
step:

e indicating 2201 a barring factor to the first WCD 401.
The second WCD 404 may for example transmit the actual value of the baring factor, or may
for example transit an index indicating the value of the barring factor. The barring factor may
for example be determined by the second WCD 404 or by a network to which the second
WCD 404 has access. The barring factor may for example be based on a number of
available resources and an estimated number of WCDs contending for transmission to the
second WCD 404.

An explicit example will now be provided for how to determine the barring factor for the
frame-level slotted aloha system described above in the section ‘Frame-level slotted aloha
system for initial link establishment’. Barring factors may be determined in similar ways for

the systems proposed in the other sections above.

In the present example, the relay UE determines the access barring factor (or parameter, or
threshold) at the beginning slot of each SL frame, depending on the reserved resources in
the SL frame. The proposed method to determine the barring parameter at each SL frame
employs the following equation
System capacity = —L X log (1 — collsion probability)

In the above equation, ‘System capacity’ defines the maximum number of devices that can
perform the DCR transmission in an SL frame by randomly choosing an unoccupied
resource (such as a subchannel and a slot) in the SL frame, with a given collision probability.

L represents the number of unoccupied resources in the SL frame.
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The system capacity varies with time, based on the reservations made by the remote UEs
performing the transmissions in the previous SL-frames (and hence L varies with each SL
frame). A relay UE is aware of the unoccupied resources in an SL frame as the resource

reservation by a remote UE in the previous SL frames are approved by the relay UE.

In the frame-level access mechanism with a fixed pattern for consecutive messages in the
link establishment procedure (such as in the example shown in Figure 18), only the DCR
transmission is contention-based. The slot for the transmission of DCR by the remote UEs
is selected uniformly in the given packet arrival rate. Hence the average number of remote

UEs contending in an SL frame is calculated as follows:

Devi ()_(ND
evlcen—N

) + CLP (n)

slot

In the above equation, Device(n) is the number of devices contending for DCR in a slot, ND
is the total number of devices in the system, N, is the total number of slots within the
given inter-packet arrival time, CLP (n) is the average number of devices that attempts the
DCR in the nt" slot upon its collision in the previous slots. The CLP (n) is calculated as:

CLP(n) = YR_1yP ! x Collided(k)

In the above equation, Collided(k) is the number of collided UEs at the kt* slotand !
is the probability that a remote UE collided at the k*"*slot will fall on the transmission window

of the (n — 1) slot for its next DCR attempt, and is given by:

! if ke + {BW <
BT l n
n—-1 _ lBWJ tSlOtl
k, T Eslot
. BW
0 if k+ leot] >

In the above equation, tg,; is the slot duration, BW is the back-off window length. The relay
UE can record the number of collided devices in each slot to calculate the CLP(n). Now the
number of the average number of devices sending the DCR in an SL frame is calculated by

summing the number of Device(n) of all the slots within an SL frame, as is represented as:

(J+1)XSFL

Deviceg; () = 2 Device(n)
n= (JXSFL)+1

In the above equation, Deviceg, (j) is the average number of devices attempting the DCR in
the jt* SL frame and SFL is the SL frame length. Now the barring factor for the j¢* SL frame

is given by:
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System capacity (J)

Barring faCtOT (]) = Deviceg; (])

If, in an SL frame, the barring factor is less than 1, there is a probability that remote UEs
attempting the DCR will have collision probability higher than the desired collision rate.
Hence, if the barring factor is less than 1 for an SL frame, relay UE broadcasts the barring
factor in the first slot of that SL frame. Before sending the DCR in the SL frame, a remote
UE, generates a random value between 0 and 1, and if the generated value is less than the
barring factor broadcast by the relay UE, the remote UE is allowed to send the direct

communication request.

Small data transmission: Keep the link alive between the relay UE and remote UE to

reduce the signaling overhead and power consumption

In some embodiments associated with the link establishment procedure described above
in the background section with reference to Figure 2, the DCR, the data packet, and the
direct link keep alive request are sent all together in a single transmission instead of being
transmitted in separate messages/transmissions. In other words, a DCR transmission may
be provided, where the data and the keep the link alive request is bundled in the same

transmission. The procedure is as follows:

1. In a first time period, we cannot bundle all the SL messages in a single transmission
since the remote UE does not have a security set up with the relay UE. Hence the remote
UE (UE1) follows the link establishment procedure as shown in Error! Reference
source not found. to set the authentication and security with the relay UE (UE2). The
procedure described above with reference to Figure 18 may for example be followed for
reserving the resources during the link establishment procedure in the first period. That
is, small data transmission may for example be built upon the frame-level access
procedure described above in the section ‘Frame-level slotted aloha system for link
establishment’. This means that the relay UE updates the remote UE on unoccupied
resources in an SL frame at the first slot of the SL frame, and the remote UE may
randomly choose a resource for the DCR from unoccupied resources in the SL frame.
The resources for the next SL messages may for example be selected with a constant

offset as described above with reference to Figure 18.

2. If aremote UE (UE1) has successfully transmitted a direct link keep alive request in the
first time period, in the second period the remote UE may transmit the DCR, a data
packet, and a direct link keep alive request bundled in a single transmission following

contention-based access, using the saved PC5 link identifier. Here also the remote UE
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randomly chooses resources from the unoccupied resources in an SL frame (updated
by the relay UE) for the transmission (which bundles the DCR, Data, and direct link keep
alive request ). But in this time period, the remote UE does not have to reserve a resource
for a next transmission, since the remote UE already sends all the SL messages in a
single transmission. This procedure continues for the following time periods as well if
contention-based access is successful. The small data-based link establishment
procedure is shown in Figure 23. In case a remote UE (UE1) cannot successfully transmit
the keep the link alive request, the link establishment procedure shown in Figure 2 is

followed.

Figure 23 shows a keep the link alive procedure between a remote UE (UE1), and a relay UE
(UE2). In the small data transmission shown in Figure 23, the dashed lines are not present in
the second period onwards for keeping the link alive between the remote UE (UE1), and the
relay UE (UE2). In the first period, all the signaling exchanges (solid and dashed lines) of

Figure 23 are present as the remote UE has not yet set up the security with the relay UE.

In an alternative embodiment of the above, the SL small data transmission procedure above
is performed but without including the content of the DCR in the SL small data packet. The
existing PC5 link identifier between the remote UE and relay UE can be used to establish the

link between the remote UE and the relay UE.

In some embodiments, the SL small data transmission procedure described above may be
performed, but omitting the channel sensing altogether. The rationale is that even with channel
sensing, the DCR will be transmitted contention-based, and hence with the risk of collision.

With very few transmissions, the benefit of the channel sensing therefore diminishes.

After a link has been established between the first WCD 401 (corresponds to the remote UE)
and the second WCD 404 (corresponds to the relay UE) through a link establishment
procedure, the link may be kept alive by transmission of direct link keep alive requests.
However, if a small data packet is to be transmitted from the first WCD 401 to the second
WCD 404, a direct link keep alive request may be bundled together with this data packet to
save signaling overhead. This can be done if the data packet is small enough to fit together
with the direct link keep alive request in a resource (such as a subchannel in a slot), which is
often the case for data from loT devices. The reduced number of transmissions also reduces

the risk of collisions, whereby power may be saved.
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Hence, as shown in Figure 24, the method 500 from Figure 5 may comprise the following
optional steps:
e selecting 2401 a second resource for transmission to the second WCD 404;
o transmitting 2402 a control message indicating the selected second resource; and
o transmitting 2403 a direct link keep alive request and a data packet together in the
selected second resource.
As shown in Figure 25, the method 600 from Figure 6 may comprise the following optional
steps:
o receiving 2501 the control message (which was transmitted at step 2402) indicating
the selected second resource; and
e receiving 2502 the direct link keep alive request and the data packet together in the

selected second resource.

Network control functionality

In at least some embodiments, the network determines if a relay UE may attach to the network.
In at least some embodiments, it is up to network control which of the different solutions
(presented in the preceding sections of the detailed description) should be applied by the relay
UE and the remote UE. In one example, a request from the relay UE to the gNodeB is
transmitted to ask permission to act as a relay. Additional information can for example be
included with the request, such as which solutions to apply, whether to use gNodeB controlled
radio resources or using a pre-determined pool of radio resources (mode 1 or mode 2), etc.
The gNodeB then either grants or denies this request and can include the configuration which
the relay UE should apply, for example with regard to which solution to apply (such as
contention-based SL transmission or sensing based SL transmission), mode 1 or mode 2

radio resource allocation, cell barring, small data transmission, etc.

Hence, as shown in Figure 27, the method 600 from Figure 6 may optionally comprise:

o transmitting 2701 a request to the network node 403 for permission to act as a relay
for information from one or more other WCDs; and

e receiving 2702 a grant or rejection from the network node 403.

As shown in Figure 27, the method 600 from Figure 6 may optionally comprise:

e receiving 2703, from the network node 403 in a network, an indication regarding which
of a collection of approaches to apply for performing a link establishment procedure
with the first WCD 401 for relaying of information from the first WCD 401 to the network
via the second WCD 404.

As shown in Figure 27, the method 600 from Figure 6 may optionally comprise:
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e providing 2704, to the first WCD 401, an indication regarding which of a collection of
approaches to apply for performing a link establishment procedure with the second
WCD 404 for relaying of information from the first WCD 401 to a network via the second
WCD 404.

As shown in Figure 26, the method 500 from Figure 5 may optionally comprise:

s receiving 2601, from the second WCD 404 or from the network node 403, an indication
which of a collection of approaches to apply for performing a link establishment
procedure with the second WCD 404 for relaying of information from the first WCD 401
to a network via the second WCD 404.

The collection of approaches referred to in the method steps 2703, 2704 and 2601 may for
example include one or more of the approached described in the preceding section of the

detailed description.
If relay UEs are used for different purposes or services, Layer-2 |Ds for relaying as described
in the section ‘Layer-2 IDs corresponds to the relaying function’ may for example be used for

differentiation and may be allocated by the network or the gNodeB.

Embodiments of WCDs, network nodes, computer programs etc.

Figure 28 illustrates an example of a communications network (or communications system)
2800 in which embodiments of the present disclosure may be implemented. In the present
example, the communication network 2800 is a cellular communication system, such as a 5G
system (5GS) including a Next Generation RAN (NG-RAN) (also referred to herein as a NR
RAN), an Evolved Packet System (EPS) including an LTE RAN, or the like.

In the present example, the RAN includes base stations 2802-1 and 2802-2, which in the NG-
RAN are referred to as gNBs (NR base station) or ng-eNBs (LTE RAN nodes connected to
5GC) and in the LTE RAN are referred to as eNBs, controlling corresponding (macro) cells
2804-1 and 2804-2. The base stations 2802-1 and 2802-2 are generally referred to herein
collectively as base stations 2802 and individually as base station 2802. Likewise, the (macro)
cells 2804-1 and 2804-2 are generally referred to herein collectively as (macro) cells 2804 and
individually as (macro) cell 2804. The RAN may also include a number of low power nodes
2806-1 through 2806-4 controlling corresponding small cells 2808-1 through 2808-4. The low
power nodes 2806-1 through 2806-4 can be small base stations (such as pico or femto base
stations) or Remote Radio Heads (RRHs), or the like. Notably, while not illustrated, one or
more of the small cells 2808-1 through 2808-4 may alternatively be provided by the base
stations 2802. The low power nodes 2806-1 through 2806-4 are generally referred to herein
collectively as low power nodes 2806 and individually as low power node 2806. Likewise, the

small cells 2808-1 through 2808-4 are generally referred to herein collectively as small cells
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2808 and individually as small cell 2808. The communications network 2800 also includes a
core network 2810, which in the 5GS is referred to as the 5G core (5GC). The base stations

2802 (and optionally the low power nodes 1406) are connected to the core network 2810.

The base stations 2802 and the low power nodes 2806 provide service to wireless
communication devices (WCDs) 2812-1 through 2812-5 in the corresponding cells 2804 and
2808. The WCDs 2812-1 through 2812-5 are generally referred to herein collectively as WCDs
2812 and individually as WCD 2812. The WCDs 2812 may for example be UEs, but the
present disclosure is not limited thereto. The first WCD 401 and/or the second WCD 404
described above with reference to Figure 4 may for example be one of the WCDs 2812 in
Figure 28. The network node 403 described above with reference to Figure 4 may for example

be one of the base stations 2802 or the low power nodes 2806 in Figure 28.

The methods 500 and 1300 described above with reference to Figures 5, 8, 11, 13, 16, 19,
21, 24 and 26 represent a first aspect of the present disclosure. The first WCD 401 described
above with reference to Figure 4 represents a second aspect of the present disclosure. The
first WCD 401 may for example be configured to perform the method of any of the
embodiments (or example implementations) of the first aspect described above. The first WCD
401 may for example be configured to perform the method 500 (with or without any of the

optional features described above) or the method 1300.

The first WCD 401 may for example comprise means configured to cause the first WCD 401
to perform the method of any of the embodiments (or example implementations) of the first
aspect described above. It will be appreciated that the first WCD 401 in Figure 4 need not

necessarily comprise all those components described below with reference to Figure 29.

The first WCD 401 may for example comprise processing circuitry (or one or more processors)
configured to cause the first WCD 401 to perform the method of any of the embodiments (or

example implementations) of the first aspect described above.

The first WCD 401 may for example comprise processing circuitry (or one or more
processors) and a memory, the memory containing instructions executable by the
processing circuitry whereby the first WCD 401 is operative to perform the method of any of

the embodiments (or example implementations) of the first aspect described above.

In some embodiments, a computer program includes instructions which, when executed by

processing circuitry (or one or more processors), cause the processing circulitry to carry out
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the functionality of the first WCD 401 according to the method of any of the embodiments (or

example implementations) of the first aspect described above.

In some embodiments, a carrier comprises the aforementioned computer program. The
carrier is one of an electronic signal, an optical signal, a radio signal, or a computer readable

storage medium (for example a non-transitory computer readable medium such as memory).

The methods 600 and 1400 described above with reference to Figures 6, 9, 12, 14, 17, 20,
22, 25 and 27 represent a third aspect of the present disclosure. The second WCD 404
described above with reference to Figure 4 represents a fourth aspect of the present
disclosure. The second WCD 404 may for example be configured to perform the method of
any of the embodiments (or example implementations) of the second aspect described
above. The second WCD 404 may for example be configured to perform the method 600

(with or without any of the optional features described above) or the method 1400.

The second WCD 404 may for example comprise means configured to cause the second
WCD 404 to perform the method of any of the embodiments (or example implementations)
of the third aspect described above. It will be appreciated that the second WCD 404 in
Figure 4 need not necessarily comprise all those components described below with

reference to Figure 29.

The second WCD 404 may for example comprise processing circuitry (or one or more
processors) configured to cause the second WCD 404 to perform the method of any of the

embodiments (or example implementations) of the third aspect described above.

The second WCD 404 may for example comprise processing circuitry (or one or more
processors) and a memory, the memory containing instructions executable by the
processing circuitry whereby the second WCD 404 is operative to perform the method of any

of the embodiments of the third aspect described above.

In some embodiments, a computer program includes instructions which, when executed by
processing circuitry (or one or more processors), cause the processing circulitry to carry out
the functionality of the second WCD 404 according to the method of any of the embodiments

(or example implementations) of the third aspect described above.
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In some embodiments, a carrier comprises the aforementioned computer program. The
carrier is one of an electronic signal, an optical signal, a radio signal, or a computer readable

storage medium (for example a non-transitory computer readable medium such as memory).

Figure 29 is a schematic block diagram of a WCD 2901 according to some embodiments of
the present disclosure. The first WCD 401 and/or the second WCD 404, described above
with reference to Figure 4, may for example be of the same type as the WCD 2901. As
illustrated, the WCD 2901 includes one or more processors 2902 (for example Central
Processing Units (CPUs), Application Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGASs), and/or the like), one or more memories 2904 (for
example Read Only Memories (ROMs), Random Access Memories (RAMs), cache
memories, flash memory devices, optical storage devices, and/or the like), and one or more
transceivers 2906 each including one or more transmitters 2908 and one or more receivers
2910 coupled to one or more antennas 2912. The transceiver(s) 2906 includes radio-front
end circuitry connected to the antenna(s) 2912 that is configured to condition signals
communicated between the antenna(s) 2912 and the processor(s) 2902, as will be
appreciated by those of ordinary skill in the art. The processor(s) 2902 is also referred to
herein as processing circuitry. The transceiver(s) 2906 is also referred to herein as radio
circuitry. In some embodiments, the functionality of the WCD 2901 described above may be
fully or partially implemented in software (that is, for example stored in the memory 2904 and
executed by the processor(s) 2902). Note that the WCD 2901 may include additional
components not illustrated in Figure 29 such as, for example, one or more user interface
components (for example an input/output interface including a display, buttons, a touch
screen, a microphone, a speaker(s), and/or the like and/or any other components for
allowing input of information into the WCD 2901 and/or allowing output of information from

the WCD 2901), a power supply (for example a battery and associated power circuitry), etc.

Figure 30 is a schematic block diagram of a network node 3001 according to some
embodiments of the present disclosure. The network node 403 described above with
reference to Figure 4 may for example be of the same type as the network node 3001. The
network node 3001 may be, for example, a base station 2802 or 2806 or a network node that
implements all or part of the functionality of a base station. As illustrated, the network node
3001 includes a control system 3002 that includes one or more processors 3004 (for
example CPUs, ASICs, FPGAs, and/or the like), one or more memories 3006 (for example
ROMs, RAMs, cache memories, flash memory devices, optical storage devices, and/or the
like), and a network interface 3008. The one or more processors 3004 are also referred to

herein as processing circuitry. In addition, the network node 3001 includes one or more radio
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units 3010 that each includes one or more transmitters 3012 and one or more receivers
3014 coupled to one or more antennas 3016. The radio unit(s) 3010 may be referred to or
be part of radio interface circuitry. In some embodiments, the radio unit(s) 3010 is external to
the control system 3002 and connected to the control system 3002 via, for example, a wired
connection (for example, an optical cable). However, in some other embodiments, the radio
unit(s) 3010 and potentially the antenna(s) 3016 are integrated together with the control
system 3002. The one or more processors 3004 operate to provide one or more functions of
a network node 3001 as described herein. In some embodiments, the function(s) are
implemented in software that is stored, for example, in the memory 3006 and executed by

the one or more processors 3004.

Figure 31 is a schematic block diagram that illustrates a virtualized embodiment of the
network node 3001 according to some embodiments of the present disclosure. As used
herein, a “virtualized” network node is an implementation of the network node 3001 in which
at least a portion of the functionality of the network node 3001 is implemented as a virtual
component(s) (for example via a virtual machine(s) executing on a physical processing
node(s) in a network(s)). As illustrated, in this example, the network node 3001 includes one
or more processing nodes 3100 coupled to or included as part of a network(s) 3102. Each
processing node 3100 includes one or more processors 3104 (for example, CPUs, ASICs,
FPGAs, and/or the like), one or more memories 3106 (for example ROMs, RAMs, cache
memories, flash memory devices, optical storage devices, and/or the like), and a network
interface 3108. The network node 3001 may include the control system 3002 and/or the one
or more radio units 3010, as described above. If present, the control system 3002 or the
radio unit(s) 3010 are connected to the processing node(s) 3100 via the network 1702.

In this example, functions 3010 of the network node 3001 described herein are implemented
at the one or more processing nodes 3100 or distributed across the one or more processing
nodes 3100 and the control system 3002 and/or the radio unit(s) 3010 in any desired
manner. In some particular embodiments, some or all of the functions 3010 of the network
node 3001 described herein are implemented as virtual components executed by one or
more virtual machines implemented in a virtual environment(s) hosted by the processing
node(s) 3001.

Any appropriate steps, methods, features, functions, or benefits disclosed herein may be
performed through one or more functional units or modules of one or more virtual
apparatuses. Each virtual apparatus may comprise a number of these functional units.
These functional units may be implemented via processing circuitry, which may include one

or more microprocessor or microcontrollers, as well as other digital hardware, which may
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include Digital Signal Processor (DSPs), special-purpose digital logic, and the like. The
processing circuitry may be configured to execute program code stored in memory, which
may include one or several types of memory such as Read Only Memory (ROM), Random
Access Memory (RAM), cache memory, flash memory devices, optical storage devices, etc.
Program code stored in memory includes program instructions for executing one or more
telecommunications and/or data communications protocols as well as instructions for
carrying out one or more of the techniques described herein. In some implementations, the
processing circuitry may be used to cause the respective functional unit to perform
corresponding functions according one or more embodiments of the present disclosure.
The term unit may have conventional meaning in the field of electronics, electrical devices
and/or electronic devices and may include, for example, electrical and/or electronic circuitry,
devices, modules, processors, memories, logic solid state and/or discrete devices, computer
programs or instructions for carrying out respective tasks, procedures, computations,

outputs, and/or displaying functions, and so on, as such as those that are described herein.
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CLAIMS
1. A method (500) at a first wireless communication device (401), WCD, the method
comprising:

selecting (501) a resource for transmission to a second WCD (404);

transmitting (502) a control message indicating the selected resource; and

transmitting (503) a first message to the second WCD in the selected resource,
wherein the first message is part of a link establishment procedure for establishing a link
between the first WCD and the second WCD for relaying of information from the first WCD to
a network via the second WCD, wherein the first WCD is not required to perform channel
sensing during at least a time period located between the transmission of the control

message and the transmission of the first message.

2. The method of claim 1, further comprising:
keeping (1601) a receiver of the first WCD inactive during at least a time period
located between the transmission of the control message and the transmission of the first

message.

3. The method of any of the preceding claims, further comprising:
keeping (1602) a receiver of the first WCD inactive during at least a time period

before transmitting the control message.

4. The method of any of the preceding claims, wherein the first message is:
a direct communication request; or
a direct link authentication response; or
a direct link security mode complete message; or
a direct link release request; or

a direct link keep alive request.

5. The method of any of the preceding claims, further comprising:
receiving (1104) an indication from the second WCD that the selected resource is
granted for transmitting the first message to the second WCD,

wherein the first message is transmitted in response to receipt of the indication.

6. The method of claim 5, wherein the indication is received via a physical sidelink feedback
channel (PSFCH).
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7. The method of any of the preceding claims, wherein the selection of the resource for
transmission to the second WCD is performed in response to:

receipt of an indication from the second WCD that a previously selected resource is
not granted for transmitting the first message to the second WCD; or

absence of an indication from the second WCD that a previously selected resource

is granted for transmitting the first message to the second WCD.

8. The method of any of the preceding claims, further comprising:
receiving (1603) a second indication from the second WCD that the first message

has been successfully received by the second WCD.

9. The method of claim 8, wherein the second indication is received via a physical sidelink
feedback channel (PSFCH).

10. The method of claim 8, wherein:

the first message is a direct communication request and the second indication is a
direct link authentication request; or

the first message is a direct link authentication response and the second indication
is a direct link security mode command message; or

the first message is direct link security mode complete message and the second
indication is a direct communication accept message; or

the first message is a direct link release request and the second indication is a
direct link release accept message; or

the first message is a direct link keep alive request and the second indication is a

direct link keep alive response.

11. The method of any of claims 8-10, further comprising, in response to receiving the
second indication:

selecting (1604) a second resource for transmission of a second message to the
second WCD; and

transmitting (1605) a second control message indicating the selected second

resource.

12. The method of claim 11, wherein the second resource for transmission of the second
message to the second WCD is selected based on a frequency position and/or time position

of the resource for transmission of the first message to the second WCD.
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13. The method of claim 12, wherein the second resource for transmission of the second
message to the second WCD has the same frequency position as the resource for

transmission of the first message to the second WCD.

14. The method of any of claims 12-13, wherein the second resource for transmission of the
second message to the second WCD is selected based on a frequency position and time

position of the resource for transmission of the first message to the second WCD.

15. The method of any of claims 11-14, wherein the first WCD employs a fixed pattern for
selection of resources for transmission of subsequent messages in the link establishment

procedure relative to the resource selected for transmission of the first message.

16. The method claim 15, wherein the first message is a direct communication request.

17. The method of any of the preceding claims, wherein the selection of the resource for
transmission to the second WCD is performed in response to:
receipt of an indication from the second WCD that a message previously
transmitted by the first WCD has not been successfully received by the second WCD; or
absence of an indication from the second WCD that a message previously

transmitted by the first WCD has been successfully received by the second WCD.

18. The method of any of the preceding claims, further comprising:

receiving (1904) a report from the second WCD, the report indicating which
resources are available for transmission to the second WCD during a time period,
wherein the first resource is selected by the first WCD from the resources indicated in the

report.

19. The method of claim 18, wherein said time period is a block of time slots, and wherein

the first WCD receives the report at the beginning of the block of time slots.

20. The method of claim 19, further comprising:
selecting (1902) a block of time slots in which to transmit the first message to the
second WCD; and

monitoring (1903) a beginning of the selected block of time slots for the report.
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21. The method of claim 20, wherein the first WCD is not required to perform channel
sensing during a block of time slots which directly precedes the selected block of time slots

or directly succeeds the selected block of time slots.

22. The method of any of claims 20-21 further comprising:
keeping (1901) a receiver of the first WCD inactive during a block of time slots
which directly precedes the selected block of time slots or directly succeeds the selected

block of time slots.

23. The method of any of claims 18-22, wherein the first WCD is not required to perform
channel sensing during a time period located between receipt of the report and the

transmission of the first message.

24. The method of any of claims 18-23, further comprising:
keeping (1905) a receiver of the first WCD inactive during a time period located

between receipt of the report and the transmission of the first message.

25. The method of any of the preceding claims, wherein the first WCD selects the resource

for transmission to the second WCD randomly from a collection of resources.

26. The method of any of the preceding claims, wherein the first WCD selects the resource
for transmission to the second WCD from a collection of resources, wherein the collection of
resources is:

indicated by the second WCD; or

determined by the first WCD; or

predefined.

27. The method of any of the preceding claims, wherein the resource for transmission to the

second WCD includes one or more subcarriers in one or more symbols in one or more slots.

28. The method of any of the preceding claims, wherein the control message comprises

priority information regarding the first message and/or regarding the first WCD.

29. The method of any of the preceding claims, further comprising:
receiving (1301) an indication from the second WCD that a second resource is to be

used for the transmission of the first message instead of using the selected resource,
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wherein the WCD transmits the first message in the second resource instead of in the

selected resource.

30. The method of claim 29, wherein the indication is received via a physical sidelink
feedback channel (PSFCH).

31. The method of any of claims 29-30, wherein the second resource has:
a different frequency position than the selected resource; and/or

a different time position than the selected resource.

32. The method of any of the preceding claims, wherein the first message indicates that a
link to be set up between the first WCD and the second WCD is intended for relaying of
information from the first WCD to the network via the second WCD.

33. The method of claim 32, wherein the first message is a direct communication request

comprising a service identifier indicating a relaying service type.

34. The method of claim 33, wherein the relaying service type is mapped to a layer-2 identity
of the second WCD.

35. The method of any of the preceding claims, wherein the first WCD has a certain service
class, and wherein the method further comprises:
receiving (801), from the second WCD, a message indicating that it is intended for

WCDs of the certain service class.

36. The method of claim 35, wherein the message received from the second WCD is a
sidelink synchronization signal block, SL-SSB, and wherein the SL-SSB has:

a bit field with a value indicating that the SL-SSB is intended for WCDs of the
certain service class; or

a format indicating that the SL-SSB is intended for WCDs of the certain service

class.

37. The method of any of the preceding claims, further comprising:
receiving (2101) a transmission from the second WCD indicating a barring factor;
and

generating (2102) a random value,
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wherein one or more of the following steps is performed in response to a relation between
the barring factor and the random value:

the selection of the resource for transmission to the second WCD;

the transmission of the control message indicating the selected resource; and

the transmission of the first message to the second WCD on the selected resource.

38. The method of any of the preceding claims, further comprising, after a link has been
established between the first WCD and the second WCD through the link establishment
procedure:
selecting (2401) a second resource for transmission to the second WCD;
transmitting (2402) a control message indicating the selected second resource; and
transmitting (2403) a direct link keep alive request and a data packet together in the

selected second resource.

39. The method of any of the preceding claims, further comprising:

receiving (2601), from the second WCD or from a network node, an indication which
of a collection of approaches to apply for performing the link establishment procedure with
the second WCD for relaying of information from the first WCD to the network via the second
WCD.

40. A method (600) at a second wireless communication device (404), WCD, the method
comprising:

receiving (601), from a first WCD (401), a control message indicating a selected
resource; and

receiving (602), from the first WCD, a first message in the selected resource,
wherein the first message is part of a link establishment procedure for establishing a link
between the first WCD and the second WCD for relaying of information from the first WCD to
a network via the second WCD.

41. The method of claim 40, wherein the first message is:
a direct communication request; or
a direct link authentication response; or
a direct link security mode complete message; or
a direct link release request; or

a direct link keep alive request.

42. The method of any of claims 40-41, further comprising:
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monitoring (1204) for receipt of control messages from other WCDs than the first
WCD:; and

if the monitoring does not indicate that another WCD has selected the same
resource as the first WCD for transmission to the second WCD, transmitting (1205) an
indication to the first WCD that the selected resource is granted for transmitting the first
message to the second WCD,

wherein the first message is received after transmitting the indication.

43. The method of any of claims 40-41, wherein the control message indicates a priority
level, the method further comprising:

monitoring (1204) for receipt of control messages from other WCDs than the first
WCD; and

if the monitoring does not lead to detection of a control message with higher priority
level than the priority level of the control message from the first WCD and which indicates
that another WCD has selected the same resource as the first WCD for transmission to the
second WCD, transmitting (1205) an indication to the first WCD that the selected resource is
granted for transmitting the first message to the second WCD,

wherein the first message is received after transmitting the indication.

44, The method of any of claims 42-43, wherein the indication is transmitted via a physical
sidelink feedback channel (PSFCH).

45. The method of any claims 40-44, further comprising, prior to receiving the control
message:

receiving (1201), from the first WCD, a second control message indicating a
selected second resource for transmission of the first message from the first WCD to the
second WCD;

monitoring (1202) for receipt of control messages from other WCDs than the first
WCD:; and

if the monitoring indicates that another WCD has also selected the second resource
for transmission to the second WCD, transmitting (1203) an indication to the first WCD that
the selected second resource is not granted for transmitting the first message to the second
WCD.

46. The method of any claims 40-44, further comprising, prior to receiving the control

message:
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receiving (1201), from the first WCD, a second control message indicating a
selected second resource for transmission of the first message from the first WCD to the
second WCD, wherein the second control message indicates a priority level;

monitoring (1202) for receipt of control messages from other WCDs than the first
WCD:; and

if the monitoring leads to detection of a control message with higher priority level
than the priority level of the second control message and which indicates that another WCD
has also selected the second resource for transmission to the second WCD, transmitting
(1203) an indication to the first WCD that the selected second resource is not granted for

transmitting the first message to the second WCD.

47. The method of any of claims 45-46, wherein the indication that the selected second
resource is not granted for transmitting the first message to the second WCD is transmitted

via a physical sidelink feedback channel (PSFCH).

48. The method of any of claims 40-47, further comprising:
transmitting (1701) a second indication to the first WCD that the first message has

been successfully received.

49. The method of claim 48, wherein the second indication is transmitted via a physical
sidelink feedback channel (PSFCH).

50. The method of claim 48, wherein:

the first message is a direct communication request and the second indication
is a direct link authentication request; or

the first message is a direct link authentication response and the second
indication is a direct link security mode command message; or

the first message is direct link security mode complete message and the
second indication is a direct communication accept message; or

the first message is a direct link release request and the second indication is a
direct link release accept message; or

the first message is a direct link keep alive request and the second indication is

a direct link keep alive response.

51. The method of any of claims 48-50, further comprising, after transmitting the second

indication:
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receiving (1702), from the first WCD, a second control message indicating a
selected second resource for transmission of a second message from to the first WCD to the
second WCD.

52. The method of claim 51, wherein the second resource for transmission of the second
message is based on a frequency position and/or time position of the resource in which the

first message is received.

53. The method of claim 52, wherein the second resource for transmission of the second
message has the same frequency position as the resource in which the first message is

received.

54. The method of any of claims 52-53, wherein the second resource for transmission of the
second message is based on a frequency position and time position of the resource in which

the first message is received.

55. The method of any of claims 51-54, wherein the first WCD employs a fixed pattern for
resources for transmission of subsequent messages in the link establishment procedure

relative to the resource used for transmission of the first message.

56. The method claim 55, wherein the first message is a direct communication request.

57. The method of any of claims 40-56, further comprising, prior to receiving the control
message:
transmitting an indication to the first WCD that a message previously

transmitted by the first WCD has not been successfully received by the second WCD.

58. The method of any claims 40-57, further comprising:
monitoring (2001) for one or more control messages from one or more WCDs
indicating that one or more resources located in a time period have been selected by the one
or more WDCs for transmission of one or more messages to the second WCD; and
transmitting (2002) a report indicating which resources are still available for
transmission to the second WCD during the time period,
wherein the selected resource for transmission of the first message is from among the

resources indicated in the report.
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59. The method of claim 58, wherein said time period is a block of time slots, and wherein

the second WCD transmits the report at the beginning of the block of time slots.

60. The method of claim 59, wherein the monitoring is performed at least in a block of slots

directly preceding the block of slots at which the report is transmitted.

61. The method of any of claims 58-60, wherein the report is omitted if the monitoring
indicates that no resources in said time period have been selected by a WDC for transmitting

a message to the second WCD.

62. The method of any claims 40-61, further comprising:
indicating to the first WCD a collection of resources from which to select the

resource for transmission of the first message to the second WCD.

63. The method of any of claims 40-62, wherein the resource for transmission of the first
message to the second WCD includes one or more subcarriers in one or more symbols in

one or more slots.

64. The method of any of claims 40-63, wherein the control message comprises priority

information regarding the first message and/or regarding the first WCD.

65. The method of any of claims 40-64, further comprising:

monitoring (1401) for receipt of one or more control messages from one or more
other WCDs than the first WCD; and

if the monitoring indicates that another WCD has selected the same resource as the
first WCD for transmission to the second WCD, transmitting (1402) an indication to the first
WCD that a second resource is to be used for the transmission of the first message instead
of using the selected resource,
wherein the second WCD receives the first message in the second resource instead of in the

selected resource.

66. The method of any of claims 40-64, wherein the control message from the first WCD
indicates a priority level, and wherein the method further comprises:

monitoring (1401) for receipt of one or more control messages from one or more
other WCDs than the first WCD; and

if the monitoring leads to detection of a control message with higher priority level

than the priority level of the control message from the first WCD and which indicates that
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another WCD has selected the same resource as the first WCD for transmission to the
second WCD, transmitting (1402) an indication to the first WCD that a second resource is to
be used for the transmission of the first message instead of using the selected resource,
wherein the second WCD receives the first message in the second resource instead of in the

selected resource.

67. The method of any of claims 65-66, wherein the indication is transmitted via a physical
sidelink feedback channel (PSFCH).

68. The method of any of claims 65-67, wherein the second resource has:
a different frequency position than the selected resource; and/or

a different time position than the selected resource.

69. The method of any of claims 40-68, wherein the first message indicates that a
connection to be set up between the first WCD and the second WCD is intended for relaying
of information from the first WCD to the network via the second WCD.

70. The method of claim 69, wherein the first message is a direct communication request

comprising a service identifier indicating a relaying service type.

71. The method of claim 70, wherein the relaying service type is mapped to a layer-2 identity
of the second WCD.

72. The method of any of claims 40-71, wherein the first WCD has a certain service class,
and wherein the method further comprises:
transmitting (901) a message indicating that it is intended for WCDs of the certain

service class.

73. The method of claim 72, wherein the transmitted message is a sidelink synchronization
signal block, SL-SSB, and wherein the SL-SSB has:

a bit field with a value indicating that the SL-SSB is intended for WCDs of the
certain service class; or

a format indicating that the SL-SSB is intended for WCDs of the certain service

class.
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74. The method of any of claims 40-73, further comprising:
indicating (2201) a barring factor to the first WCD.

75. The method of claim 74, wherein the barring factor is based on a number of available
resources and an estimated number of WCDs contending for transmission to the second
WCD.

76. The method of any of claims 40-75, further comprising, after a link has been established

between the first WCD and the second WCD through the link establishment procedure:
receiving (2501) a control message indicating a selected second resource; and
receiving (2502) a direct link keep alive request and a data packet together in the

selected second resource.

77. The method of any of claims 40-76, further comprising:
transmitting (2701) a request to a network node for permission to act as a relay
for information from one or more other WCDs; and

receiving (2702) a grant or rejection from the network node.

78. The method of any of claims 40-77, further comprising:

receiving (2703), from a network node in the network, an indication regarding which
of a collection of approaches to apply for performing the link establishment procedure with
the first WCD for relaying of information from the first WCD to the network via the second
WCD.

79. The method of any of claims 40-78, further comprising:
providing (2704), to the first WCD, an indication regarding which of a collection of
approaches to apply for performing the link establishment procedure with the second WCD

for relaying of information from the first WCD to the network via the second WCD.

80. A first wireless communication device (401), WCD, configured to:

select a resource for transmission to a second WCD (404);

transmit a control message indicating the selected resource; and

transmit a first message to the second WCD in the selected resource,
wherein the first message is part of a link establishment procedure for establishing a link
between the first WCD and the second WCD for relaying of information from the first WCD to

a network via the second WCD, wherein the first WCD is not required to perform channel
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sensing during at least a time period located between the transmission of the control

message and the transmission of the first message.

81. The first WCD of claim 80, configured to perform the method of any of claims 2-39.

82. A first wireless communication device (401), WCD, comprising processing circuitry
(2902) configured to cause the first WCD to:

select a resource for transmission to a second WCD (404);

transmit a control message indicating the selected resource; and

transmit a first message to the second WCD in the selected resource,
wherein the first message is part of a link establishment procedure for establishing a link
between the first WCD and the second WCD for relaying of information from the first WCD to
a network via the second WCD, wherein the first WCD is not required to perform channel
sensing during at least a time period located between the transmission of the control

message and the transmission of the first message.

83. The WCD of claim 82, wherein the processing circuitry is configured to cause the first

WCD to perform the method of any of claims 2-39.

84. A second wireless communication device (404), WCD, configured to:

receive, from a first WCD (401), a control message indicating a selected resource;
and

receive, from the first WCD, a first message in the selected resource,
wherein the first message is part of a link establishment procedure for establishing a link
between the first WCD and the second WCD for relaying of information from the first WCD to
a network via the second WCD.

85. The second WCD of claim 84, configured to perform the method of any of claims 41-79.

86. A second wireless communication device (404), WCD, comprising processing circuitry
(2902) configured to cause the second WCD to:
receive, from a first WCD (401), a control message indicating a selected

resource; and

receive, from the first WCD, a first message in the selected resource,
wherein the first message is part of a link establishment procedure for establishing a link
between the first WCD and the second WCD for relaying of information from the first WCD to
a network via the second WCD.
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87. The second WCD of claim 86, wherein the processing circuitry is configured to cause the

second WCD to perform the method of any of claims 41-79.
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