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Abstract

3GPP is currently studying enhancements to Sidelink (SL) operations for
5G New Radio (NR) in a Release 17 Work Item which is planned to be
finished by end of 2021. The NR Sidelink (SL) Work Item in Release
17 includes several key features targeting reliability enhancements, power
saving and coverage enhancements by expanding the scope of NR sidelink
to target V2X, commercial D2D use-case and Public safety. This paper
provides an insight on the current 3GPP Release 17 NR SL design describing
necessary enhancements in the physical, protocol layer to support inter-UE
coordination message for reliability enhancement for autonomous resource
selection procedure by providing feedback on the half-duplex, persistent
collision and hidden nodes. In addition, the power saving feature is addressed
by introducing a SL DRX mechanism for the PC5 interface which defines
active reception and transmission periods between a TX and the peer Rx
UE(s) and also between Tx UE and gNB. Furthermore, this paper outlines
details on the Sidelink Relay feature for coverage enhancement by describing
possible solutions for UE to Network relay and UE to UE relay.
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1 Introduction

3GPP standardization is evolving beyond 5G the New Radio air interface
(NR-Uu) framework defined in 3GPP Release 15 (also known as 5G phase
1) to study on the support of 5G for vertical industries like automotive, man-
ufacturing industry etc., 3GPP Release 16 (5G phase 2) finalized at the end
of 2019 introduced physical layer, protocol and core network functionalities
supporting NR sidelink for different cast types i.e., Broadcast, Groupcast,
Unicast [6]. The advanced V2X services primarily focuses on supporting
platooning, advanced driving, extended sensor and remote driving use-cases
and these advanced V2X services need demanding reliability, lower latency,
enhanced coverage while power saving feature is essential to support pedes-
trian/vulnerable road users [7]. Many of the NR sidelink physical layer and
protocol features developed based on the V2X requirements can be reused
to support commercial D2D use cases, public safety etc., 3GPP Release
17 standardization is currently investigating the NR sidelink enhancement
to support higher reliability for V2V service, power saving features for
Pedestrian/Vulnerable Road Users, commercial D2D use-cases etc.

NR Release 16 sidelink is designed with multicarrier waveform i.e.,
Cyclic-Prefix Orthogonal Frequency-Division Multiplexing (CP-OFDM)
compared with LTE sidelink design of single carrier waveform. NR Release
16 sidelink design for frequency range 1 (FR1) which is up-to 6 GHz supports
Subcarrier Spacing (SCS) like 15 KHz, 30 KHz and 60 KHz. For FR2 ranging
from 6 GHz to 52.6 GHz Subcarrier Spacing of 60 KHz, 120 KHz are sup-
ported. The Extended Cyclic Prefix (ECP) support is added only for 60 KHz
SCS providing robustness against high delay spread. The support of higher
Subcarrier Spacing in the system ensures robustness against Doppler [1, 3].

The Physical Sidelink Control Channel (PSCCH) carrying Sidelink Con-
trol Information (SCI) is time multiplexed with the associated Physical
Sidelink Shared Channel (PSSCH) whereas in LTE sidelink it is multiplexed
in frequency domain. Another major difference in the physical layer design
is the introduction of two stage SCI where the content of the SCI payload
is separated into two parts. The first SCI containing sensing information is
broadcasted to the surrounding UEs containing information related to QoS
priority of data, occupied resource blocks, resource reservation interval etc.,
whereas the second SCI transmission carries information related data decod-
ing of Physical SL Shared Channel (PSSCH) [2]. The higher reliability of NR
Release 16 sidelink for unicast and groupcast transmission is achieved with
the introduction of the new Physical Sidelink Feedback Channel (PSFCH)
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Figure 1 NR Sidelink frame structure.

to carry HARQ feedback in the last OFDM symbol of a slot as shown in
Figure 1. In order to perform efficient link adaptation for unicast transmis-
sions, feedback of the channel quality information (CQI) is supported from
the Receiver (RX) UE.

NR Release 16 sidelink supports two HARQ feedback options for group-
cast considering reliability and feedback resource efficiency. In the first
option (Option-1), when receiver UE fails to decode a Transport Block (TB) it
transmits a HARQ-Negative Acknowledgement (NACK) on a common feed-
back resource. SCI from Tx UE includes both the Minimum communication
Range (MCR) parameter and its present location in the form of a Zone id.
This information is further used by RX UEs to calculate the Tx-Rx distance
and determines about the transmission of HARQ feedback when the Tx-Rx
distance is less than the MCR. In the second option (Option-2), receiver UE
transmits on a dedicated feedback resource allocated for each Rx UE(s) in a
group, HARQ-Acknowledgement (ACK) or HARQ-NACK according to the
decoding status of its TB.

NR Release 16 sidelink supports two modes of resource selection meth-
ods where in the first method named as NR Mode 1, gNB centrally allocates
resources for sidelink communication thereby requiring a sidelink Tx UE to
interface with gNB for sidelink resource request/reception before transmit-
ting on the PC5 interface and in the second method named as NR Mode 2,
sidelink UE autonomously selects sidelink resources from a pre-configured
resource set for transmission over sidelink and transmitter UE selects a
suitable vacant resource with the help of sensing thereby monitoring Sidelink
Control Information (SCI) from all nearby transmitting UEs.
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In general, compared to the gNB based resource selection method for
sidelink, the reliability of the NR sidelink devices are affected for distributed
and autonomous resource selection methodology due to resource collision,
half duplex and hidden nodes. Reliability of the sidelink devices are affected
due to half duplex constraints where a transmitting sidelink device can-
not receive data at the same time slot from neighbouring sidelink devices,
secondly reliability is affected due to problem with persistent collision
when more than one nearby sidelink device selects the same time/frequency
resource for transmission. Another problem affecting the reliability of the
sidelink communication is caused by hidden nodes where the transmitter
device is not aware about the interference at the receiver. NR Release 16
sidelink does not detect consecutive packet failure which is necessary for the
enhanced reliability required by some of the sidelink use cases [4, 5].

Moreover, NR Release 16 sidelink does not include power saving feature
which is essential for Pedestrian UEs/Vulnerable Road Users, commercial
D2D use cases and Public safety UEs. Limiting the SCI monitoring slots and
introducing DRX sleep period can have a profound influence on extending
the battery life of these devices.

Extended sidelink coverage enhancements are needed for the platooning
use case, where the communication from the platoon leader is communicated
to all members belonging to a platoon.

This paper presents an overview of potential technical solutions stud-
ied and considered under Release 17 NR SL to meet the requirements of
enhanced reliability, power saving and coverage enhancement. At the time
of writing this paper, Release 17 standardization is just started and hence
solutions described in this paper are from the viewpoint of author. The effort
of facilitating an ultra-reliable NR sidelink by preventing consecutive packet
loss and the introduction of power saving, Relaying is critical for realizing all
V2X communication services, which are paramount for road safety.
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The structure of the paper is as follows, in Section 2, we introduce the NR
SL physical layer enhancements for Rel-17. Section 3 describes SL protocol
enhancement as part of power saving feature and then Section 4 describes the
Relaying functionality. Finally, we conclude in Section 5 providing a brief
discussion on the outlook.

2 NR SL Physical Layer Enhancements for Rel-17

The decentralized nature of the sidelink communication results in collisions
due to the random nature of resource selection, in which more than one UEs
could select overlapping resources. In NR Release 16 sidelink, Tx UE can
reserve up to a maximum of 3 resources within a window of 32 slots and the
reserved resource is signalled within the first stage SCI. Collisions happens
in a reserved resource once a sidelink UE broadcast the reserved resource
using its first stage SCI while nearby UEs fail to receive or decode the SCI
containing the UE’s reservation information, resulting in more than one UE
transmitting on overlapping resources. In typical urban scenario such as inter-
section or crossroad where there are blockages due to buildings, although UEs
are closer to each other but due to Non-Line of sight (NLOS) the measured
RSRP likely remains low. In such cases, the resource is not likely excluded
in the candidate resource selection procedure since the measured RSRP is
likely below the configured RSRP threshold for the resource exclusion. These
failures affect the reliability in sidelink communication and can be due to the
hidden node problem, half duplex constraints, or processing limitations. Such
failure can be fundamentally avoided using additional assistance information
such as inter-UE coordination message from neighbouring UEs.

2.1 Inter-UE Coordination

Exchanging of assistance information in NR Release 17 sidelink can help
with both pre-collision and post-collision detection as shown in Figure 3.
Pre-collision is usually detected by a UE with decoding the reserved resource
information in the first stage SCI. The reliability issue arising due to a
potential half duplex constraint or resource collision in a sidelink commu-
nication can be successfully mitigated with the help of UEs periodically
monitoring the SCI from nearby UEs and providing necessary feedback. UE
can additionally monitor the destination group identifier transmitted in the
SCI along with the resource information for pre-collision and post-collision
detection, by providing feedback to group member UEs about a potential half
duplex problem or resource collision problem.
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Figure 3 Inter UE coordination message.

Inter-UE coordination
Assistance information

Assistance information such as inter-UE resource coordination message
by transmitting a preferred or not preferred/conflicted set of resource can
help in the candidate resource selection procedure of transmitter UE either
by considering the preferred resources otherwise avoiding those not pre-
ferred/conflicted resource. Transmitter UE can also perform joint resource
selection by considering its own preferred candidate resource together with
the preferred resource set received from other UE. A UE can trigger resource
(re)selection mechanism to reselect the reserved resource transmitted in the
first stage SCI once it receives the inter-UE coordination message containing
not preferred/conflicted set of resource from other UE.

There can be different methods for exchanging inter-UE coordination
message such as aperiodic explicit trigger for the transmission of inter-UE
coordination message, periodic transmission of coordination message and
event-trigger approach. In the first method, Transmitter UE can request other
UE for the transmission of inter-UE coordination message by transmitting
a trigger in the SCI. Such aperiodic triggering and reporting of inter-UE
coordination message is helpful in identifying and recovering from failures
happened in the past. In second method, periodic transmission of inter-UE
coordination is helpful in reducing the probability of collision beforehand.
In the third method of event triggered approach is based on the consecutive
NACKSs at the receiver UE helping in reducing successive packet reception
failure.

3 Power Saving Features
3.1 SL DRX Mechanism

Discontinuous Reception (DRX) mechanism was introduced for the NR Uu
interface to prolong UE battery lifetime, by allowing UE to enter sleep mode
at regular period by turning off its RF modem, baseband receiver etc as shown
in Figure 4. However, in sidelink communication, UE can be implemented
with a separate sleep cycle time for reception and transmission. Configuration
of separate/individual separate sleep cycle time for reception and separate
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sleep cycle time for transmission might practically turn out to be difficult
and inefficient to implement, since the reception and transmissions of data
are intrinsically linked in most cases e.g. when a receiver (of a data packet)
must also transmit a HARQ feedback in response to the reception of a data
packet. Therefore, in a sidelink communication, with more than one UEs
involved, ‘not receiving’ for one UE means also ‘not transmitting’ for the
other. Hence, it is easier and more power efficient to introduce a mechanism
allowing sidelink UEs to sleep for both reception as well as for transmission
using one single sleep cycle with a resulting “DRX” cycle allowing turn off
both its receiver circuitry and transmitter circuitry.

The decentralized nature of the sidelink communication requires new
solution to address DRX cycle configuration between more than one sidelink
UEs to start communication. A “common DRX cycle configuration” allows
each of these sidelink UEs to receive and/or transmit from nearby UEs. Hence
the configuration of this common DRX cycle can be depended on the initiated
service or application. In this case, each service/application has an associated
SL DRX configuration which means sidelink DRX configuration is linked to
the PC5 QoS Identifier (PQI) of a service/application or to a PQI-range (to
keep the limited number of configurations).

Sidelink DRX configuration consists of a time slot offset and a period-
ically occurring time-period to monitor reception and transmission of data.
Given that the corresponding SL. DRX configuration is known (e.g. precon-
figured) for a specific service, both the new UE and a potential-peer would
know when to wake up to receive or to transmit data on the PC5 interface
for that particular service and at least for how long (on duration) each time
period. However, sidelink devices can further co-ordinate to extend the active
time, or even modify/ agree on another SL DRX configuration.

Further, it is beneficial if the SL and Uu DRX configurations, i.e. Active
Time on Uu interface and the Active Time on the PCS5 interface, are aligned
for a UE having RRC Connection established on Uu with the gNB. The
sidelink UE signals its SL DRX configuration to the gNB allowing the latter
to provide an aligned Uu DRX accordingly. There is one common Active
Time on the Uu interface which encompasses the PDCCH monitoring for Uu
as well as SL related DCI.

A Go-to-sleep mechanism can also be used for the PC5 interface, where
a potential transmitter informs its peer receivers that there is no more data
available for transmission by allowing UE to enter the sleep period earlier.

Another method is the usage of relaying to save power by using a nearby
UE relay to make transmission to another sidelink UE or to a gNB by using
low transmit power. DRX cycles needs to aligned between the Tx UE, relay
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Figure 5 UE-to-network Relay UE and UE-to-UE Relay UE.

UE and the remote UE to transmit and receive data within the active period,
without DRX cycle alignment the relay UE might not be able to receive data
from the Tx UE and transmit data to the remote UE.

4 SL Relay Enhancement — NW Relay and UE-UE Relay

UE relay as shown in Figure 5 is of two types: UE-to-network Relay
UE (U2N Relay) and UE-to-UE Relay UE (U2U Relay). Relay enhances
coverage, reliability by using multi-hop or mesh architecture. Tx UE needs
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Figure 6 Path selection in a Relay architecture.

to discover and select a Relay before starting its transmissions to a Remote
UE. Figure 6 shows an example architecture allowing more paths between
the Tx UE and the remote UE 3 for enhancing reliability and coverage. Tx
UE can use both relays to transmit data towards the destination remote UE
3 to enhance reliability and then different relay path can be selected in the
forward and the reverse link based on the channel condition at the Tx UE and
the remote UE.

5 Conclusion

This paper outlines the solutions such as inter-UE coordination, DRX and
Relaying being discussed in the current NR Rel-17 sidelink for enhancing
reliability of NR Mode 2 resource selection, power saving for pedes-
trian/vulnerable road user/commercial sidelink devices and then for coverage
extension respectively. Assistance information such as preferred resource,
non-preferred or conflicted resources can be exchanged to prevent half
duplex, hidden node and persistent collision issues. A common DRX cycle
configuration allows Tx UE and Rx UE(s) to transmit and receive at the same
time for all cast types. DRX cycle alignment in a relay architecture reduces
latency and saves power by allowing Tx UE, Relay UE and Remote UE to
transmit and receive data within the same DRX cycle. Defining different
relaying architecture allows coverage extension for both gNB and sidelink
devices. Reliability enhancement by avoiding packet loss can be achieved by
forwarding packets to more than one Relay UEs.
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