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Introduction
Take advantage of this opportunity of RAN REL-18 workshop, our views of sidelink enhancement in Rel-18 are elaborated. 

Enhancements on NR sidelink
Motivations

LTE sidelink and NR sidelink have been specified for V2X and public safety, and V2X deployment is developing rapidly all over the world. But due to the work load, Rel-16/Rel-17 sidelink only focuses on limited functionalities and more enhancements/functionalities are desired in Rel-18. For example, in the original Rel-16 WI[1], there is an objective as below. However, this objective is unfortunately not finished due to the limited time:

Support for simultaneous configuration of Mode 1 and Mode 2 for a UE

Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.

Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 

Besides, only single carrier operation is supported in Rel-16/17 NR V2X, as noted in WID that “For the scenarios of NR sidelink carrier, this work will consider a single carrier for the NR sidelink transmission and reception.” It is difficult to support some advanced services(e.g., Extend Sensor) which requires high data rate(up to 1Gbps). 

Observation1: Due to the work load and limited time, Rel-16/Rel-17 sidelink only focuses on limited functionalities and more enhancements/functionalities are desired in Rel-18.
Challenges/requirements

For NR sidelink, the service requirements need to be met to support for V2X scenarios in the following five areas:

-
General Aspects 
-
Vehicles Platooning
-
Advanced Driving

-
Extended Sensors 

-
Remote Driving
To support the scenarios above, according to [2], for example, up to 1Gbps of data rate is required for the exchanging of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians and V2X application servers within the case of extended Sensors. To support such high data rate, Carrier Aggregation should be introduced. In addition, 99.999% of reliability is required for emergency trajectory alignment between UEs supporting V2X application within the case of advanced driving. Thus, both high data rate and reliability should be ensured.

Observation 2: According to TS 22.186, up to 1Gbps of data rate and 99.999% of reliability is required.

Enhancements
To meet the requirement listed in TS 22.186, both high data rate and reliability should be ensured. As we know, sidelink carrier aggregation are one of most effective schemes to increase both data rate and reliability during Rel-15 LTE V2X, we think the basic mechanism such as packet duplication, limited TX/RX capability handling, carrier selection, and synchronization across multi-carriers shall be reused.
Proposal 1: Multi-carrier support and sidelink carrier aggregation mechanism should be introduced in NR sidleink. And the following issues may be considered:
Synchronization on multiple carriers, e.g., synchronization reference selection, S-SSB transmission
Packet duplication
Handling limited TX/RX capability
Carrier selection
In addition, when multiple BWP/carrier is supported in a band, it is better to align the transmissions on different carriers to avoid AGC issue. To support this, multiple slots with big SCS could be aggregated to align a slot with small SCS.
Proposal 2: Slot aggregation should be supported in case of supporting multiple BWP/carrier in a band.
Moreover, FR2 operation is another effective scheme to increase data rate in NR Uu. Similarly, we think sidelink operation on FR2 should also be considered. To be specific, to support sidelink operation on FR2, at least beam management on FR2 should be considered. 

Proposal 3: Sidelink operation on FR2 should be supported, and at least beam management issues should be considered.
In mode 2 resource allocation of NR sidelink, some UEs can select the resources based on sensing or partial sensing. Meanwhile, it allows that some other UEs with random resource selection to share the same resource pool. In this case, the reliability of mode 2 cannot be ensured under worse communication conditions. To improve the reliability of mode 2, some enhancements should be considered, e.g. using standalone SCI to reserve the sidelink resource before its initial transmission.
Proposal 4: The reliability of mode 2 should be further improved in case of worse communication conditions.
Support on SL-U
Motivations

From Rel-12 to Rel-16, Sidelink can only work on licensed band or ITS band, while LTE-U(LAA) and NR-U are developed in 3GPP which can work on unlicensed spectrum. 

On the other hand, sidelink based V2X will soon be deployed around the world. Moreover, vertical industries, such smart home network, smart office, AR/VR gaming, logistic park management, will be developing rapidly. Take AR/VR as an example, which is elaborated in 22.261, audio-visual interaction is characterised by a human being interacting with the environment or people, or controlling a UE, and relying on audio-visual feedback[3]. Some use cases are illustrated as below[3], and the corresponding requirements on the 5G system is provide in Table 1. 
-
Cloud/Edge/Split Rendering – Cloud/Edge/Split Rendering is characterised by the transition and exchange of the rendering data between the rendering server and device.
-
Gaming or Training Data Exchanging – This use case is characterised by the exchange of the gaming or training service data between two 5G connected AR/VR devices.
-
Consume VR content via tethered VR headset – This use case involves a tethered VR headset receiving VR content via a connected UE; this approach alleviates some of the computation complexity required at the VR headset, by allowing some or all decoding functionality to run locally at the connected UE. The requirements in the table below refer to the direct wireless link between the tethered VR headset and the corresponding connected UE.

From the Table 1, the requirements for AR/VR are observed as below:
Observation 3: For AR/VR, the following requirements are listed:
Data rate could be up to [10]Gbps

Max allowed end-to-end latency could be as low as 5ms

Reliability could be as high as 99.99%.   

Considering the implementation of applications containing AR/VR components, the requirements on the 5G network could be based on sidelink to implement these services. For Note 3 and 6 in Table 1, it gives an example of the usage of direct links for a VR application in a 5G system. Based on sidelink, the data traffic between two UEs can be directly delivered, which greatly reduce the end-to-end latency. 

Meanwhile, spectrum is a limitation for supporting more high data rate applications. It is a good way to extend these applications to unlicensed spectrum. In this way, some services can be supported on licensed spectrum, whilst other services can be operated on unlicensed spectrum. With collaboration or traffic balance between the licensed spectrum and unlicensed spectrum, it can provide better services and user experience. 
Based on above analysis, we have the following proposal:

Proposal 5: Extend sidelink to unlicensed spectrum to support more vertical services.

Table 1: KPI Table for additional high data rate and low latency service[3]
	Use Cases
	Characteristic parameter (KPI)
	Influence quantity

	
	Max allowed end-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	# of UEs


	UE Speed
	Service Area

(note 2)

	Cloud/Edge/Split Rendering

(note 1)
	5 ms (i.e. UL+DL between UE and the interface to data network) (note 4) 
	0,1 to [1] Gbit/s supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120 frames per second content.
	99,99 % in uplink and 99,9 % in downlink (note 4)
	-
	Stationary or Pedestrian
	Countrywide

	Gaming or Interactive Data Exchanging 

(note 3)
	10ms (note 4)
	0,1 to [1] Gbit/s supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120 frames per second content.
	99,99 % (note 4)
	≤ [10]
	Stationary or Pedestrian
	20 m x 10 m; in one vehicle (up to 120 km/h) and in one train (up to 500 km/h)

	Consumption of VR content via tethered VR headset 

(note 6)


	[5 to 10] ms

(note 5)


	 0,1 to [10] Gbit/s 
(note 5)


	[99,99 %]
	-
	Stationary or Pedestrian
	-

	NOTE 1:
Unless otherwise specified, all communication via wireless link is between UEs and network node (UE to network node and/or network node to UE) rather than direct wireless links (UE to UE).

NOTE 2:
Length x width (x height).

NOTE 3:
Communication includes direct wireless links (UE to UE). 
NOTE 4:
Latency and reliability KPIs can vary based on specific use case/architecture, e.g. for cloud/edge/split rendering, and may be represented by a range of values.
NOTE 5:
The decoding capability in the VR headset and the encoding/decoding complexity/time of the stream will set the required bit rate and latency over the direct wireless link between the tethered VR headset and its connected UE, bit rate from 100 Mbit/s to [10] Gbit/s and latency from 5 ms to 10 ms. 

NOTE 6:
The performance requirement is valid for the direct wireless link between the tethered VR headset and its connected UE.


Requirements and Key issues

In order to support sidelink on unlicensed band, the following key issues should be considered.

Coexistence with 3GPP and non-3GPP technologies, e.g. NR-U, WiFi .etc, should be supported.
Other technologies, e.g., WiFi, have been widely implied in unlicensed band. In order to support different technologies on unlicensed band with fairness, the channel access procedure e.g., LBT procedure, should be specified for sidelink on unlicensed band, and current procedures in NR-U could be a starting point. 

On the other hand, SL specific resource allocation mechanisms(i.e., Mode 1, Mode 2) have been designed in NR SL to address the resource sharing between SL UEs. For sidelink on unlicensed band, these resource allocation mechanisms should be also supported, and the relationship/co-operation between legacy SL sensing/scheduling procedure and LBT procedure should be further considered. 

In-coverage, partial coverage and out of coverage scenarios should be supported. 
For SL communication, network coverage can not be always assumed, and NR sidelink is designed to support sidelink communications for different services, considering in-network coverage, out-of-network coverage, and partial network coverage. Based on the targeted use cases of sidelink on unlicensed band, it should be also designed without relying on the network coverage. 

The regulations on unlicensed band should be met.
Different regions may have different regulations on unlicensed band, and these regulations should be met, e.g., the OCB(occupied channel bandwidth), PSD(power spectrum density) requirements. And DFS(dynamic frequency selection) is also required in some unlicensed band in some regions.
Enhancements
To reduced the work load of the specification of sidelink on unlicensed band, and also to make SL-U co-exist fairly with other 3GPP and non-3GPP technologies, the solutions defined in NR-U and NR sidelink should be reused as much as possible:
LBT procedure defined in NR-U considers the coexistence issue with WiFi, and it can be a starting point for SL-U.

The defined channel access types(type 1, type 2/2A/2B/2C) in NR-U
COT(channel occupied time) sharing mechanisms in NR-U can also be extended to UE-to-UE case for SL-U
The following solutions that are defined for NR SL should be also a starting point to support SL-U. 
The physical layer structures and procedures, e.g., physical layer channels/signals, SL HARQ procedure, synchronization procedures, etc.

Mode 1 and Mode 2 resource allocation, the resource for SL transmissions on unlicensed band can be scheduled by Uu or based on the sensing and resource selection procedure.

    Sidelink L2/L3 protocols and signalling
To sum up, a new work item is proposed to support sidelink on unlicensed band:
Proposal 6: A new work item is proposed to support sidelink operation on unlicensed  band, considering in-network coverage, out-of-network coverage, and partial network coverage. The following objectives can be further considered for this work item:
Specify mechanisms for LBT related procedures in NR-U, including LBT procedures for different SL physical channels, and NR-U should be a staring point. (RAN1, RAN2)
Specify the physical layer channels and signals and related procedures.(RAN1)
Enhancements to Mode 1 and Mode 2 resource allocation mechanisms.(RAN1, RAN2)
Specify the L2/L3 protocols and signalling.(RAN2, RAN3)
UE Tx and Rx RF requirement(RAN4)

OCB and PSD requirements should be met on unlicensed band.

Conclusion
Based on above analysis, we have the following observations and proposals:

Observation1: Due to the work load and limited time, Rel-16/Rel-17 sidelink only focuses on limited functionalities and more enhancements/functionalities are desired in Rel-18..
Observation 2: According to 22.186, up to 1Gbps of data rate and 99.999% of reliability is required.

Observation 3: For AR/VR, the following requirements are listed:
Data rate could be up to [10]Gbps

Max allowed end-to-end latency could be as low as 5ms

Reliability could be as high as 99.99%.   

Proposal 1: Multi-carrier support and sidelink carrier aggregation mechanism should be introduced in NR sidleink. And the following issues may be considered:
Synchronization on multiple carriers, e.g., synchronization reference selection, S-SSB transmission
Packet duplication
Handling limited TX/RX capability
Carrier selection
Proposal 2: Slot aggregation should be supported in case of supporting multiple BWP/carrier in a band.
Proposal 3: Sidelink operation on FR2 should be supported, and at least beam management issues should be considered.
Proposal 4: The reliability of mode 2 should be further improved in case of worse communication conditions.
Proposal 5: Extend sidelink to unlicensed spectrum to support more vertical services.

Proposal 6: A new work item is proposed to support sidelink operation on unlicensed  band, considering in-network coverage, out-of-network coverage, and partial network coverage. The following objectives can be further considered for this work item:
Specify mechanisms for LBT related procedures in NR-U, including LBT procedures for different SL physical channels, and NR-U should be a staring point. (RAN1, RAN2)
Specify the physical layer channels and signals and related procedures.(RAN1)
Enhancements to Mode 1 and Mode 2 resource allocation mechanisms.(RAN1, RAN2)
Specify the L2/L3 protocols and signalling.(RAN2, RAN3)
UE Tx and Rx RF requirement(RAN4)

OCB and PSD requirements should be met on unlicensed  band.
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