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Introduction
Rel-16 specification work, 5G V2X with NR sidelink WI [1], is designed to support advanced V2X services over the NR PC5 and Uu interfaces. Rel-17 work, in the NR sidelink enhancement WI [2], is currently developing sidelink enhancements on power saving, as well as mode 2 resource allocation reliability and latency, with consideration on use cases for public safety and commercial demands, in addition to V2X. However, after Rel-16 and Rel-17 sidelink and V2X need to face the even higher demands of use cases for eMBB application and vertical industry such as wireless video monitoring (video surveillance), indoor experience and interactive services, such as defined in SA1 TR 22.842. These can be considered for enhancement of sidelink in Rel-18. 
The use of sidelink for positioning has been studied in SAE [3] and RAN SI [5]. Sidelink positioning is expected to improve the positioning service availability in various scenarios where neither GNSS nor cellular base stations are available [3]. The positioning use cases and requirements defined for V2X and public safety are summarized in TR 38.845, which is to be finalized in RAN#93.
Although the network side (or the spectrum owner side) is also involved in Rel-16/17 sidelink design, the involvement is more focused on signalling/configuration on SL resource allocation and congestion control. Data transmission itself is mainly initiated from one UE on SL to other UE(s) over PC5, rather than from or to the gNB. To improve the UE experience for eMBB application in R18, as well as to ensure that more stringent reliability/latency requirement for vertical applications can be met on Uu link, Uu enhancement for V2X is important.
Our views on the scope of Rel-18 sidelink and V2X enhancement are provided in this contribution.
Discussion
Sidelink enhancement for V2X and commercial usage 
Use cases and motivation
Commercial use cases
The sidelink can be used for use cases such as interactive services for AR/VR, HMD connected to smart phones, etc. As the development of new devices (e.g. VR/AR devices, robot, etc.), 3GPP TR 22.261 defines audio-visual interaction, e.g. AR/VR application, including online XR gaming and interactive data sharing between variable devices, which requires Gbps user-experienced data rate with low latency < 10ms at 99.99% reliability, as shown in Table 1. 



[bookmark: _Ref72738705]Table 1 Performance requirements for AR/VR (from TS 22.261)
	Use Cases
	Characteristic parameter (KPI)

	
	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability

	Gaming or Interactive Data Exchanging 
NOTE: Communication includes direct wireless links (UE to UE).
	10ms
	0.1-[1] Gbps supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120fps content.
	99.99%

	Consume VR content via tethered VR headset
NOTE: The performance requirement is valid for the direct wireless link between the tethered VR headset and its connected UE.
	[5 -10] ms 
	0.1-[10] Gbit/s  
	[99.99%]


However, these requirements cannot be fulfilled in Rel-16/17. 
TS 38.306 defines maximum data rate for sidelink as:

Given a single sidelink carrier, maximum 40 MHz bandwidth, maximum 2 layer transmission, and 256-QAM for Rel-16/17, it can only support a maximum data rate around 400 Mbps.
Observation 1: Very high data rate with 400Mbps+ on sidelink cannot be supported in current Rel-16 and Rel-17.
V2X use cases
TS 22.186 defines an extended sensors use case group, including cases of sensor and video information between UEs supporting V2X application, which requires 700 Mbps – 1000 Mbps data rates up to 200 meters. It is also required to meet 99.99%-99.999% reliability for higher degree of automation V2X operation (e.g. autonomous driving (L4+) to support at minimum 200ms communication range, as shown in Table 2.
Table 2 Performance requirements for extended sensors (from TS 22.186)
	Communication scenario description
	Max
	Reliability (%)
	Data rate (Mbps)
	Min required communication range (meters)

	
	end-to-end
	
	
	

	
	latency
	
	
	

	Scenario
	Degree
	(ms)
	
	
	

	Sensor information sharing between UEs supporting V2X application
	Higher degree of automation
	3
	99.999
	50
	200

	
	
	10
	99.99
	1000
	50

	
	
	
	
	
	

	Video sharing between UEs supporting V2X application
	Higher degree of automation
	10
	99.99
	700
	200


RAN1 has conducted extensive evaluations on mode 2 reliability and latency enhancement and provided to RAN detailed evaluation results [7]. Even with reliability enhancement scheme such as inter-UE coordination in Rel-17, it is challenging to meet 99.9%+ reliability for the typical highway or urban deployment (as defined in TR 37.885). For example, in our evaluation (see assumption in the Appendix), as shown in Figure 1.
[image: ]
[bookmark: _Ref73194855]Figure 1. Average PRR performance for Highway scenario with mixed periodic and aperiodic traffics
Observation 2: Ultra-high reliability of above 99.9% for dense traffic with low latency is challenging to be met in current Rel-16 and Rel-17.
Moreover, the positioning requirements for V2X use cases are agreed in TR 38.845 [5] , and the positioning requirements can be grouped into three sets: 
· Set 1: 10 – 50 m with 68 – 95 % confidence level. 
· Set 2: 1 – 3 m with 95 – 99 % confidence level.
· Set 3: 0.1 – 0.5 m with 95 – 99 % confidence level. 
The above positioning requirements of a UE can be on its latitude/longitude coordinates, i.e. requirements on the absolute position; and on the distance and angle to another participant, i.e. requirements on the relative position.
Several V2X use cases with positioning requirements need to operate independent of the network coverage, i.e. they can operate in network coverage, in partial network coverage or out of network coverage. When in network coverage, use cases can rely on Uu positioning for meeting the positioning requirements. However, in areas with poor or without network or GNSS coverage such as in tunnels, underground parking lots, remote wildfires [3], the performance of Uu positioning or GNSS can be limited. Thus, the positioning requirements of V2X use cases in partial or out of network coverage may likely not be met with existing cellular-based positioning methods. 
Technical considerations
Enhancement to support sidelink operations over unlicensed spectrum
Due to single sidelink carrier and limited bandwidth for Rel-16/17 sidelink (maximum 40 MHz in practice), it is impossible to satisfy the use cases identified in section 2.1.1. These issues can be addressed by utilization of unlicensed spectrum due to its wider available bandwidth. 3GPP has already finished NR-U in 5 GHz and 6GHz unlicensed band and started a WI extending current NR operation to 71 GHz [4], targeting unlicensed spectrum from 57 GHz to 71 GHz, which can be considered for sidelink operations. 
Given that much wider bandwidth can be obtained in higher frequency bands, sidelink operation on 60 GHz unlicensed spectrum is more preferable than on FR1 to achieve multi-Gigabit/s user throughput. In mmWave spectrum, sidelink beam management and multiple panels are necessary to ensure the coverage and performance. Fast beam alignment, including beam tracking and beam recovery for mobility to achieve better spectrum efficiency in mmWave unlicensed spectrum, especially for high mobility devices, is also important, e.g. in V2X cases or interactive XR services. In addition, mmWave sidelink can be assisted from FR1 sidelink, e.g. on the aspects of initial link establishment, beam failure recovery, etc, since broadcast/groupcast in FR1 can be more efficient than in FR2 as well as better coverage of FR1 sidelink. 
On the other hand, LBT is mandated in some regions [EN 301 893][EN 302 567] to facilitate co-existence between radio equipment with different radio access techniques (e.g. LAA, NR-U, NR-U-60, 802.11ac/ad/ax/ay/be, etc) sharing the same unlicensed spectrum. This will have a significant impact on resource allocation schemes for sidelink, not only PSCCH/PSSCH, but also PSFCH. In addition, considering the requirement from channel access, e.g. LBT, MCOT restrictions, etc., resource pool and frame/slot structures for sidelink defined in Rel-16/17 also need modifications.
The standard development for sidelink operations over unlicensed spectrum can be based on existing NR Uu and SL physical layer frameworks.
Proposal 1: Support sidelink operations over unlicensed spectrum up to 71 GHz, and designs can be can be based on existing Uu and sidelink physical layer frameworks, with necessary modifications.
· Support beam-based sidelink operations on 60 GHz unlicensed spectrum.
Enhancement on power saving
In Rel-17, taking into account of the pedestrian UEs, vulnerable UEs (VRUs), etc., SL-DRX and reduced-sensing resource allocation schemes including partial sensing and random resource selection, are defined to reduce UE power consumption. However, either partial sensing or random resource selection is at the cost of reduced reliability compared to Rel-16 full sensing baseline to save power. An extension framework to Rel-17 can be considered to improve reliability as well as reduce power consumption. In addition, the power efficiency and saving gain can be further improved, given that Rel-17 SL-DRX is based on long-DRX cycle-based SL-DRX without an efficient wake-up and sleep mechanism. In order to significantly reduce power consumptions, particularly for handset mobile devices, e.g. XR devices, wearable devices, a dedicated wake-up signal which enables a simplified wake-up receiver, can be taken in account for Rel-18 enhancement. 
Proposal 2: Support power saving enhancements including power-efficient resource allocation schemes, and a wake up mechanism including considerations on a dedicated wake-up signal enabling a simplified wake-up receiver.
Enhancement on sidelink resource allocation schemes
UE-based scheduling of sidelink transmission, including relaying of the gNB’s resource configuration or scheduling, is beneficial for UE group operation such as platooning, resource management of a RSU over a certain range. This can achieve a higher packet transmission reliability due to centralized resource allocation coordination within a whole group. In Rel-17, although inter-UE coordination schemes are identified to improve mode 2 resource allocation reliability, it mainly focuses on coordination per coordination link in mode 2 but lack of centralized management among multiple PC-5 links or interaction with gNB. On the other hand, enhanced resource allocation within the UE group managed by an anchor-UE/RSU/gNB can be considered to further reduce resource collisions, half-duplex, etc., and therefore to further improve reliability. 
Proposal 3: At least support UE scheduling of another UE under network control in mode 1.
Enhancement to support sidelink positioning
With sidelink positioning, a V2X positioning requirement can be met based on sidelink measurements of reference signals sent in sidelink. Besides being beneficial in partial network coverage and out of network coverage, sidelink positioning can also be considered in network coverage, e.g. to complement Uu positioning. Even if Uu positioning is able to meet a positioning requirement of a V2X use case, sidelink positioning offers several benefits like reduced latency and signalling which makes it attractive also in network coverage.
As R16/R17 sidelink design was over ITS (e.g. n47) and licensed bands (e.g. n14, n38, n79), sidelink positioning needs to be designed based on existing sidelink frameworks, and sidelink positioning should at least consider both ITS and licensed spectrum. Given the bandwidth availability for sidelink positioning could be limited the target accuracies of the first two sets of V2X positioning requirements considered in TR 38.845 should be a starting point for Rel-18. 
Some V2X use cases requiring collision avoidance, e.g. coordinated V2X maneuvers or emergency braking, may only have a requirement on the relative position of a UE with respect to another participant, being another vehicle or a pedestrian. To meet the relative position requirement in such use cases, the absolute position of the UE and/or of the other participant are not needed. Sidelink positioning provides a more natural procedure for supporting positioning requirements on the relative position of a UE. 
Proposal 4: Support sidelink positioning to meet requirements on the relative and absolute position, including positioning requirement between vehicles, between vehicle and pedestrian and between vehicle and infrastructure in network coverage, partial network coverage and out of network coverage. 
Proposal 5: For Rel. 18, sidelink positioning should be supported for the ITS and licensed bands. 
LTE/NR-V co-channel coexistence
There could be two possible alternatives to enable LTE/NR-V co-channel coexistence:
· Alt1: Allow system-wise TDM’ed LTE-V and NR-V coexistence. This can be realized either by two separate resource pools that do not overlap in time domain, or one resource pool that is fragmented into different non-overlapping time resources used separately for LTE and NR-V.
· Alt2: Allow LTE-V and NR-V coexistence in the same resource pool. This implies that these different RATs need to detect at least sidelink control information from each other in order to perform mode 2 sensing and resource selection. However, LTE-V has a fundamental physical layer structural difference to NR-V, in terms of waveform, channel coding, frame/slot structure, subcarrier spacing, etc. Supporting co-channel coexistence between NR-V Rel-18 and LTE-V appears to be prohibitively difficult.
In order to overcome the concerns mentioned in Alt2, this would require in-depth studies and evaluations, and significant standardization work is expected. This challenging task is with a high level risk on Rel-18 specification completion, taking into account there are other enhancements needed in Rel-18 as well. In summary, Alt 1 is simple and feasible, but Alt 2 should not be supported in Rel-18.
Proposal 6: LTE-V and NR-V co-channel coexistence is supported via implementation methods, e.g. resource pool configuration.
[bookmark: _GoBack]QoS prediction enhancement for V2X
Motivation
Many V2X (V2N/V2I/V2V) use cases have the most demanding and stringent quality-of-service (QoS) requirements on the wireless communication. For example, 5GAA WG1 defines a C-V2X use case: infrastructure assisted environment perception [8], where an automated vehicle can subscribe to an infrastructure service that provides enhanced environment information regarding dynamic and static objects on the road, with service-level reliability up to 99.99%. There is another use case: automated intersection crossing [8], where traffic light, intersection geometry and intersection manager data information are to be delivered to the vehicles. This use case has requirement of 10ms latency and 99.9999% reliability. NR V2X is aiming to support these use cases with high reliability. However, in real vehicular environment the experienced QoS is affected by various factors and may not be kept continuously constant. A sudden service interruption due to QoS degradation will lead to serious consequences. Hence, it is an ultimate need to predict the change of the QoS level of one or more QoS parameters of an established service, as well as to provide early notifications to the vehicles about the predicted decrease or increase of the QoS. This notification can support the fast adaptation process of the V2X application.
Technical considerations
The pre-notification and sustainability solution in Rel-16/17 forecasts the expected QoS change during the cell switch. Further, the prediction analysis is based on the available cell-level information in the core network. Therefore, the accuracy cannot fulfill the actual prediction requirement of a particular V2X service at a particular location and time instance. These issues can be addressed by enhancement of the RAN-level support on the QoS prediction function. RAN is able to provide more timely and accurate information related to measurement (MDT) to support QoS prediction. 
Proposal 7: Support enhancement for Uu QoS prediction by providing more timely and accurate RAN information related to measurement (MDT).
Also, it should be noted that the current QoS prediction focuses only on the Uu interface, without considering the sidelink interface [6]. However, many V2X use cases (e.g., platooning, sensor data exchange) will use the sidelink interface. Hence, it is very useful to extend the QoS prediction functionality also at the sidelink interface by allowing RAN to report accurate information on sidelink. This extension includes definition and optimization on collection/preprocessing procedure in RAN to support prediction function based on current sidelink QoS framework.
Proposal 8: Support enhancement for sidelink QoS prediction by extending MDT, and introducing sidelink QoS report.
Conclusion
In this contribution, motivations and possible technical consideration for NR sidelink and V2X enhancements fin Rel-18 are discussed, where we have provided following observations and proposals:
Observation 1: Very high data rate with 400Mbps+ on sidelink cannot be supported in current Rel-16 and Rel-17.
Observation 2: Ultra-high reliability of above 99.9% for dense traffic with low latency is challenging to be met in current Rel-16 and Rel-17.
Proposal 1: Support sidelink operations over unlicensed spectrum up to 71 GHz, and designs can be can be based on existing Uu and sidelink physical layer frameworks, with necessary modifications.
· Support beam-based sidelink operations on 60 GHz unlicensed spectrum.

Proposal 2: Support power saving enhancements including power-efficient resource allocation schemes, and a wake up mechanism including considerations on a dedicated wake-up signal enabling a simplified wake-up receiver.
Proposal 3: At least support UE scheduling of another UE under network control in mode 1.
Proposal 4: Support sidelink positioning to meet requirements on the relative and absolute position, including positioning requirement between vehicles, between vehicle and pedestrian and between vehicle and infrastructure in network coverage, partial network coverage and out of network coverage. 
Proposal 5: For Rel. 18, sidelink positioning should be supported for the ITS and licensed bands. 
Proposal 6: LTE-V and NR-V co-channel coexistence is supported via implementation methods, e.g. resource pool configuration.
Proposal 7: Support enhancement for Uu QoS prediction by providing more timely and accurate RAN information related to measurement (MDT),
Proposal 8: Support enhancement for sidelink QoS prediction by extending MDT, and introducing sidelink QoS report.
Appendix
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Table 1: Basic simulation assumptions for Scheme 1 with preferred resources
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Rel-16: mode 2 sensing and resource selection
Rel-16: Inter-UE coordination for mode 2 (preferred scheme, both UEs sensing)

	Synchronization
	Ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	V-UE antenna model
	TR 37.885 Option 1

	Traffic model
	50% vehicles generate packets
Among the vehicles generates packets, 80% vehicles use periodic traffic, 20% vehicles use aperiodic traffic
Periodic traffic: 
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8 
· Inter-packet arrival time:10 ms, latency = 10ms
Aperiodic traffic: 
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with quantization step of 200 bytes.
· Inter-packet arrival time: 20ms + an exponential random variable with the mean of 20 ms, latency = 40ms

	Deployment and UE drop
	Highway-A  in TR 37.885

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	unicast
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