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An objective of the NR V2X SI is to study whether Rel-15 NR Uu and LTE Uu interfaces support advanced V2X use cases [1], and enhancements if necessary. The SID includes the use cases that are identified in [2] and are categorized into the four use case groups of vehicles platooning, extended sensors, advanced driving, and remote driving [3]. In this contribution, we discuss the enhancements necessary to meet the NR V2X requirements [2]-[3]. Detailed NR Uu and LTE Uu evaluation results are provided in our companion contributions [4] and [5], respectively. 
Discussion
In this section we discuss some NR Uu enhancements that we consider necessary to meet the advance NR V2X latency and reliability requirements. 
Uu multicast support 
In advanced V2X scenarios, NR Uu multicast services have various applications such as network HD map provisioning to a group of vehicles. A Uu broadcast or a Uu unicast service is not a preferred method for this, since at an intersection, the network should provide a HD map to northbound vehicles that is different from that provided to the eastbound vehicles. The same discussion is applicable to two groups of vehicles moving in opposite directions in a highway. Either of these two groups requires the same map that is different from the one provided to the group moving in the opposite direction. Moreover, the operator may need to provide such HD maps only to the group of vehicles that are subscribed to this service instead of broadcasting it to all vehicles. Providing HD map using SL groupcast is also problematic: Network should provide a HD map to a Vehicle A in the intended group and then Vehicle A should groupcast the map to all vehicles in the group. However, the second hop requires that the SL between Vehicle A and all other vehicles are already established and Vehicle A knows that they are the intended recipients, requiring collection and storage of information of if they are moving in the same direction as Vehicle A and are subscribed to the HD map service. 
For the use cases listed by 5GAA in [6], the following table gives the recommendation for unicast, SL multicast, or Uu multicast for the transmission to vehicles. For the use cases where vehicles need to communicate with backend/cloud or take service/application layer information into account, Uu multicast is the preferred delivery mechanism.
	Use case
	Unicast(SL/Uu)	
	SL Multicast
	Uu Multicast

	Software Update
	√
	
	√

	Situation Awareness& HD Maps
	
	√(Situation Awareness)
	√(Situation Awareness and HD Map download)

	[bookmark: _GoBack]Group Start
	
	√
	

	Cooperative Maneuver
	
	√
	

	Remote AD Cancelling
	
	
	√

	Automated Intersection Crossing
	
	√
	

	Autonomous parking vehicles by automated driving
	√
	
	

	High Definition Sensor Sharing
	
	√
	



Furthermore, in terms of general requirements for efficient execution of use cases, 5GAA in [6] (Annex 10) explicitly states and deems as high priority that the “3GPP system shall be able to optimize the communication between UEs supporting V2X application belonging to the same group and in proximity.”
LTE V2X supports single-cell point-to-multipoint (SC-PTM) in its downlink. SC-PTM was introduced in Rel. 13 as a spectrally more efficient, a lower latency alternative to MBSFN. In SC-PTM, multicast services are limited to a single cell so that the multicast area can be dynamically adjusted within each individual cell. As opposed to MBSFN, PDSCH carries SC-PTM transmission using a Group-RNTI that is assigned to the target UEs. It is observed that the latency of SC-PTM can be reduced using shorter modification and repetition periods [8]. While shorter modification, repetition, and scheduling periods can reduce the broadcast/multicast services latency, there are NR services such as mini-slot transmission for low volume data with possible K repetitions that should also be studied to reduce the NR Uu latency. The use of mini-slot transmission further facilitates scheduling multiple groups of multicast services in the same slot, resulting in an improved spectral efficiency and reduced latency. 
As such, we believe that Uu multicast services should also be supported in NR V2X.
Proposal 1: NR Uu should support multicast service transmission via PDCCH/PDSCH and Group-RNTI.
Proposal 2:  NR Uu should support scheduling multiple groups of multicast services in the same slot.
It is observed that in LTE SC-PTM, services can be enhanced by taking into account UEs’ geo-location information. Various other potential enhancement techniques for both SC-PTM are also reported in [8]. For instance, the possibility of using (N)ACK and sparse CSI reports to improve NW awareness and calibrating SC-PTM transmission format is noted. We believe that NR Uu multicast services can benefit from similar enhancements. As such, we propose:
Proposal 3: HARQ and CSI reporting should be supported in NR Uu multicast services. 
Note also that the minimum required communication range in NR V2X is up to 1000 m for extended sensors, 700 m for advanced driving, and 350 m for vehicle platooning [3]. This means that, often, the information-sharing V-UEs within a group or those receiving the same HD map are spread in an area larger than the coverage of a single cell. It should be studied how the multicast traffic can be delivered to a group of V-UEs using coordinated transmission from multiple neighboring cells without considerable sacrifice in the agility of multicast. It also needs to be studied how each UE in a DL multicast group can determine the QCL properties of the PDSCH DMRS of the multicast traffic and how this may impact the multicast traffic transmission at the network side. To support multi-cell multicast service, multiple PDSCH DMRS port groups with potentially different QCL properties should be supported. This is particularly important for studying how DL multicast can be efficiently supported in FR2.
Proposal 4: To support multi-cell multicast service in NR Uu V2X, QCL associations of PDSCH DMRS port groups should be revisited. 

Mobility enhancements
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signaling protocol, or other message exchanges between the mobile station and the radio access network.
In NR Release 15, the DL mobility measurement based on SSB and CSI-RS includes 3 steps. The total time would not be 0 ms [7]:
· gNB sends SSB or CSI-RS
· UE measures SSB or CSI-RS and report RSRP/RSRQ to gNB
· gNB sends handover command to UE
Observation 1: DL RRM measurement needs to be improved to meet 0 ms interruption requirement.
Handover to another cell has impact on the proper operation of advanced V2X services. Thus, inter-cell mobility needs to be further considered. To achieve the NR target for 0 ms mobility interruption time, UL mobility measurement (e.g. based on RACH or SRS) should be considered to reduce the handover delay as follows:
· UE sends an UL signal such as RACH or SRS to gNB
· gNB measures the UL signal and sends handover command to UE
Proposal 5: To reduce NR V2X mobility latency, UL mobility measurement should be considered. 
Evaluations and enhancements for LTE Uu 
Evaluations for LTE Uu 
Based on evaluations of Rel-15 LTE Uu techniques for supporting advanced V2X services [5], it is concluded that Rel-15 LTE Uu techniques could not ensure 100% vehicles to obtain 99.999% reliability for uplink nor downlink from the following observations [5].
Observation 2: LTE Uu evaluations show 62.5% and 48.3% UEs could be supported at the 99.999% reliability level for downlink for highway and urban grid scenario, respectively. 
Observation 3: LTE Uu evaluations show 60% and 40% UEs could be supported at the 99.999% reliability level for uplink for highway and urban grid scenario, respectively.

Enhancements for LTE Uu
The Rel-15 LTE HRLLC feature was designed to fulfill the (32 bytes, 10-5 BLER, 1 ms) target based on sTTI frame structure. The challenges LTE Uu faces to support remote driving is up to 250 km/h speed and UL 25 Mbps and DL 1 Mbps in addition to 99.999% reliability with 5 ms end-to-end latency and subject to the fixed subslot TTI length (2 or 3 symbols) and the defined maximum bandwidth.
It was discussed in standardization of LTE HRLLC feature that 1 ms latency requirement could not make re-transmission possible. Therefore, HARQ-ACK feedback may provide limited benefit, as the time until the next data arrival can be unpredictable making link adaptation challenging. If this is the case, the HARQ-ACK feedback related fields can be removed from the DCI, so that PDCCH overhead can be reduced and more resources could be used for PDSCH repetition. For advanced V2X services this is still true. 
Proposal 6: Study the feasibility of reducing DCI size for HARQ-less transmission to support the advanced V2X service of remote driving over LTE Uu.
In addition, in order to have more resources for uplink traffic packet transmission and with the understanding that HARQ-ACK feedback on PUCCH is unlikely to be very beneficial, it is worth to consider allowing eNB to disable downlink HARQ-ACK feedback. 
Proposal 7: Study the feasibility of disabling downlink HARQ-ACK feedback in order to support the advanced V2X service of remote driving over LTE Uu.
Conclusions
This paper has discussed the advanced V2X use cases for NR Uu, and the enhancements that should be studied to support them. Evaluations of LTE Uu performance in remote driving was also summarized, and enhancements to study for LTE to support such a use case were proposed.
Proposal 1: NR Uu should support multicast service transmission via PDCCH/PDSCH and Group-RNTI.
Proposal 2:  NR Uu should support scheduling multiple groups of multicast services in the same slot.
Proposal 3: HARQ and CSI reporting should be supported in NR Uu multicast services.
Proposal 4: To support multi-cell multicast service in NR Uu V2X, QCL associations of PDSCH DMRS port groups should be revisited. 
Proposal 5: To reduce NR V2X mobility latency, UL mobility measurement should be considered. 
Proposal 6: Study the feasibility of reducing DCI size for HARQ-less transmission to support the advanced V2X service of remote driving over LTE Uu.
Proposal 7: Study the feasibility of disabling downlink HARQ-ACK feedback in order to support the advanced V2X service of remote driving over LTE Uu.

Observation 1: DL RRM measurement needs to be improved to meet 0 ms interruption requirement.
Observation 2: LTE Uu evaluations show 62.5% and 48.3% UEs could be supported at the 99.999% reliability level for downlink for highway and urban grid scenario, respectively. 
Observation 3: LTE Uu evaluations show 60% and 40% UEs could be supported at the 99.999% reliability level for uplink for highway and urban grid scenario, respectively.
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