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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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]. 
At RAN1#95, the following agreement was reached:
	Agreements:
· DCI is used to identify the type-2 UL configured grant to be activated or released. 
· FFS Single DCI for multiple type-2 UL configured grants.
Agreements:
· From RAN1 perspective, NR UE reporting on Uu that include at least traffic periodicity, timing offset, and message size is beneficial at least for the purpose of managing multiple UL configured grants.

Agreements:
· NR supports UE reporting over Uu of sidelink traffic-related information. 
· FFS contents.



At RAN1 AdHoc 1901, the following agreement was reached:
	Agreements:
A UE is not expected to transmit simultaneously according to more than one UL grant (e.g., dynamic or CG) in a given BWP.




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 latency and reliability requirements for advanced V2X services. 
Uu multicast support 
For advanced V2X scenarios, NR Uu multicast services have various applications such as network HD map provisioning to a group of vehicles. The map could be provided by several means:
· Uu broadcast of the map to all UEs
· UE groupcast to the interested UEs
· Uu unicast to each UE
· SL groupcast to the interested UEs
A Uu broadcast is not a preferred method for this. In the example of a road intersection, the network service should provide a HD map to northbound vehicles which is different from that provided to southbound vehicles. Each of these two groups requires a map that is different from the one provided to the group moving in the opposite direction. In one cell, there can be more than one intersection. HD maps provided to groups at different intersections also need be different. Moreover, the operator want to provide such HD maps only to the group of vehicles that are subscribed to this service instead of broadcasting it to all vehicles. For one multicast service, different information needs be delivered to different groups based on e.g. location and direction of UEs.
On the other hand, a Uu unicast is also not ideal since it is less efficient than multicast when the network provides the same map to many vehicles in one group.  As the system load increases, the latency may be impacted. Relaying such services by initial Uu unicast and then SL groupcast adds latency to the service for all vehicles in the second hop. In addition, the second hop requires that Vehicle A knows about the service subscription of adjacent vehicles.  For a scenario such as remote advanced driving cancelation, the latency requirement is limited to 5 ms, and the impact of a second hop latency will be significant.

[image: ]
Figure 1. RSRP measurements between a base station and vehicular UEs moving on urban streets. The center frequency is 2.53 GHz with a bandwidth of 20 MHz. 
Fig. 1 shows that the RSRP measurements between a base station and vehicular UEs remain consistent over UEs that are tens (or even hundreds) of meters apart. For vehicular UEs located within the regions of similar RSRP, this shows that Uu multicast can provide consistent QoS, without the need of initiating unicast transmission to each of the UEs. Another benefit ofUu multicast compared to unicast is that the data could be transmitted to a given group of UEs at the same time. To further analyze the possible benefits of Uu multicast, the simulation results in Table 1 show that the relative spectral efficiency is 3.5~4 times higher than when unicast is used in an example of 2 groups of 5 vehicles (see Table 3 and Table 4 for detailed assumptions). Furthermore, all UEs in this group receive the data at the same time, thus ensuring lower latency. 
Table 1 Relative spectral efficiency of multicast with two groups (2 groups of 5 vehicles, 40 MHz bandwidth available)
	
	Unicast
	Multicast

	Highway
	1
	4.17

	Urban Macro
	1
	3.52


According to the above analysis, it is clear that Uu multicast is the preferred delivery mechanism. 
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. 
Table 2 Recommendation for unicast/SL multicast/Uu multicast 
	Use case
	Unicast(SL/Uu)	
	SL Multicast
	Uu Multicast

	Software Update
	√
	
	√

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

	Group Start
	
	√
	√(if no UE-type RSU deployed or application layer involved)

	Cooperative Maneuver
	
	√
	

	Remote AD Cancelling
	
	
	√

	Automated Intersection Crossing
	
	√
	√(if no UE-type RSU deployed)

	Autonomous parking vehicles by automated driving
	√
	
	

	High Definition Sensor Sharing
	
	√
	



Furthermore, 5GAA in [6] (Annex 10) would like 3GPP to consider that the “3GPP system shall be able to optimize the communication between UEs supporting V2X application belonging to the same group and in proximity.”
Observation 1: For one multicast service, different information needs be delivered to different groups based on e.g. location and direction of UEs.
Observation 2: Uu multicast provides benefits on system resource utilization and service latency.
There is no reliability requirement for LTE Uu multicast service. For HD map download, if one transmission failed, there is no mechanism to recover the required data. The only way is to trigger an application layer procedure to re-download the required information. This will clearly impact latency. 
Observation 3: High reliability of NR Uu multicast service will help to reduce latency. 
Uu multicast could benefit other scenarios beyond V2X also. For example, for IoT deployments firmware updates can be delivered with higher spectral efficiency Similarly, in case of an emergency occurring in a building, all devices in the building need be turned on/off together. Uu multicast can be used to achieve better efficiency and latency in such scenarios..
Observation 5: The benefits of Uu multicast are not limited only to V2X scenarios.
LTE V2X supports single-cell point-to-multipoint (SC-PTM) on the downlink. SC-PTM was introduced in Rel-13 as a spectrally more efficient and a lower latency alternative to MBSFN. With SC-PTM, multicast services are limited to a single cell so that the multicast area can be dynamically adjusted within each individual cell. Unlike MBSFN, the PDSCH carries SC-PTM transmissions using a Group-RNTI that is assigned to the target UEs. The latency of SC-PTM can be reduced using shorter SC-MCCH modification periods and shorter repetition periods [8]. NR features such as mini-slot transmission would also aid this enhancement. 
Observation 5: SC-PTM can be used as  the baseline for NR Uu multicast, and enhanced to achieve the reliability and mobility requirement for NR V2X.

The V2X TR 38.885 should capture observations relating to the benefits of Uu multicast, and in which WI any potential standardization is conducted would be decided later by RAN.
Proposal 1: Include the following observations in TR 38.885 regarding Uu multicast:
· For one multicast service, different information needs be delivered to different groups based on e.g. location and direction of UEs.
· Uu multicast provides benefits on system resource utilization and service latency.
· High reliability of NR Uu multicast service will help to reduce latency.
· The benefits of Uu multicast are not limited only to V2X scenarios.
· SC-PTM can be used as the baseline for NR Uu multicast, and enhanced to achieve the reliability and mobility requirement for NR V2X.
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:
· gNB sends SSB or CSI-RS
· UE measures SSB or CSI-RS and report RSRP/RSRQ to gNB
· gNB sends handover command to UE
Handover to another cell has impact on the proper operation of advanced V2X services. Thus, inter-cell mobility needs to be further considered. To improve mobility, 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 2: To reduce NR V2X mobility latency, UL mobility measurement should be considered. 
Multiple UL CG support for NR Uu
At RAN1#94bis, there was an agreement on multiple UL configured grant support.
Agreements:
· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. 
· Details FFS

To support multiple active CG configurations per BWP for a serving cell, the following points need to be addressed.
As one of the use cases is to simultaneously support different V2X services with different requirements on latency, reliability, packet size, and etc., when multiple configurations are configured in a BWP, each CG configuration needs to have its own set of higher layer parameters, including those defined in ConfiguredGrantConfig. 
In addition to the parameters defined in ConfiguredGrantConfig, to support multiple configurations per BWP, at least Configuration index need also to be provided for each configuration of both Type 1 and Type 2 configured grant.
· Configuration index
A configuration index is used for the identification of a resource configuration. A resource index can be used, e.g., by Type 1 with higher layer signaling or by Type 2 with L1 signaling to release the resource indicated by it. Note that the resource configuration in Type 1 includes a full set of necessary transmission parameters, while the resource configuration in Type 2 includes only part of the necessary transmission parameters, so the activation with the configuration index in Type 2 will need to include more transmission parameters (e.g., frequency resource allocation, etc.).
Proposal 3: To support multiple active configurations for both Type 1 and Type 2 configured grant:
· Each CG configuration is provided with its own set of higher layer parameters.
· In addition to the parameters defined in ConfiguredGrantConfig, at least a configuration index is included.
· A resource index can be used, e.g., by Type 1 with higher layer signaling or by Type 2 with L1 signaling to release the resource indicated by it.
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 cannot ensure 100% vehicles to obtain 99.999% reliability for uplink nor downlink from the following observations [5].
Observation 6: 90% UEs could be supported at the 99.999% reliability level for downlink for urban grid scenario. 
Observation 7: 23% UEs could be supported at the 99.999% reliability level for uplink for urban grid scenario.

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 the sTTI frame structure. For the remote driving evaluations, it was agreed at RAN1#94bis that the reliability requirement is 99.999%, the air interface latency is 3 ms, with the packet size is 5220 bytes for uplink (2.5 Mbps) and 2083 bytes (1Mbps) for the downlink. 
Comparing the requirements targeted for LTE HRLLC and for supporting remote driving, the differences include packet size and the latency. Even though the latency for remote driving is relaxed to 3 ms, the packet is much larger, especially for uplink, than that set for LTE HRLLC. Therefore, LTE Uu still needs enhancement on top of HRLLC features to meet the requirements of remote driving. 
Regarding the LTE Uu enhancements, there are two options in general that could be considered:
Lower/no specification impact option
The reason that not all UEs are able to deliver a large packet size in 3 ms with 99.999% reliability is that LTE is subject to the sTTI structure and HARQ-less operation which assumes no retransmission triggered in LTE HRLLC with the 1ms latency bound. 
However, the latency is now relaxed to 3ms for remote driving. Based on the n+4 sTTI HARQ-ACK feedback timing corresponding to the last PDSCH repetition,  eNB could schedule retransmission within the 3ms latency bound which would benefit for improving reception performance. It is noted that it is up to eNB to schedule retransmission or not. Hence, eNB scheduling retransmission within 3 ms latency bound does not involve specification changes. 
Uplink transmission of larger packet size to fulfill the requirement of the 3 ms latency and the 99.999% reliability is more challenging. The conservative option involves no, or minimal, LTE specification effort. 
Higher specification impact option
As analyzed above, sTTI structure itself decides the shortest latency that could be achieved in LTE. An aggressive option which needs significant LTE specification changes could be modifying the LTE frame structure as NR does in R15, e.g., increase the subcarrier spacing, or even considering the enhancement that are discussed in NR eURLLC. 
Option 1 is much simpler than option 2. Therefore, for LTE Uu enhancement to support remote driving, we propose the following:
Proposal 4: Consider minimal LTE Uu enhancement to support remote driving:
· Enable HARQ retransmission on top of HARQ-less operation.
· Increase the bandwidth or the number of carriers configured.

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.

Observation 1: For one multicast service, different information needs be delivered to different groups based on e.g. location and direction of UEs.
Observation 2: Uu multicast provides benefits on system resource utilization and service latency.
Observation 3: High reliability of NR Uu multicast service will help to reduce latency.
Observation 4: The benefits of Uu multicast are not limited only to V2X scenarios.
Observation 5: SC-PTM can be used as  the baseline for NR Uu multicast, and enhanced to achieve the reliability and mobility requirement for NR V2X.
Observation 6: 90% UEs could be supported at the 99.999% reliability level for downlink for urban grid scenario. 
Observation 7: 23% UEs could be supported at the 99.999% reliability level for uplink for urban grid scenario.

Proposal 1: Include the following observations in TR 38.885 regarding Uu multicast:
· For one multicast service, different information needs be delivered to different groups based on e.g. location and direction of UEs.
· Uu multicast provides benefits on system resource utilization and service latency.
· High reliability of NR Uu multicast service will help to reduce latency.
· The benefits of Uu multicast are not limited only to V2X scenarios.
· SC-PTM can be used as the baseline for NR Uu multicast, and enhanced to achieve the reliability and mobility requirement for NR V2X.
Proposal 2: To reduce NR V2X mobility latency, UL mobility measurement should be considered.
Proposal 3: To support multiple active configurations for both Type 1 and Type 2 configured grant:
· Each CG configuration is provided with its own set of higher layer parameters.
· In addition to the parameters defined in ConfiguredGrantConfig, at least a configuration index is included.
· A resource index can be used, e.g., by Type 1 with higher layer signaling or by Type 2 with L1 signaling to release the resource indicated by it.
Proposal 4: Consider minimal LTE Uu enhancement to support remote driving:
· Enable HARQ retransmission on top of HARQ-less operation.
· Increase the bandwidth or the number of carriers configured.
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Table 2: Simulation assumptions for Urban Grid
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa in TR 38.901

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 
Antenna tilt 102 degree
TXRU (1, 2, 2)

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5 dB

	UE antenna configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	UE receiver noise figure
	9 dB

	BS Tx power
	49 dBm

	UE Tx power
	23 dBm

	ISD
	500 m



[bookmark: _Ref521422060]Table 3: Simulation assumptions for Highway 
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	RMa in TR 38.901

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 
Antenna tilt 102 degree
TXRU (1, 2, 2)

	BS antenna height
	35m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5 dB

	UE antenna configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	UE receiver noise figure
	9 dB

	BS Tx power
	49 dBm

	UE Tx power
	23 dBm

	ISD
	1732 m
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