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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new study item on NR V2X was approved at RAN#80 and one objective is to study Uu enhancements for advanced V2X use cases [1]:
2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases
· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.
The SID includes the use cases which SA1 has identified [3], and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving.
· Vehicle platooning enables vehicles to dynamically form a platoon travelling together.
· Extended sensors enables the exchange of raw or processed data gathered through local sensors or live video images among vehicles, road side units, devices of pedestrian and V2X application servers.
· Advanced driving enables semi-automated or fully-automated driving.
· Remote driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive by themselves, or remote vehicles located in dangerous environments.
In this contribution, firstly we compared the performance  of Rel-15 NR Uu to what is needed for support of the NR V2X scenarios in [4] and [5], namely, vehicles platooning, advanced driving, extended sensors, and remote driving. We take a high level discussion and provide our general views for possible enhancements of NR Uu and LTE Uu that should be considered to support advanced V2X services. 

Discussion
Evaluations and enhancements for NR Uu
Evaluations for NR Uu
Based on evaluations and analysis of Rel-15 NR Uu techniques for supporting advanced V2X services [4], it is observed that Rel-15 NR Uu techniques could not ensure 100% vehicles to obtain 99.999% reliability for downlink nor uplink. 
It is found that for the Urban Macro deployment, when 10 vehicles are in remote driving per cell with 40 MHz DL bandwidth, about 60% vehicles could achieve the required 2 ms latency and 99.999% reliability. The coverage could be increased to about 80% of UEs if the reliability requirement is relaxed to 99.99%. However, for remote driving, we must guarantee all vehicles are in control to avoid any uncontrollable events. That is, the ratio of UEs should be 100% for practical operation. Meanwhile, the number of remotely driven vehicles could reach 30 per cell assuming a velocity of 60 km/h and an inter-car spacing of 2 seconds. Hence, the simulation results is far away from satisfying the final requirements of remote driving.
Then for the Highway deployment, about 80% vehicles could achieve the required 2 ms latency and 99.999% reliability in case of 10 vehicles per cell. The coverage could be increased to about 90% if the reliability is relaxed to 99.99%. Similarly, this is far away from the required 30 vehicles per cell and 100% reliability guarantee.
Observation 1: NR R15 Uu could support about 80% downlink coverage at 99.999% reliability in Highway deployments.
Observation 2: NR R15 Uu could support about 60% downlink coverage at 99.999% reliability in Urban Grid deployments.
It is found that for the Urban Macro deployment, about 55% vehicles could achieve the 2 ms latency and 99.999% reliability in case of 5 vehicles per cell, and the ratio could be increased to about 65% if the reliability requirement is relaxed to 99.99%. While for the Highway deployment, about 90% vehicles could achieve the 2 ms latency and 99.999% reliability in case of 5 vehicles per cell. Similar to the downlink transmission, the achieved performance requires enhancement to achieve the final requirements of remote driving. One notable observation is that for some cell edge UEs, the “five nines” reliability requirement is still not satisfied even if we allocate all the resources within the latency bound to one UE. That is, the SINR for these UEs is too poor to satisfy the reliability requirement. 
Observation 3: NR R15 Uu could support about 90% uplink coverage at 99.999% reliability in Highway deployments.
Observation 4: NR R15 Uu could support about 55% uplink coverage at 99.999% reliability in Urban Grid deployments.
Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
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, as applicable to the candidate RIT/SRIT.
In NR Release 15, the DL RRM measurement based on SSB and CSI-RS includes 3 steps. Therefore, the mobility interruption time should include the time for gNB to send DL RS to UE, the time for UE to measure the DL RS and report RSRP/RSRQ to gNB, and the time for gNB to send the handover command to UE. The total time would not be 0 ms [6].
Observation 5: DL RRM measurement needs to be improved to meet 0 ms interruption requirement.
Enhancements for NR Uu
NR V2X is envisioned as 3GPP V2X phase 3 and will support advanced V2X services beyond services supported in LTE Rel-15 V2X. The advanced V2X services would require enhanced NR system to meet the stringent requirements. NR V2X system is expected have a flexible design in support of services with low-latency and ultra-reliability requirements. NR system also expects to have higher system capacity and better coverage. In this section, following possible enhancements for advanced V2X use cases is introduced and discussed:
· Multicast enhancements
· URLLC enhancements
· Mobility enhancements
· Other uplink enhancements
Multicast enhancements
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, broadcast/multicast services are limited to a single cell so that the broadcast/multicast area can be dynamically adjusted within each individual cell. As opposed to MBSFN, PDSCH carries SC-PTM transmission using a group RNTI (G-RNTI) that is assigned to the target UEs. 
It is observed that in Rel. 14 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. Note that CSI report would probably be more applicable to SC-PTM due to its transmission on PDSCH. Also, 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 the support of mini-slot transmission for low volume data with possible K repetitions that should also be studied to reduce the latency.
Note 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 [2]. This means that, often, the information-sharing V-UEs within a group are spread in an area larger than the coverage of a single cell. This suggests that efforts should be made to support and enhance multicast for the latency requirement of NR V2X. 
At the network side, 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. Note that, unlike MBSFN, such a coordinated transmission is still carried by PDSCH. Moreover, as discussed before, to reduce latency, mini-slot transmission for SC-PTM and scheduling multiple groups of SC-PTM services in the same subframe should be supported. 
Proposal 1: To support V2X scenarios, NR Uu should support multicast via Group-RNTI and the scheduling multiple groups of multicast services in the same subframe
For the evaluation of the NR Uu multicast transmission, the urban scenario in TR 37.885 can be considered. For the UE drop and mobility modelling, Option A in Section 6.1.2 of TR 37.885 can be the baseline. The BS and UE-type RSU deployment and antenna model can follow the corresponding parts of TR 37.885. For the traffic model, FTP model 3 can be the baseline. The multicast group can be formed by the vehicle UEs in the intersection of the road grid, as shown in Figure 1. It can be seen that gNB will multicast information such as HD map to the UEs within the circle and the radius r can be configured with different values. 
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[bookmark: _Ref521488529]Figure 1. Evaluation scenario for NR Uu multicast transmission
Proposal 2: For the evaluation of NR Uu multicast transmission, the vehicle UEs at a road intersection area can be formed as a UE group. The packet size of FTP3 model could be 0.5Mbytes.

URLLC enhancements
In Release 15, mini-slot based aggregation/repetition is supported for grant-based/grant-free PUSCH transmission to achieve higher reliability, where one TB is repeatedly transmitted over consecutive slots but only one mini-slot is allowed per slot. This may potentially impact latency since there is a gap between two adjacent mini-slot repetitions. To further reduce the latency in Release 16, mini-slot repetitions within per slot should be supported for both grant-based and grant-free PUSCH transmission. A couple of issues on mini-slot repetition pattern need to be further studied.
Proposal 3: Mini-slot based repetition within a slot should be supported for both grant based PUSCH and grant-free PUSCH. The mini-slot repetition pattern can be studied.
In Release 15, UL grant can be used to schedule initial transmission or retransmission for a grant-free PUSCH. In addition, implicit HARQ-ACK indication is supported for grant-free PUSCH by introducing a timer, where ACK is assumed if the timer elapses and no UL grant is received. But it may need  large numbers of UL grants to switch grant-free transmission to grant based transmission in case large amount of UEs are served in the cell, e.g., in factory automation scenario. To save the overhead, a DCI including explicit HARQ-ACK but not including scheduling information can be introduced in Release 16 so that the UE can perform initial transmission or non-adaptive retransmission in a grant-free manner according to the explicit HARQ-ACK.
Proposal 4: Explicit HARQ-ACK feedback should be introduced in URLLC as an overhead saving method to allow UE to perform initial transmission or non-adaptive retransmission in a grant-free manner.
Due to the motivation of easy implementation and slight spec effort, there are two limitations imposed on the scheduling timeline as per current Release 15 specifications. One limitation is that the UE cannot receive a scheduled unicast PDSCH transmission with the same HARQ ID until the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ ID. The other limitation is for two HARQ IDs A and B, if the UL/DL grant scheduling HARQ ID A comes earlier than the UL/DL grant scheduling HARQ ID B, the UE is not expected to be scheduled with PUSCH/PDSCH for B to be earlier than that for A. 
To support more flexible scheduling timeline and better serve latency sensitive traffic, we suggest that the above two limitations on scheduling and HARQ feedback should be removed.
Proposal 5: The scheduling/HARQ scheduling limitation in Release 15 URLLC should be removed for Release 16.
Besides the processing time for scheduling/HARQ-ACK, the processing time for CSI feedback could also be enhanced to benefit URLLC transmissions. To enable fast CSI feedback and link adaption, it should be supported to trigger A-CSI transmission on short PUCCH. To avoid redundant DCI overhead on triggering A-CSI, it is beneficial to support triggering A-CSI with a DL DCI instead of UL DCI.
Proposal 6: A-CSI report on short PUCCH should be triggered by DL DCI. 

Mobility enhancements
In NR Release 15, the DL RRM measurement based on SSB and CSI-RS is defined as follows:
· 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 achieve the NR target for 0 ms mobility interruption time, which is defined in [6], UL RRM measurement (e.g. based on SRS) should be considered to reduce the handover delay as follows:
· UE sends UL RS (e.g. SRS) to gNB
· gNB measures UL RS and sends handover command to UE
Proposal 7: To reduce NR mobility latency, UL RRM measurement should be considered. 
Other uplink enhancements
With LTE dynamic scheduling, the UE sends a scheduling request (SR) to the serving eNB in a dedicated resource and waits to receive the subsequent scheduling grant (SG) from network before actual UL payload transmission. While dynamic scheduling is spectrally efficient for most traffic types, it also has some inherent SR-SG latency. To avoid the SR-SG latency, SPS scheme is adopted where a set of dedicated resources is reserved for UE uplink transmission. While SPS avoids SR-SG latency, it is mainly efficient for periodic and predictable traffic with a relatively fixed payload size. 

If the UL traffic is sporadic and unpredictable, using SPS to pre-allocate orthogonal resources per UE is spectrally inefficient especially for the case of large number of UEs configured with SPS. Furthermore, SPS may even fail to fulfill the latency requirement of the unpredictable traffic unless the periodicity of the dedicated resources per UE is very low which, itself, renders the whole system spectrally inefficient. Note that many NR V2X transmissions are aperiodic and unpredictable with a payload as small as 50 bytes [2]. For instance, information that UE needs to share with RSU at intersections or the UE intent to join or leave a platoon is sporadic, unpredictable and brief. It has been shown in Rel. 15 NR that probably the best means to carry such type of traffic is grant-free transmission service using which UEs perform contention-based transmission on a shared set physical resources. A salient feature of grant-free transmission is that it can be carried out by RRC-Idle/Inactive UEs. Note also that the saved time of skipping scheduling request and scheduling grant in grant-free transmission can be used towards more HARQ retransmissions and thus further enhance the reliability [7]. Therefore, we propose:
Proposal 8: NR V2X should support grant-free UL transmission for RRC-Idle/Inactive V-UEs.  

Current MIMO schemes in NR could support UL data rate that are not low. However, the requirement of data rate of remote driving should be 25 Mbps for UL transmission, and the reliability and the latency requirement is 99.999% and 5ms respectively. Therefore, the UL data rate of advanced services should be considered based on the requirements of reliability and latency.
Proposal 9: NR Uu UL data rate should be considered for V-UEs based on the reliability and latency requirements.  

To increase the reliability and reduce the collision occasions in contention-based grant-free communication, V-UE geo-location should be taken into account. For instance, network should be able to semi-statically re-configure the assigned grant-free resources to each V-UE so that the V-UEs within the same vicinity use orthogonal grant-free resources. 
Proposal 10: To increase the reliability and reducing the collision occasions in contention-based grant-free communication, V-UE geo-location should be taken into account.

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 6: 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 7: 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 11: Study the feasibility of reducing DCI size for HARQ-less transmission to support the advanced V2X service of remote driving.
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 12: Study the feasibility of disabling downlink HARQ-ACK feedback in order to support the advanced V2X service of remote driving.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]In this contribution, we provide a summary of evaluations whether NR Uu and LTE Uu can support advanced V2X services and the identified necessary enhancements to NR Uu and LTE Uu that could be considered to support advanced V2X services. 
Based on the discussions, following NR observations and proposals are given:
Observation 1: NR R15 Uu could support about 80% downlink coverage at 99.999% reliability in Highway deployments.
Observation 2: NR R15 Uu could support about 60% downlink coverage at 99.999% reliability in Urban Grid deployments.
Observation 3: NR R15 Uu could support about 90% uplink coverage at 99.999% reliability in Highway deployments.
Observation 4: NR R15 Uu could support about 55% uplink coverage at 99.999% reliability in Urban Grid deployments.
Observation 5: DL RRM measurement needs to be improved to meet 0 ms interruption requirement.

Proposal 1: To support V2X scenarios, NR Uu should support multicast via Group-RNTI and the scheduling multiple groups of multicast services in the same subframe
Proposal 2: For the evaluation of NR Uu multicast transmission, the vehicle UEs at a road intersection area can be formed as a UE group. The packet size of FTP3 model could be 0.5Mbytes.
Proposal 3: Mini-slot based repetition within a slot should be supported for both grant based PUSCH and grant-free PUSCH. The mini-slot repetition pattern can be studied.
Proposal 4: Explicit HARQ-ACK feedback should be introduced in URLLC as an overhead saving method to allow UE to perform initial transmission or non-adaptive retransmission in a grant-free manner.
Proposal 5: The scheduling/HARQ scheduling limitation in Release 15 URLCC should be removed for Release 16.
Proposal 6: A-CSI report on short PUCCH should be triggered by DL DCI. 
Proposal 7: To reduce NR mobility latency, UL RRM measurement should be considered. 
Proposal 8: NR V2X should support grant-free UL transmission for RRC-Idle/Inactive V-UEs.  
Proposal 9: NR Uu UL data rate should be considered for V-UEs based on the reliability and latency requirements.  
Proposal 10: To increase the reliability and reducing the collision occasions in contention-based grant-free communication, V-UE geo-location should be taken into account.

Based on the discussions, following LTE observations and proposals are given:
Observation 6: 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 7: 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.

Proposal 11: Study the feasibility of reducing DCI size for HARQ-less transmission to support the advanced V2X service of remote driving.
Proposal 12: Study the feasibility of disabling downlink HARQ-ACK feedback in order to support the advanced V2X service of remote driving.
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