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1 Introduction
At RAN#80 meeting, the study item on NR V2X was approved [1]. Study of NR Uu enhancements is one of the study item objectives:
	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.


In this contribution, we provide initial analyses on the potential enhancements for NR Uu to support advanced V2X use cases from capacity perspective. 
2 Discussion
In our RAN1’s contribution [2], it was shown via system-level simulation that at most 5 vehicles applying remote driving could be supported within a Rel-15 NR cell, but notable performance gap can be seen when 10 vehicles per cell assumed (see the Annex). Such a capability is definitely unacceptable, considering that high-density vehicles on the road can be inherently a very typical case that has to be supported for V2X communication. 
To this end, we may consider to support the broadcast/multicast mechanism in NR Uu for the capacity enhancement. 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. Therefore, we propose NR Uu to support also multicast mechanisms, e.g. SC-PTM in order to support the typically high-density services for V2X communication. 

Proposal 1: To support high-density V2X scenarios, NR Uu should support multicast mechanisms (e.g. SC-PTM).
One simple way to support broadcast/multicast over Uu for NR V2X may be to enable the 5GC to reuse the LTE MBMS related functionalities and configure related parameters (e.g. those MCCH related BCCH configurations like Repetition Period, Modification Period, etc. ) to a ng-eNB, so that the ng-eNB can support the broadcast/multicast for each UE under its coverage in the similar way as in LTE. On the other hand, if broadcast/multicast mechanism is not supported in NR V2X in Uu, it looks like some regress compared with Rel-14 LTE V2X Uu from the capacity perspective. Therefore, RAN2 is suggested to agree the support of broadcast/multicast over Uu via the architecture of ng-eNB connected with 5GC for NR V2X. 
Proposal 2: RAN2 to agree the support of Uu broadcast/multicast via the architecture of ng-eNB connected with 5GC for NR V2X.
3 Conclusion
This contribution considered the capacity aspect on Uu enhancements for NR V2X. The proposals are as follows:

Proposal 1: To support high-density V2X scenarios, NR Uu should support multicast mechanisms (e.g. SC-PTM).

Proposal 2: RAN2 to agree the support of Uu broadcast/multicast via the architecture of ng-eNB connected with 5GC for NR V2X.
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5 Annex

5.1 Simulation for Downlink Transmission [2]
The simulation results are shown in Table 1. It is found that for the Urban Macro deployment, when 10 vehicles are in remote driving per cell with 40 MHz DL bandwidth, 58.3% vehicles could achieve the required 2 ms latency and 99.999% reliability. The value could be enlarged to 78% if the reliability requirements is relaxed to 99.99%. However, for remote driving, 100% vehicle coverage is indispensable, and 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 latency of 2 seconds. Hence, the simulation results is far away from satisfying the final requirements of remote driving.
Then for the Highway deployment, about 82.5% vehicles could achieve the required 2 ms latency and 99.999% reliability in case of 10 vehicles per cell. The value could be enlarged to 92% if the reliability requirements is relaxed to 99.99%. Similarly, this is far away from the required 30 vehicles per cell and 100% reliability guarantee. Compared with the Urban Macro deployment, the value of UE ratio is much larger since the interference level is greatly reduced. Specifically, the inter-cell interference comes from all adjacent cells around the target cell, while in the Highway deployment, the inter-cell interference only could come from the adjacent cells along the road. This observation could be verified from the geometry distribution below. The figure shows that he geometry obtained in the Highway deployment is much better than the geometry obtained in the Urban Macro deployment.
Observation 1: For 40 MHz bandwidth and 10 vehicles per cell, about 58% and 82% vehicles could achieve the required 2 ms latency and 99.999% reliability in Urban Macro and Highway deployments respectively, far away from supporting 100% vehicle coverage and 30 vehicles per cell.

Table 1 The ratio of vehicles satisfying the required 2 ms latency and X reliability in case of 10 vehicles per cell and 4Tx4R in the downlink transmission, while Y = 1-X

	
	Y=1e-5
	Y=1e-4
	Y=1e-3

	Urban Macro
	58.3%
	78.3%
	91.7%

	Highway
	82.5%
	92.5%
	100%
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Figure 1 Geometry distribution for the Urban Macro and Highway deployments
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