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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#80, the NR Rel-16 V2X SID [1] was agreed. One of its objectives is as below:
	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.


This paper gives initial evaluation about latency for V2X services in Uu interface and proposes the potential enhancements.
Discussion
To support 5G V2X services, 25 use cases and their performance requirements are studied in TR 22.286[2]. Five use case groups are further defined, which include vehicles platooning, advanced driving, remote driving, extended sensor and general aspects (interworking, communication-related requirements valid for all V2X scenarios). Some use cases have extreme latency and reliability requirements, e.g. 3ms for end-to-end latency and 99.999% for reliability as following tables:
Table 7.2.3-1 Performance requirements for advanced driving
	Communication scenario
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max end-to-end latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Commu-nication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	
	

	5.20
	Between UEs supporting V2X application
Fully automated driving
	[CPR.A-006
	
	
	[3]
	[99.999]
	[30]
	[500]



Table 7.2.4-1 Performance requirements for extended sensors
	Communication scenario
	Payload (Bytes)
	Max end-to-end
latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.6
	Between UEs supporting V2X application
	Driver control
	[CPR.E-002]
	[1600]
	100
	99
	
	1000

	
	
	Fully automated driving
	[CPR.E-003]
	
	3
	99.999
	
	200

	
	
	
	[CPR.E-004]
	
	10
	99.99
	
	500

	
	
	
	[CPR.E-005]
	
	50
	99
	
	1000

	
	
	
	[CPR.E-006]
	
	
	
	1000
	50



If two UEs need to transmit the above V2X applications via Uu interface, the packet will be sent from UE A to gNB->UPF->Server->UPF->gNB and then to UE B.


The one trip delay will be as followings [4]:
· One trip delay:	(L-RRC) + L-UL + L-NW_uc +  (L-paging + L-RRC) + L-DL_uc  (1)
· Mandatory delay:    L-UL + L-NW_uc + L-DL_uc                                                           (2)
Among them, L-RRC is defined as the latency required for state transition from RRC_IDLE to RRC_CONNECTD and data bearer setup, which is not a mandatory delay component and can be omitted in the case of extreme delay requirement. L-UL is defined as the latency of UL transport between UE and gNB. L-NW_uc is defined as the latency of network processing in case of unicast transport for DL (delay of gNB->UPF->Server->UPF->gNB), which is assumed to 20ms in LTE. L-paging is defined as the latency required for reception of paging message, which is also not a mandatory delay component and can be omitted in the case extreme delay requirement. That is to say, MO UE and MT UE are all assumed to be in RRC_CONNECTD state.  L-DL_uc is defined as the latency of unicast DL transport between eNB and UE.
According to the evaluation result of NR user plane latency [5], DL user plane latency for NR TDD/FDD may reach about 1ms even less than 1ms in some cases. And UL user plane latency for NR FDD/TDD with grant free transmission may also reach about 1ms even less than 1ms in some cases. Hence according to the above formula 2, mandatory delay of V2X transmission via Uu interface is mainly decided by L-NW_uc. If V2X server can be closed to gNB and L-NW_uc (delay of gNB->UPF->Server->UPF->gNB) may be reduced to about 1ms level, the extreme latency requirement of 3ms will be achieved. But if L-NW_uc is far away from gNB, wired network delay can not be reduced easily. 3ms is hardly to be achieved regardless wireless transmission delay.
Observation1: The key point of achieving extreme delay requirement, e.g. 3ms, is mainly on wired network delay (gNB->V2X server->gNB) in the case of V2X application transmission via Uu interface. 
Observation2：From the perspective of reducing delay, RAN2 has no obvious enhanced requirement for Uu V2X transmission.
From the perspective of increasing resource efficiency, MBMS and SC-PTM are potential directions, which are group-cast/broadcast transmission. But in LTE, deployment of MBMS is not very clear or popular. Few companies want to continue to introduce MBMS in NR. Compared to MBMS, SC-PTM has smaller impacts on Uu interface. SA2 has some study on group-cast/broadcast transmission for V2X services. For RAN2, it needs detailed impacts and benefits evaluation before introduction of group-cast/broadcast transmission for V2X. Furthermore, group-cast/broadcast transmission is a big feature and can be merged into other NR enhancement item. V2X SI/WI has no enough time to complete this feature. 
Proposal1: It needs detailed evaluation about impacts and benefits before introduction of group-cast/broadcast transmission in V2X Uu. 
For Uu potential enhancement, other aspects can include:
· Mobility enhancement
The purpose of mobility enhancement is to achieve 0ms handover interruption time and increasing handover robust. These aims are also applied for V2X services. There are two separate WIs for mobility enhancement in eLTE and in NR respectively. V2X can use their progress. But for V2X, there may be some specially scenarios and requirements, which needs to be studied in V2X item.
· Duplication transmission
In NR, PDCP duplication transmission is one of key solutions to support ultra-reliability low latency services. In LTE V2X, duplication transmission has been introduced. But NR PDCP has some differences from LTE PDCP. It needs study on how to support duplication function in NR V2X.
· QoS framework
In NR, new QoS framework has been introduced, e.g. 5QI and QoS flow level mapping and management. It needs for further study how to combine NR QoS framework and V2X services.
Proposal2: RAN2 to agree that mobility enhancement, duplication transmission and QoS framework may be potential further study points for V2X.
Conclusion
According to the analysis in the above sections, we have following observations and proposals:
Observation1: The key point of achieving extreme delay requirement, e.g. 3ms, is mainly on wired network delay (gNB->V2X server->gNB) in the case of V2X application transmission via Uu interface. 
Observation2：From the perspective of reducing delay, RAN2 has no obvious enhanced requirement for Uu V2X transmission.
Proposal1: It needs detailed evaluation about impacts and benefits before introduction of group-cast/broadcast transmission in V2X Uu. 
Proposal2: RAN2 to agree that mobility enhancement, duplication transmission and QoS framework may be potential further study points for V2X.
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