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Discussion
1 Introduction
In RAN#68, the study item about LTE-based V2X was approved [1] and simulation assumptions have been discussed in RAN1#82.  In this paper, we analyze the requirement and potential Issues related to latency according to the latest version of SA1 TR [2].
In SA1 TR, the use cases and requirements have been discussed and so far the completion rate of this TR is 75%.  In TR 22.885, there have been 24 use cases defined.  By analyzing the SA1 TR, we think that among different requirements including latency, message size, frequency, reliability, security and mobility, latency is one of most important requirements and there are difference requirements on latency for different use cases.  For both V2I/N and V2V use cases, latency is common and essential parameter.  Therefore, in this contribution, we focus on latency requirements in various V2X use cases and discuss the potential Issues for RAN2 to solve regarding to latency reduction/control.
2 Analysis of Requirements for V2X Latency
As shown in Table 1 and Table 2, the requirements of safety and non-safety related use cases are listed for safety and non-safety related use cases respectively.
Table 1 Safety Related Use Cases and Requirements
	Use Cases
	Description
	Communication

Types
	Frequency (Hz)
	Latency (ms)
	Message Size (Bytes)

	Forward Collision Warning (FCW)
	To warn the drivers to avoid rear-end vehicle collisions in the forward path of travel.
	V2V, periodically broadcast
	10
	100
	50-300, up to 1200

	Control Loss Warning(CLW)
	To broadcast a self-generated control loss event to the surrounding vehicles
	V2V, event driving periodically broadcast
	10
	100
	50-300, up to 1200

	Emergency Vehicle Warning
	Emergency vehicle warning the surrounding vehicles to enable ambulance path to get free
	V2V, periodically broadcast
	10
	100
	50-300

	V2V&V2I Emergency Stop (ES)
	In case of emergency stop, to trigger safer behavior for other cars in proximity
	V2V&V2I, event driving periodically broadcast
	10
	100
	400, up to 1200

	Pre-crash Sensing Warning
	To provide warnings to vehicles in imminent and unavoidable collision
	V2V, event driving periodically broadcast
	N/A
	20
	50-300

	Cooperative Adaptive Cruise Control
	A vehicle with V2V capability joins and leaves a group of corporative-adaptive-cruise-control (CACC) vehicles
	V2V, periodically broadcast
	1
	1000
	N/A

	Vulnerable Road User (VRU) Safety
	Detect each other’s presence and alert the driver and/or the pedestrian, if imminent threat is present
	V2V&V2P,  event driving periodically or periodically broadcast
	1
	100
	50-300, up to 1200

	Road Safety Services
	V2I messages are delivered from one UE to other UEs via an eNB which may be installed on the road side


	V2I, event driving periodically or periodically broadcast
	10
	100
	Up to 1200

	V2X Road safety service via infrastructure
	RSUs and traffic safety servers generate and distribute traffic safety-related messages for road safety
	V2I, V2N
	N/A
	500
	N/A


Table 2 Non-Safety Related Use Cases and Requirements

	Use Cases
	Description
	Communication

Types
	Frequency (Hz)
	Latency (ms)
	Message Size (Bytes)

	Queue Warning (QW)
	Queue determination and queue information dissemination
	V2V,V2I
	N/A
	100
	50-400, 1200

	Curve Speed Warning
	RSU alerts the driver to manage the curve at an appropriate speed
	V2I, periodically broadcast
	1
	1000
	50-400

	V2N Traffic Flow Optimization(TFO)
	Enable a centralized ITS server to optimize traffic flow when vehicles approaching traffic lights
	V2I/N, periodically broadcast
	1/10
	1000
	50-300

	Automated Parking System (APS)
	RSU provides real-time information to vehicles on availability of parking spots
	V2I, periodically broadcast
	N/A
	100
	50-400


From the tables above, it can be observed that for typical V2I/N use cases and some V2V use cases, the requirement on latency is 100ms or 1000ms which may not be quite challenging.  In our view, as the V2I/N services will be supported by radio access network and core network, this end-to-end latency is dependent on both RAN and CN.  For example, if the end-to-end delay for V2I/N services are 100ms and the Uu transport option is adopted to support V2I/N services which may occupy 10 ~ 20 ms in either uplink or downlink, thus the major latency may be consumed by the CN side.  Thus, we have the following observations as follows:
Observation 1: For V2I/N services, if Uu transport option is adopted, the major part of latency control may be contributed by the EPC.
Thus, if RAN2 decided to evaluate if Uu or PC5 can meet the latency requirements for V2I/N services, we think RAN2 should collaborate with SA to clarify the latency budget in CN and RAN.
Proposal 1: RAN2 to collaborate with SA when possible to discuss the delay budget in CN and RAN to facilitate the potential work to evaluate if Uu or PC5 can meet the delay requirements for V2I/N services.
For V2V Pre-crash Sensing Warning use case, the latency requirement is 20 ms which may be quite challenging.  We think that this use case might be crucial to study the PC5 and Uu transport options for V2V services.  For PC5 option, the expected delay in scheduled mode and UE-selected mode for ProSe discovery and ProSe communication may be quite different.
Proposal 2: The latency requirement for Pre-crash Sensing Warning, i.e. 20 ms, should be considered for evaluation of both Uu and PC5 transport options for V2V service.
3 Initial analysis on Potential RAN2 Issues for Latency in V2V
According to the SID[1], both PC5 option and Uu option are within the scope for V2V.  As analyzed above, we think it is crucial to evaluate if both two options can meet the requirement of 20ms as maximum latency for V2V communication.
For Uu transport option, we think RAN2 should firstly analyze if Uu interface can meet the 20ms requirements in ideal case.  Here, the ideal case means that we only calculate the U-plane latency in the air interface.  Uu transport option means one uplink plus one downlink plus other delays such as frame alignment and eNB scheduling delay.  For UEs which need random access before sending the uplink data, uplink random access delay should also be considered.  Taking Release 12 Uu interface as starting point [3], we observe that for FDD mode, if we only consider the transmission delay in air interface, the U-plane latency in the air interface can be around 10ms and even close to 20ms depending on HARQ error rate.  However, if there are eNB scheduling delay or other delay such as random access, then the 20ms requirement may be violated.  For TDD mode, the latency may be even longer depending on the TDD UL/DL configuration [3].
For PC5 transport option, one open issue is whether the V2X messages are transmitted via ProSe discovery messages or delivered as ProSe communication data.  Also, for both ProSe discovery and ProSe communication, there can be different resource allocation modes including scheduled mode and UE-selected mode.  For these different modes, the latency may be different.  Basically, we think that 20ms delay requirement should be a crucial point to evaluate PC5 interface for V2V and this may be a big challenge especially for resource allocation in UE-selected mode.  For example, if the transmission is not performed in one discovery period or SC period due to some reasons, the transmission delay would be increased by one period. Thus we have the following observation:

Observation 2: 20ms is a challenge for both Uu and PC5 transport options.  For Uu transport options, in both FDD and TDD modes, the eNB scheduling delay and other delays should be optimally controlled in order to meet the delay requirement of 20ms.  For PC5 transport option, it is a challenge for UE-selected mode no matter ProSe discovery or ProSe communication protocols are adopted for V2V transmission.
Regarding to whether the V2X message via ProSe discovery messages or delivered as ProSe communication data, we think this can be flexibly configured according to the latency and other requirements such as message size and volume, etc.  Basically, we think that ProSe discovery or ProSe communication protocols with different resource allocation modes can be regarded as transport approaches in the following Table 3.  However, it is noted that which transport approach to choose doesn’t only depend on latency requirement.  Message size, frequency and other aspects should also be considered.
Table 3 PC5 Transport Approaches of V2V Services

	Transport Approach
	ProSe discovery or communication?
	Scheduled mode or UE-selected mode

	#1
	Discovery
	Scheduled mode

	#2
	Discovery
	UE-selected mode

	#3
	Communication
	Scheduled mode

	#4
	Communication
	UE-selected mode

	…
	
	


Proposal 3: For PC5 transport of V2V services, RAN2 should discuss how to determine the transport approaches consider if discovery or communication and also which resource allocation modes should be adopted.

Considering the evaluation of PC5 v.s. Uu transport for V2V services, we think that both two options should take Rel-12 as starting point.  For example, for PC5 transport option, we consider Rel-12 features in scheduled mode and UE-selected mode and evaluate if there is gap for Rel-12 and which enhancements are needed.  RAN1 discussions will be utilized by RAN2 as well.
4 Conclusion

In this paper, we analyze the requirements on latency for some related use cases in SA1 TR 22.885[2].  Based on this, we discuss the potential issues for latency control from RAN perspectives.  Then, we propose the way forward for RAN2 to evaluate the PC5 and Uu options to support V2V.  We have the following proposals:

Proposal 1: RAN2 to collaborate with SA when possible to discuss the delay budget in CN and RAN to facilitate the potential work to evaluate if Uu or PC5 can meet the delay requirements for V2I/N services.
Proposal 2: The latency requirement for Pre-crash Sensing Warning, i.e. 20 ms, should be considered for evaluation for both Uu and PC5 transport options for V2V service.

Proposal 3: For PC5 transport of V2V services, RAN2 should discuss how to determine the transport approaches consider if discovery or communication and also which resource allocation modes should be adopted.
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