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Introduction
In RAN#68 a new SI was approved on LTE-Based V2X Services [1], one of the SI objectives is as follows:
2) For support of PC5 transport for V2V services (to be completed by RAN#70 – December 2015), at least including:
a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]
b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]

In this contribution we focus on aspects related to limitations on existing PC5 to support V2V services, and we discuss potential enhancements where appropriate. Considerations on support of V2V over Uu or on support to other V2X services are not included in this contribution. 

Usage of PC5 for V2V communication
It is natural to assume that physical layer interface to support V2V services in LTE is to be based on PC5 interface defined for Device-to-Device communications and discovery in Rel-12 which is subject of enhancements in Rel-13. In fact, in [2] it is indicated that the baseline scheme for evaluation of PC5-based V2V is to use D2D communications using Mode 2 resource allocation, i.e. autonomous selection of resource by the UEs. However, given the inherent periodicity of the V2V traffic from CAM messages in ITS applications, it is also tempting to consider whether D2D discovery framework could be reused for the sake of supporting V2V services. In the following we analyze aspects related to D2D communications and D2D discovery framework in the context of V2V services.

Another aspect to consider is that in LTE ProSe it is assumed that the PC5-C design is based on Public Safety (PS) requirements and on assumptions of how such a PS system would be operated, and it is relevant to consider which of those assumptions, if any, are still valid in the context of V2V communications.
Broadcast communications
In current D2D specifications it is assumed that all communications are broadcast/groupcast in physical layer, meaning that the transmitter does not have any closed-loop control with the receivers in its surroundings, and it may not even be aware if such receivers are present or not. To a large extent, same principle applies to D2D discovery as well (at least Mode A discovery), which is also broadcast in nature. It is clear that such principle of broadcast transmissions in physical layer could be maintained for PC5-V2V, in particular in the context of road safety applications, since the information is relevant to all vehicles in the surroundings. Moreover, any UE should be able to receive such messages, independently of any prior device discovery procedures or information exchange related to connection establishment. 
Communication groups
PC5-C is based on the concept of destination groups, and each transmission is addressed to one particular group. This information can be used in physical layer to filter relevant incoming messages, e.g. to provide power saving opportunities to the devices. However, it is questionable to which extent such approach is valid for PC5-V2V, as the meaning of groups is not clear in this case. In principle one could differentiate between messages intended to vehicles and pedestrians, for example, but it is not clear if this is possible, as it depends on the services to be supported. Hence, it is not clear if in physical layer one can rely on the filtering of messages based on physical layer IDs as a mechanism for power saving. This is particularly relevant to V2P communications, as pedestrians are certainly expected to carry battery-powered devices.  

Number of simultaneous Sidelink processes
In PC5-C it is assumed that there are a few users transmitting at a certain Sidelink control period, which is consistent with the assumptions of disciplined usage of PTT service by PS users. This assumption is reflected in the fact that the number of simultaneous Sidelink processes that a UE is expected to support is limited to 16, which is hardly enough for PC5-V2V. Such assumptions are not present in PC5-D, which supports a much wider number of simultaneous processes, though with strict limitation on packet sizes. 

Technical components 
In this section we go through some technical components of PC5-C and PC5-D and analyse their applicability to PC5-V2V. 
Latency 
In PC5, latency is essentially defined by the periodicity of Sidelink control periods (for PC5-C) and discovery periods (for PC5-D), at least in case of UE autonomous operation (Mode 2), where there is no scheduling of D2D transmissions, and it is up to UE implementation in which Sidelink control periods it will transmit the data packets. The smallest periodicity for PC5-C is 40ms, which is suitable for the maximum latency for the prioritized V2V services in SA1, i.e. 100ms. For PC5-D the minimum latency is 320ms for general discovery messages, though in Rel-13 this has been shortened to 40ms for UE-to-NW relay discovery. Hence, in principle the existing periodicities for PC5-C (and PC5-D, assuming the relay exception agreed by RAN1 in Rel-13 could be applied to PC5-V2V as well) are suitable for V2V services. In case the V2V application at the UE generates more than one message before a transmission opportunity of the UE, it is not clear if the latency of the PC5 interface is sufficient to fulfil the 100ms latency requirement for all such packets. This might depend on MAC layer functionalities and dimensioning of resource pools, and hence further studies are needed. 

Half-duplex operation
One of the notable limitations on using PC5 for V2V communications is the half-duplex operation, which essentially means that a UE that is transmitting on a certain TTI cannot listen to other transmissions on the same TTI. In PC5-C the main approach to mitigate such limitation is to rely on the T-RPTs to randomize the TTIs that are used for transmission by different UEs, and with that avoid systematic collisions on the resources used by different transmitters. In any case this only allows for opportunistic resolution of half-duplex constraint, because the only UEs who benefit from this are those that have relatively good channel condition towards the other transmitters and hence are able to receive the data with number of few packet repetitions.

For PC5-D there is no mechanism to resolve half-duplex constraint within the discovery period, as all packet repetitions are made in consecutive subframes (among those subframes that are part of the corresponding pool). The half-duplex constraint is assumed to be resolved in different discovery periods, given that the content of the discovery messages in different periods is assumed to be similar if not the same. However, this cannot be assumed for PC5-V2V, as the content of messages is changing over time, e.g. due to changes in vehicle’s position or state. The reduced periodicity for relay discovery agreed by RAN1 in Rel-13 [2] could alleviate this problem to some extent, however only a maximum of two discovery periods could fit within 100ms, which might not be enough to fully resolve the half-duplex issue.

In principle one could take into account here the fact that SA1 is defining the concept of cumulative reliability of the message reception, however it is not clear if it is enough to design the physical layer to satisfy only the cumulative reception reliability requirement. In case the design of PC5-V2V is such that cumulative reception reliability is targeted instead of packet reception reliability, then the evaluation metrics defined in RAN1#82 would need to be updated to capture such metric as well.

Resilience to high Doppler spread
As it was pointed out in several documents in RAN1 #82 meeting, the high carrier frequency (6 GHz) and the need to support high relative speeds (280km/h according to SA1 requirements) lead to channel coherence times that, in the worst case, are far too short for PC5-C or –D reference signal configuration. There are multiple ways to enhance Doppler tolerance. Apparently the simplest way is to increase the number of SC-FDMA symbols carrying reference signals, maintaining the symbol lengths as they presently are. If this is seen to lead to too high reference signal overhead, other options may be considered as well. A more extreme alternative to consider is OFDMA which is known to provide low reference signal overhead and flexibly tunable Doppler tolerance, but loses these benefits at least partly due to high PAPR/CM and would mean new TX side processing for UEs. System level simulations, like in [3], are needed for evaluating the alternatives and the performance should be weighed against implementation and specification complexity.
Flexibility on packet sizes
Given the large variation of packet sizes for V2X services, designing the physical layer interface to support fixed packet sizes would either lead to significant overprovisioning of the resources or else it requires segmentation of the packets to fit into the physical layer containers. The former implies inefficient utilization of air interface, while the latter implies reduced packet reception reliability and increased latency, since several physical layer packets would need to be received in order to receive the data. Hence, the physical layer of PC5-V2V needs to support transmission of variable packet sizes, which is already supported by the PC5-C framework based on PSCCH+PSSCH, but which is not supported by PC5-D interface.

Collision avoidance/management
In Mode 1 of PC5-C the eNB can manage the resource allocations in a cell in order to avoid collisions in air interface, at least among UEs coordinated by the same eNB. However, there is no standardized mechanism defined for collision avoidance/management for Mode 2 operation, even though implementation-specific mechanisms are possible based on a UE listening to other PSCCH transmissions and determining which ones are assigning resources that overlap partially or entirely with its own assignments. With such implementation, additional latency may be expected due to the steps before transmission on PSSCH.		
Similarly to mode Mode 1 of PC5-C, in Type 2B of PC5-D eNB can manage resource allocations in a cell. However,  Type 1 of PC5-D does not allow even implementation-specific mechanisms for collision avoidance. 
In general, it should be analysed if the fully autonomous operation of PC5 is sufficient to support the requirements and traffic demands for V2V services, especially considering that the assumption of disciplined transmissions by only a handful of UEs at a time is no longer applicable here, as discussed in the previous section. Naturally, enhancements targeting overhead reduction are to be considered in order to minimize the air interface collisions as well. However, it is important to study the consequences of multiplexing control and data in frequency domain from the point of view of collision management as well, as this significantly limits the possible enhancements to PC5 interface to allow UEs to become aware of upcoming transmissions and adopt procedure to avoid collisions, if deemed necessary by the studies.

Summary and potential enhancements
The main limitations on PC5 operation regarding support to V2V operation are listed in Table 1 below, together with an indication of which type of enhancements would be needed. 




Table 1: Summary of ProSe features and how they apply to PC5-V2V
	
	D2D Communications
	D2D Discovery
	Observations

	Broadcast communications
	Yes
	Yes
	It is sufficient for road safety applications. FFS if non-road safety applications would require further enhancements.

	Communication groups
	Yes, can be used for power saving opportunities at the UEs
	NA
	The concept of groups might not be applicable for most applications.

	Number of simultaneous SL processes
	Up to 16
	Up to 400 
	A large number of simultaneous SL processes need to be supported

	Half-duplex resolution
	Within transmission period
	Between transmission periods
	Half-duplex resolution must happen within the specified latency (e.g. 100ms)

	Latency
	≥40ms
	≥320ms or ≥40ms (relays)
	Latency must be kept below 100ms for V2V

	Doppler spread
	Based on PUSCH design, performance degradations at high UE speeds
	Based on PUSCH design, performance degradations at high UE speeds
	Enhancements needed, e.g. higher density of DM-RS symbols in time domain. System-level performance evaluations needed in addition to link-level evaluations.

	Packet size
	Fully flexible
	Fixed
	Flexible packet sizes should be supported

	Collision avoidance
	eNB implementation in Mode 1, opportunistic collision avoidance by UE implementation in Mode 2
	eNB implementation in Type 2B
	FFS whether such mechanism needs to be defined for PC5-V2V



Proposal: RAN1 to further study enhancements to PC5 interface to support V2V services taking into account the issues and observations in Table 1.
Conclusions 
In this contribution we have discussed aspects related to limitations on existing PC5 to support V2V services, and we discuss potential enhancements where appropriate. The main observations are captured in Table 1, and we make the following proposal:
Proposal: RAN1 to further study enhancements to PC5 interface to support V2V services taking into account the issues and observations in Table 1.
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