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Introduction
The feasibility study for LTE-based V2X services in its first phase prioritizes PC5 enhancements to meet the V2X service requirements,
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]
In this contribution, we share our views regarding several radio design enhancements to be considered for LTE-based V2X. In particular, we discuss improvements to resource allocation/selection mechanisms for V2X in order to improve upon access and data transfer delays achievable with R12 D2D Communication Mode 2.
Discussion
Resource allocation and selection for V2X over PC5 is significantly more demanding in terms of meeting access and data transfer delay requirements than what voice-centric design with R12 D2D can currently deliver.
It is important to note that typical V2X data exchanges will comprise a mix of both periodic and event-triggered service data. Typical payload sizes will vary in the order of several tens to several hundreds of bytes even for the periodically transmitted situational-awareness messages transmitted by a single device. It can also be expected that traffic loads will vary widely due to quickly changing connectivity topology in presence of moving devices at high mobility.
Clearly, R12 D2D Communication provides a starting point for V2X design in R13 and R14. However, we see several changes will be needed to accommodate the significantly more stringent delay V2X requirements.
The fundamental principle of R12 D2D Communication is that D2D UEs get allocated (Mode 1) or select by themselves (Mode 2) radio resources for the duration of an entire scheduling period (SP). The SP may be configured in the range of 40ms to 320ms. A single periodicity for a pool is configurable per carrier. As a result, any UE that has data in its buffer has to wait for the next occurring start of a SP in order to begin its transmission (Figure 1).



Figure 1: PC5 access delays when using R12 D2D scheduling periods
The PC5 access delay is therefore directly proportional to the configurable SP durations. Access delays of the order of 100 ms are acceptable as far as PS voice requirements are concerned, but are clearly not acceptable with respect to some of the V2X requirements. Indeed, the most strict latency requirement for V2X is 20 ms for the case of Pre-Crash Warning; most other requirements are in the range of 100 ms or more [2].
The total latency associated with a given transmission consists of the sum of the wait time (TW) and the required time to carry out all transmissions.
In the worst case, when TW = TSP and when all transmissions in the scheduling period are needed for the data to be received (assuming that all transmissions are completed during one scheduling period), the total latency becomes Ttot = 2TSP. Thus to achieve the 20ms latency requirement, a maximum scheduling period of 10 ms would need to be configured. Note that the existing minimum scheduling period of 40 ms would allow meeting most of the latency requirements in [2] (<100ms).
One solution to meet the stringent access latency requirement of V2X when using the R12 D2D scheduling period concept is thus to introduce additional, i.e. nominally shorter scheduling periods such as 10 ms.
However, such an approach has shortcomings. At most 10 subframes are available per 10 ms interval, a number of which must be occupied by SA for that pool. The SA overhead when compared to the available number of V2X data subframes in such short SPs would become a concern. The remaining few subframes for V2X data would suffer from a very limited number of total transmission opportunities limiting the achievable link budget. Even if support for a variable number of HARQ re-transmissions is introduced for a SP, the lack of time diversity for such short transmission periodicities would compromise performance. In addition, in the event that another V2X UE would select the same SP for its transmission, the increased probability of interference within the SP would further degrade performance for both transmissions. 

Staggering of V2X resource pools in time
One approach to avoid the shortcomings when trying to use shorter scheduling periods re-using the R12 D2D principles is to consider a staggering of SA/Data resource pools in time such that a UE does not have to wait for a long period of time before initiating transmission of the V2X data payload (Figure 2).
Multiple SA/Data resource pools with SP durations similar to R12 D2D are configured. However, the V2X resource pools will be configured with starting time offsets staggered sequentially in time such that the average access delay for random data arrival is reduced.
The UE selects the next available SA/Data resource pool available based on the time offset (Figure 2). Here, ∆T denotes the starting time-offset between different resource pools. Note that the maximum time a UE must wait before initiating its V2X data transmission also depends on the SP duration and the number of resource pools N, i.e. ∆T= TSP/N. For example, configuring 10 V2X resources pools with TSP = 40 ms each reduces the average latency before the start of a scheduling period from 20 ms (R12 D2D) to 2 ms (for V2X).
One important benefit of this approach is that the scheduling period can be much longer for the same latency requirement. It can be observed that the maximum time a UE waits before initiating data transmission (∆T) depends on the scheduling period and the number of resource pools (N) that are staggered in time. It can be seen that ∆T= TSP / N, and that the maximum latency becomes Ttot =∆T+ TSP = TSP (1+1/N).
Thus by proper dimensioning of the number of resource pools and scheduling periods, it becomes possible to offer longer transmission budget yet meeting the same maximum latency requirement. For example with TSP=18ms, N=2, and ∆T=2ms, the total latency is still 20 ms, but the transmissions can be spread over a period of 18 ms instead of 10 ms.



Figure 2: Staggering of V2X SA/Data resource pools in time to reduce access latency
We finally note here that a reduction in average access delays for V2X can be achieved even when the existing R12 D2D transmission principle with SAs announcing the data T-RPTs for a Scheduling Period is re-used for V2X (Figure 3).



[bookmark: _Ref430784476]Figure 3: Staggering of V2X SA/Data resource pools with SA and T-RPT for Data

Random resource pool selection for V2X
V2X event-triggered messages when exchanged over PC5 may be expected to result in a large number of simultaneous transmissions attempts. It is very desirable to spread these signaling messages in time to increase the probability of successful delivery.
V2X resource allocation and selection should be designed such that a random resource pool for transmission out of the available next Nc candidate pools is used by a given device (Figure 4).
The UE at random selects a single SA/Data resource pool out of a small set of next Nc available resource pools.



Figure 4: V2X SA/Data resource pools with random resource selection
This allows some spreading of the transmissions in time, but more importantly, it allows a spreading of the transmissions into more than one resource pool. Such an approach will inherently lend itself to achieving access control with priority-based access, at least in the statistical sense. V2X messages which require low latency can be transmitted without delay into the next beginning V2X resource pool, while lower priority signaling messages can be transmitted by choosing randomly one resource pool in a window of the next upcoming Nc available resource pools.


Conclusion
In this contribution, we share our views regarding several radio design enhancements to be considered for LTE-based V2X. In particular, we discuss improvements to resource allocation/selection mechanisms for V2X in order to improve upon access and data transfer delays achievable with R12 D2D Communication Mode 2.
In summary, we propose,
Proposal 1:
Multiple resource pools are used for delivery of V2X services with PC5.
Proposal 2:
The multiple V2X resource pools can be configured sequentially in time to reduce V2X access delays.
Proposal 3:
V2X resource pools when operating in D2D Mode 2 are randomly selected within a configurable time window.
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