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1. Introduction
“FS_LTE_V2X (Feasibility Study on LTE-based V2X Services)” was approved in RAN #68 and RAN1 has been actively discussing V2V evaluation methodology and potential enhancements based on Rel-13 D2D.  During the discussion on resource allocation enhancement, semi-persistent scheduling was proposed as a potential candidate for V2V transport. So, this paper tries to clarify the semi-persistent allocation which will be introduced for PC5-based V2V resource allocation.
2. Discussions
Resource allocation principle was discussed in the off-line discussion and captured at the last RAN1 meeting. Among the resource allocation schemes, semi-persistent allocation is one of the strong candidates for potential enhancement. So, we are going to clarify the semi-persistent allocation scheme to progress the discussion. 
2.1 V2V traffic characteristics
During the previous RAN1 meetings, many companies proposed the introduction of semi-persistent resource allocation scheme though detailed mechanisms are different ([1] ~ [5]). The main reason for suggesting the scheme would be related to V2V traffic characteristics. In addition, as LTE provides SPS operation for voice traffic, semi-persistent operation could be easily applied to V2V data transmissions. 

Assuming V2V traffic characteristics, the traffic can be classified into periodic and event-triggered packets and the periodic traffic can be efficiently handled by semi-static reservation of resource pools. Typical period of the incoming traffic is 100 ms and the transmission doesn’t stop until the application layer changes its behaviour. Moreover, the size of traffic is constant as the traffic contains vehicle’s typical road safety information (e.g. CAM). Therefore, the periodic packets can be effectively delivered by semi-persistent allocation mechanism.

The major benefit of semi-persistent allocation for V2V transmission is the reduction of collision. Since V2V transport uses a direct communication mechanism, UE autonomously selects resources among shared radio resources. Thus the mechanism may not avoid collision among Tx UEs. Additionally, frequent signaling between eNB and UE can be reduced by semi-persistent allocation mechanism whereas the existing Mode 1 allocation requires PHY/MAC signaling every transmission. 

Proposal 1. Semi-persistent resource allocation should be introduced for periodic traffic.

2.2 Semi-persistent allocation modes
To introduce the semi-persistent allocation, detailed procedure needs clarification which can be efficiently applied to incoming traffic patterns. Reminding the LTE SPS, semi-static allocation is performed by eNB using activation/deactivation signaling. However, we can reference both Mode 1 and Mode 2 as resource allocation procedures. The following is the description of the mechanisms by assuming typical SPS scenarios.
· eNB resource allocation (Mode 1): UE requests resource allocation and eNB reserves periodic radio resources. 

· The mechanism requires Uu signaling between eNB and Tx UE.
· On Uu, PHY and MAC signaling can be used for request and allocation.
· On PC5, Tx UE broadcasts PSCCH/PSSCH by using the allocated resources. 

· UE resource allocation (Mode 2): UE reserves radio resources autonomously and the resource is used for periodic transmissions.

· The mechanism needs an indicator which informs reserved resources.
· The indicator can be included in PSCCH or new control channel.

· On PC5, Tx UE broadcasts PSCCH/PSSCH by using the autonomously selected resources.

· Other Tx UEs avoid selecting the already reserved resources for PC5 transmission. 
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Figure 1. eNB resource allocation
The eNB allocation approach can be easily utilized because in-coverage scenario is the typical case of V2X communications and the procedure is similar to LTE SPS. Moreover, eNB controlled mechanism is the effective approach in a traffic congestion situations since the eNB can manage UEs operations broadly. However, the UE allocation approach requires additional clarifications since contention may be unavoidable without changing the existing D2D spec.
Proposal 2. eNB allocation mechanism should be the baseline for typical SPS scenarios.
To efficiently realize the allocation mechanism, some concerns should be resolved for V2V communications. One concern is that the period of incoming packets may be changed from the application layer. For example, the application layer changes period from 100 ms to 200 ms if the car slows down the speed under a certain speed. In that case, the configuration has to be changed accordingly by following the incoming packet characteristics.  Therefore, a way to reconfigure the periodicity can be considered for resource utilization and latency.
Furthermore, latency should be reduced to meet the SA1 latency requirements (100 ms). eNB allocation procedure requires time for signalling between eNB and Tx UE, so it may increase V2V transmission latency. To avoid the latency, initial or long waiting packets can be transmitted by Mode 2 which uses shared resource pools among Tx UEs. 

Proposal 3. A way to reconfigure semi-persistent allocation parameters should be supported.

Proposal 4. Initial or long waiting packets can be transmitted via Mode 2.

3. Conclusion
In this contribution, we have discussed semi-scheduling resource allocation scheme and have proposed the followings:

Proposal 1. Semi-persistent resource allocation should be introduced for periodic traffic.

Proposal 2. eNB allocation mechanism should be the baseline for typical SPS scenarios.

Proposal 3. A way to reconfigure semi-persistent allocation parameters should be supported.

Proposal 4. Initial or long waiting packets can be transmitted via Mode 2.
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