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1 Introduction

The scope of the Study Item on V2X is very wide and we think some form of prioritization or down-scoping is necessary. In this paper we present prioritized areas of interest for the future work.
2 Discussion
The V2X service sets very tight requirements on latency, hence improvements to latency should be of interest. It can of course be noted that a separate work item on latency may be agreed, and hence this WI may also study similar improvements. We offer a pragmatic view where it is of secondary importance exactly which work item studies what. Latency improvements are beneficial for V2X services. This paper merely provides an overview, and latency improvements are further elaborated in [1].
As V2X builds upon PC5 in certain scenarios, improvements to PC5 are also of interest. One area of interest is to improve the Quality of Service framework for PC5 which in Rel-13 has very few components.
2.1 Improvements to latency

2.1.1 Enhancements to SPS
V2X services transmit packets periodically and thus lend themselves well to SPS. Currently the UE can only have one SPS configuration, which is something we would like to change as the UE can be involved in multiple V2X conversations. Allowing multiple SPS configurations would be beneficial to the UE in V2X.

Proposal 1 Study the potential of enhancements to SPS (e.g. allowing multiple SPS configurations per UE) as a means to reduce latency in V2X.

2.1.2 Handover improvements
We can expect UEs involved in V2X to move fast, and this should of course be taken into consideration in the study. Handover improvements on Uu have been extensively studied which is why we would like to focus on the aspects related to PC5. For example, the UE can read the resource configuration in SIB18 from the target cell at an early stage, also the handover command can include sidelink-related configurations like sync or dedicated resources. This is further elaborated in [2].
Proposal 2 Study the potential of handover improvements, focusing on improvements for PC5 as a means to reduce latency in V2X.

2.2 MBMS/SC-PTM Enhancements

It is interesting to study capacity enhancements for distribution of broadcast content using e.g. MBMS/SC-PTM, for DENM and especially CAM traffic which is very resource-demanding. 

Capacity improvements can be achieved for example by making use at the application server and possibly at the eNB of the geographical coordinates when providing V2X services via multicasting techniques. 
Proposal 3 Study improvements to MSMS/SC-PTM services on the basis of UE geographical coordinates.
Another possible enhancement in this area is the introduction of HARQ at least for SC-PTM. 
Proposal 4 Study potential benefits and solutions for adaptive HARQ retransmissions for SC-PTM.

2.2.1 RRC Dormancy/Resume

If not all UEs can be expected to be in RRC_CONNECTED, we should also look at reducing the time it takes to transfer from RRC_IDLE to RRC_CONNECTED. One such mechanism which has been developed in the scope of NB-IoT is the RRC resume/suspend functionality. The eNB and the UE saves the RRC Context when the UE goes to RRC_IDLE and when the UE performs the random access procedure to go to RRC_CONNECTED, the RRC Context is retrieved from storage instead of being negotiated, which saves time.

Proposal 5 Study the potential of RRC suspend-resume functionality as a mean to reduce latency in V2X.

2.3 QoS frameworks
2.3.1 Improvements to the PC5 QoS framework
During the Rel-13 work it became apparent that there was a need for a QoS framework on PC5 and as a result on this the PPPP was developed. That solution can be improved by including a priority field in the SCI. That way receiving UEs can monitor the interference of the system and get a feeling for the current load. Also, the QoS framework should be formalized with the introduction of a bearer concept. This is further discussed in [3].
Proposal 6 Introduce a priority field in the SCI as a means to improve the PC5 QoS framework in V2X.

Proposal 7 Introduce a priority field in the user plane as a means to improve the PC5 QoS framework in V2X.

2.3.2 Improvements to the Uu QoS framework

The QoS framework of Uu has survived relatively unharmed through several releases and we do not think any major changes are necessary. However, the use of QCIs together with V2X services should be investigated. Are more QCIs necessary? Do they provide the necessary granularity? We think it is beneficial to investigate the Uu QoS framework also [3].
Proposal 8 Study the potential of the Uu QoS framework in V2X.

2.4 Other improvements
2.4.1 Separate pools per UE subscription

One important aspect to be discussed is which transmitting pools should be considered for V2X. The V2X services studied are V2I, V2N, V2P, and V2V. Among these V2I, V2V, V2P can be realized over PC5 while V2N is operated over Uu. Focusing on PC5-related services, a question that arises is whether different V2X sidelink users (i.e. vehicles, UE-type RSUs, pedestrians) should use the same set of time-frequency transmitting resources or not. We identify 3 sets of possible transmitting resource pools:

-
I2X: Transmitting resource pool to be used by UE-type RSUs. 

-
V2X: Transmitting resource pool to be used by vehicles. 

-
P2X: Transmitting resources pool to be used by pedestrians.

V2V and V2I requirements are quite similar therefore I2X and V2X might overlap. However, to limit the interference on the vehicle-to-vehicle communication layer, it can be worth configuring a separate I2X pool. Also for P2X it is recommended to have a separate pool since pedestrian devices might be subject to battery constraints. Therefore we think pools should be associated with the UE subscription and the access to such pools would depend on the specific UE subscription which may include the classification of the traffic type being generated by the user. More details can be found in [2]. To realize this we propose the following:
Proposal 9 Study the usage of different V2X transmitting pools associated with the specific UE subscription.

2.4.2 Improvements to sidelink resource allocation
The two modes for resource allocation on sidelink were developed for the very specific purpose of VoIP traffic in a fairly well-managed system of public safety users. As we prepare to use this as a basis for V2X we should analyse whether these two modes are suitable for the new requirements of V2X. Examples of improvements include using sensing before transmission, instead of transmitting in the random fashion associated with resource allocation mode 2. We also think sidelink measurement reporting to the eNB should be investigated. This is further elaborated in [2].
Proposal 10 Study improvements to sidelink resource allocation over PC5 in V2X.
2.4.3 Support for inter-operator deployments

The current common paradigm for deployments is that different operators are separated on different frequencies. In V2X we want UEs of different operators to communicate directly to each other on some frequency. Although scenarios where all UEs belong to the same operator should also be studied we think that that deployment cannot be assumed. Deployments with different operators on different carriers must also be efficiently supported. This is further elaborated in [4].
Proposal 11 Study the impact of supporting inter-operator deployments in V2X, without need for tight coordination between the operators.
2.4.4 Geographical area provisioning
Many V2X applications are based on the possibility to retrieve the geographical position of UEs. UEs can provide such information from GPS measurements or by using reference signals from the network. As such, we observe that most ITS applications are useful for UEs as long as the UEs know their positions or have network coverage. Hence, it is clear that each UE can report its own geographical location to the network. 

However, geographical location can be also important for other scopes. For instance, this information would be useful for the eNB to figure out inter-UE distances (i.e. which UEs are close to which UEs) so the eNB can assign resources that allow the UEs to detect each other. [2]
Proposal 12 Study the UE reporting procedure of geographical coordinates, with the purpose of improving the resource allocation, taking the size of these reports into account.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Study the potential of enhancements to SPS (e.g. allowing multiple SPS configurations per UE) as a means to reduce latency in V2X.
Proposal 2
Study the potential of handover improvements, focusing on improvements for PC5 as a means to reduce latency in V2X.
Proposal 3
Study improvements to MSMS/SC-PTM services on the basis of UE geographical coordinates.
Proposal 4
Study potential benefits and solutions for adaptive HARQ retransmissions for SC-PTM.
Proposal 5
Study the potential of RRC suspend-resume functionality as a mean to reduce latency in V2X.
Proposal 6
Introduce a priority field in the SCI as a means to improve the PC5 QoS framework in V2X.
Proposal 7
Introduce a priority field in the user plane as a means to improve the PC5 QoS framework in V2X.
Proposal 8
Study the potential of the Uu QoS framework in V2X.
Proposal 9
Study the usage of different V2X transmitting pools associated with the specific UE subscription.
Proposal 10
Study improvements to sidelink resource allocation over PC5 in V2X.
Proposal 11
Study the impact of supporting inter-operator deployments in V2X, without need for tight coordination between the operators.
Proposal 12
Study the UE reporting procedure of geographical coordinates, with the purpose of improving the resource allocation, taking the size of these reports into account.
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