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Introduction
A new study item aiming at enhancing existing LTE to support V2X services was agreed in RAN#68. For support of Uu transport for V2V, and PC5/Uu transport for V2I/N and V2P services, the SI includes at least the following objectives [1]:
a) Evaluate the feasibility of Uu transport for V2V and V2P in terms of meeting latency requirements, network coordination required, resource efficiency, and energy efficiency of UE. [RAN1, RAN2, RAN3]
b) Identify and evaluate enhancements required to support each of eNodeB type and UE type RSU [RAN1, RAN2, RAN3].According to the current SA status, RAN2 will not study solutions for UE-to-UE relaying based on a new architecture for UE-type RSU.
c) Identify and evaluate the necessity of enhancements to multi-cell multicast/broadcast for reduced latency and improved efficiency [RAN1, RAN2, RAN3].
This contribution considers the possible schemes and necessary enhancement for supporting of Uu transport and multicasting for V2X services.
UL transmission
In existing LTE networks, a UE performs UL transmission through dynamic scheduling (DS) or semi-static scheduling (SPS) from the eNodeB. DS is beneficial in terms of resource utilization and UL throughput because MCS, frequency resource and transmission power can be adapted. In case that a UE has UL data to transmit but no UL DCI is received, the UE can initiate a scheduling request (SR) procedure which may have a latency of up to 10ms. Conversely, SPS is designed to support regular burst services, (e.g. VoIP), and targeted to reduce DL control signaling overhead. The resource efficiency of SPS is less than that of DS because UL transmissions are semi-statically configured in SPS. 
According to the V2X use cases defined in [2], UL packet transmission from vehicles can be either periodic (e.g. Forward Collision Warning with a maximum frequency of 10 V2V messages per second) or event triggered (e.g. control loss warning of which the event-driven V2V message is triggered by the V2V Service layer). Considering that the characteristics of periodic services (with a typical periodicity of 100ms)are similar to those of VoIP and further considering the large number of vehicles that may exist in a cell, it is beneficial to support periodic V2X services with SPS to keep the DL control signaling overhead low. 
For event triggered V2X services, low latency is needed to satisfy the requirement of immediate V2X message transmission after the event has been triggered. A vehicle in RRC idle state has to enter RRC connected state before it performs an UL transmission. Even for a RRC connected vehicle, SR is necessary if the vehicle has no UL grant when the event happens. So it is necessary to further enhance Uu interface UL transmission scheme to reduce the latency during this procedure. The outcome of ongoing item in RAN2 on latency reduction techniques for LTE (e.g. grant-less UL transmission) can be considered to solve this problem.
Proposal1: Enhance Uu interface UL transmission scheme to reduce the latency during UL transmission procedure for event triggered V2X services.
DL transmission
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Referring to the use cases defined in [2], it is natural to support DL transmission with multicasting/broadcasting. At this stage there are two alternatives to perform multicast/broadcast. One is multi-cell multicast/broadcast (eMBMS), where fully synchronized multiple cells transmit exactly same V2X data to users under the eMBMS SFN area. The other is one cell multicast/broadcast i.e. single cell – point to multipoint (SC-PTM), in which V2X data is multicast/broadcast per cell, similar to a system broadcast information transmission scheme in a legacy network.
eMBMS is motivated by the fact that one road may go across multiple cells, coordinated multi-cell multicast/broadcast can cover the road simultaneously and SFN transmission can provide high cell edge spectrum efficiency. However, eMBMS may also restrict the application of Uu based V2X communication in the geographical area out of SFN network coverage, which is not advantageous for exploiting the benefits of V2X communication functionalities. Also, the envisaged efforts to support eMBMS are not marginal. As previously mentioned, eMBMS needs all participating cells to transmit exactly the same data. However, V2X service data may originate from cars located in different cells. Hence, it is difficult to synchronize the contents that are transmitted in different cells if there is no control center (such as MCE in eMBMS network architecture). From a physical layer perspective, several MBSFN subframes have to be configured per frame to support eMBMS with low latency and this can impact unicast DL transmissions.
SC-PTM does not rely on SFN network deployment, and if multiple cells need to broadcast the same contents (assuming these cells belong to different eNodeBs), those contents could be exchanged over X2. Therefore, it allows much easier implementation. As SC-PTM can be multiplexed with unicast DL transmissions in normal DL subframes, an eNodeB has the flexibility to schedule unicast DL transmissions and V2X transmissions. 
Proposal 2: SC-PTM is proposed for V2X service transmission as it offers reduced implementation complexity and scheduling flexibility.
Enhancement on Multicast/Broadcast
In realistic traffic environment, one car may only impact cars in proximity or in same road and V2X service data is expected to be regionally effective. As shown in the Fig. 1, there are two parallel roads going through a cell and it may be not necessary for cars in Road A to exchange information with cars in Road B by using Uu interface(and vice versa). Even for cars located in different lanes of the same road, information exchanging by using Uu interface may not be needed. 
Therefore, from a receiving vehicle perspective, if the vehicle detects all V2X multicast/broadcast channels within the cell, it may determine that the received information is not useful. Similar issue exists in Rel-12 D2D where a destination ID is introduced into SA to help receiving devices identify services before decoding the data channel. It is desirable to implement the same functionality for V2X communications in order to enable receiving vehicles identify useful data channels before decoding. Therefore, an enhancement to existing multicast/broadcast transmission is necessary.


Figure 1 Cars in different roads may not impact each other
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Proposal3: Enhance Rel-12 multicast/broadcast scheme to avoid unnecessary detections at receiving vehicles.
Approaches to support multicasting 
One method for multicasting to vehicles for V2X communication is to use a group RNTI. The UE could support multiple RNTIs, depending on the type of V2X communication. For example, a V2I UL communication can use a UE-specific cell RNTI (C-RNTI) while a V2I DL communication can use a group RNTI that can be shared among multiple vehicles in a given area. The eNodeB configures the group RNTI for the UE using RRC. This scenario is covered in Scenarios 2 and 3A in [3]. This is shown in Fig. 2(a) for scenario 3A. Similarly, a group RNTI can also be used for communication on the sidelink channel for scenarios 1 and 3B in [3]. This is shown in Fig. 2(b) for scenario 3B.




Figure 2 Group RNTI for V2X communication, based on scenarios in [3]

An eNodeB may support multiple group RNTIs within a cell depending on location, traffic direction, congestion etc. In such cases, the eNodeB re-configures the group RNTI for the UEs during mobility from one group to another within the cell using RRC for multicasting while keeping the same C-RNTI within the cell for unicast traffic. This is shown as an example in Fig. 3. where vehicles part of a group 1 may move to become part of a new group 2. 


Figure 3 Supporting multiple groups within a cell with multicasting


The eNodeB provides the group RNTI to the UE by a RRC connection reconfiguration. The eNodeB scrambles the (E)PDCCH and the PDSCH by the group RNTI during multicast transmission. After eNodeB identifies that a UE has moved out of a group, the eNodeB  can assign a new group RNTI for the UE.  Fig. 4 shows an example of two groups where the (E)PDCCH and PDSCH are multicast. In the example, UE1 and UE2 belong to group 1 and UE3 and UE4 belong to group 2. 




Figure 4 Example to demonstrate multicasting using group RNTI

An alternate method for multicasting is multicasting PDSCH only. In this method, the eNodeB sends the (E)PDCCH informationfor each UE as a unicast transmission. The (E)PDCCH for multiple UEs in a grouppoint to the same PDSCH data location.The eNodeB scrambles the unicast (E)PDCCH with the C-RNTI and themulticast PDSCH with a fixed (reserved) RNTI so that it can be decoded by multiple UEs. The (E)PDCCH resource allocation field provides the location for a UE to monitor for the associated shared PDSCH. In the example shown inFig. 5, UE1 and UE2 are members of group 1 while UE3 and UE4 are members of group 2. The (E)PDCCH for both UE1 and UE2 indicates the location for PDSCH of group 1 in its resource allocation field while the (E)PDCCH for both UE3 and UE4 contain the location for PDSCH of group 2 in its resource allocation field. This method avoids the need to support a RNTI per grouping and the eNodeB can transparently re-assign grouping of UEs during mobility (as shown in Fig.3) using the unicast (E)PDCCH.



Figure 5 Example to demonstrate multicast PDSCH onlyusing fixed RNTI

Proposal 4: Evaluate multicasting using group or fixed RNTIs.

Furthermore, multicasting for multiple groups can benefit from multiple antennas at RSU or eNodeB. The RSU or eNodeB can spatially multiplex multiple groups for latency reduction and for capacity improvement. As shown in an example in Fig. 6, the RSU or eNodeB can spatially multiplex vehicles in different directions, for example, into multiple groups for simultaneous operation. The eNodeB/RSU can use location and vehicle direction information, for example, for resource allocation and grouping of vehicles for multicasting. The eNodeB/RSU can also spatially separate groups in the same direction using beamforming, depending on the distance. Thus, the eNodeB/RSU can support multicastingin conjunction with multiuser (MU)-MIMO techniques for improved latency and capacity enhancements.
Proposal 5: Evaluate multicasting with MU-MIMO using multiple antennas at eNodeB/RSU



Figure 6 Using multi-antenna eNodeB/RSU for multicasting with MU-MIMO
Conclusions
In this contribution we discussed the possible schemes and necessary enhancement for supporting of Uu transport and multicasting for V2X services. The following proposalsare made:
Proposal 1: Enhance Uu interface UL transmission scheme to reduce the latency during UL transmission procedure for event triggered V2X services.
Proposal 2: SC-PTM is proposed for V2X service transmission as it offers reduced implementation complexity and scheduling flexibility.
Proposal 3: Enhance Rel-12 multicast/broadcast to avoid unnecessary detection at receiving vehicles.

Proposal 4: Evaluate multicasting using group or fixed RNTIs.

Proposal 5: Evaluate multicasting with MU-MIMO using multiple antennas at eNodeB/RSU
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