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1 Introduction
In RAN1 #82bis meeting, an LS about resource allocation principles for PC5-based V2V [1] was sent to RAN2. In this LS, some issues raised by RAN1 need further study in RAN2, and this contribution discusses these issues as well as some potential solutions. 
2 Discussion
2.1 Network Control Aspect
As pointed out by [1], the following two operating scenarios should be studied in terms of Network Control Aspects.
	· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 


When a vehicle is in the coverage of an E-UTRAN cell on the carrier where PC5 is performed, in Rel-12/13, both scheduled resource allocation and UE autonomous resource selection are already supported for sidelink communication. Therefore, it is straightforward to support both of them for PC5-based V2V transport. 
For another scenario that a UE operates PC5 in a carrier where no cell is detected, but while it is in coverage of an E-UTRAN cell on another carrier, RAN1 has already agreed that the eNB can control resource allocation for PC5 transmission at least when the PC5 and Uu carriers belong to the same operator. In order to achieve flexible control by the operator, it is proposed that both the scheduled resource allocation and UE autonomous resource selection should be supported for the eNB to configure resources in this scenario. The network can decide which mode is to be used based on the specific situation (e.g., vehicle density, load of Uu and etc.). 
Proposal 1: The eNB can control the sidelink resource allocation for the serving carrier as well as for another carrier where no cell is detected by the UE. For the above 2 scenarios, both scheduled resource allocation and UE autonomous resource selection should be supported.

As discussed for the PC5 scenario in RAN1 [3], the case of multiple carriers and multiple operators has been considered. However, in R12 the UE can only perform sidelink communication on one carrier (i.e., public safety ProSe carrier), no matter if there is a cell on that carrier or not. This means that if Rel-12 sidelink communication is directly applied for PC5-based V2V transport, the V2V UE is unable to perform sidelink communication on multiple carriers. Therefore, RAN2 is suggested to study multiple carrier operation as a potential enhancement of sidelink communication, so as to support the operating scenarios for PC5-based V2V on multiple carriers. 

A simple solution to support sidelink communication on multiple carriers could be similar to the operation of sidelink discovery specified in Rel-12. The vehicle UE transmits sidelink communication only on the serving carrier, and receives sidelink communication on multiple carriers, so that vehicle UEs on different carriers can communicate with each other.
As considered in [3], it is possible that UEs of an operator perform V2V on a carrier, but that UEs of another operator perform V2V on another carrier. Therefore, in order that the vehicle UEs belonging to different operators can communicate with each other, the UE should be able to receive V2V messages on carriers belonging to other operators/PLMNs. 
Proposal 2: In order to support PC5 multi-carrier scenario, a vehicle UE should be able to transmit V2V messages on a carrier of its serving PLMN and receive V2V messages on multiple carriers which may belong to a PLMN different from the serving PLMN. 
2.2 Enhancement to Resource Allocation 
2.2.1 UE Autonomous Resource Selection

Collision avoidance is one of the most concerning aspects for UE autonomous resource selection as in [1]
	· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain


According to RAN1’s conclusion, a possible solution for collision avoidance is that “A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.”  By this possible solution, the UE may not select the resource randomly, but may select among resources which are not occupied and/or collided by the other UEs. It is still FFS which node (the UE or the eNB) should provide the information for the UE to identify the possible occupation and collision of these resources.
Observation 1: For autonomous resource selection, the UE may select resources for sidelink communication considering the information provided by the eNB or otherUEs in order to identify possible resource occupation/collisions.
2.2.2  Scheduled Resource Allocation
There are specifically two topics regarding scheduled resource allocation captured in [1]
	· Semi-persistent scheduling from eNB for PC5 transmissions

· Cross-carrier scheduling

· eNB sends control via a carrier to schedule sidelink resource in another carrier not associated with the carrier used for the control transmission.

· FFS in which scenario(s) this principle is beneficial


Semi-Persistent Scheduling (SPS) has been agreed in RAN1. In line with RAN1’s agreement, RAN2 can further study the high layer impacts, e.g. SL SPS configuration. 
Proposal 3: SPS for sidelink communication should be supported. RAN2 is requested to further study the high layer impacts, e.g. SPS configuration.  

2.3 QoS or Priority handling

In the RAN1 LS, the following aspects have been mentioned. 
	· Resource pool
· <text removed here>
· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.
· <text removed here>
· Differentiation of radio transmission characteristics based at least on higher layer properties

· FFS which other aspect(s) will also differentiate radio transmission characteristics

· FFS radio transmission characteristics


For R13 enhanced D2D, there is no QoS guarantee, but priority handling is supported. It has been already agreed in RAN2 that up to 8 resource pools can be configured to the UE for transmission of sidelink communication, and each resource pool can be associated with multiple priorities (i.e., ProSe Per Packet Priority, PPPP). The UE selects the resource pool to transmit a packet based on the PPPP associated with the packet.

However, it is still unclear whether some QoS parameters need to be considered for V2X transport, e.g., 100ms latency requirement studied in SA1, or the priority handling framework being specified in R13 can be reused for V2X transport.
	SA1 TR 22.885

[PR.5.1.5-007]
The E-UTRA(N) shall be able to support a maximum latency of 100ms. 


In case the R13 eD2D priority handling framework is reused for V2V transport, then it is possible that all the agreed mechanisms for eD2D can be applied to V2V as well, e.g., up to 8 resource pools can be configured. However, it is still unclear whether the existing D2D services and V2X services could coexist from the network perspective. It is also unclear whether the network needs to differentiate existing D2D services from V2V services from a priority handling point of view.
SA1 and SA2 are required to clarify the questions raised above.

Proposal 4: Send an LS to SA1 and SA2 to clarify the following questions: 
· Question 1: Is it feasible to continue using the Rel-13 D2D Priority handling mechanism based on PPPP for PC5 based V2V transport? 

· Question 2: Is it necessary for the network to differentiate R13 D2D services and V2V services from priority handling point of view?
· Question 3: If PPPP continues to be used for V2V priority handling, how many priority levels are to be defined for the V2V messages?

· Question 4: Apart from priority, is it necessary to consider other QoS requirement (e.g., latency) for resource allocation?

2.4 Resource Allocation Robustness for Mobility 
Resource allocation issues related to mobility, e.g. handover, RLF, cell reselection, have been considered by RAN1 in [1] as follows. 
	· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection


As vehicles commonly have high mobility on the road, some mobility issues in terms of handover, cell reselection, and RLF may occur if the current mechanism for sidelink communication is directly used to support V2V.

Due to the high mobility of vehicles, it is quite likely that vehicle UEs need to perform handover or cell reselection frequently. During the handover/cell reselection periods, according to the Rel-12 mechanism, a UE has to first receive SIB18 of the target cell to update pool configurations before it can perform sidelink communication. This means, if directly applying current handover/cell reselection mechanisms, vehicle UEs will very likely Miss some V2V messages sent from other vehicles nearby while receiving SIB 18 of the target cell, which results in service interruption for V2V. Furthermore, considering the fact that vehicle UEs have to perform handover/cell reselection quite frequently due to high mobility, vehicle UEs are thus likely to experience frequent interruptions.  It may raise the risk of road accidents because some critical V2X messages may be frequently missed.  

In order to handle the above problem, RAN2 needs to study necessary enhancements to minimize the service interruption due to handover or cell reselection, e.g., the exceptional resource pool may be used during handover.
Proposal 5: RAN2 is requested to study necessary enhancements to minimize the service interruption due to handover or cell reselection.  
As specified in Rel-12, when RLF occurs (during T311/T301 running) the UE can use the exception resource pool for transmission of V2V messages. For V2V transport based on sidelink communication, it is natural that the exceptional resource pool should continue to be used.

Proposal 6: The exceptional resource pool specified in Rel-12 continues to be used to handle the RLF for PC5 based V2V transport.
3 Conclusion
In this contribution, some issues related to PC5-based V2V resource allocation triggered by [1] are analyzed  from RAN2 perspective. Some proposals are proposed as follows. 
Observation 1: For autonomous resource selection, the UE may select resources for sidelink communication considering the information provided by the eNB or otherUEs in order to identify possible resource occupation/collisions.
Proposal 1: The eNB can control the sidelink resource allocation for the serving carrier as well as for another carrier where no cell is detected by the UE. For the above 2 scenarios, both scheduled resource allocation and UE autonomous resource selection should be supported.

Proposal 2: In order to support PC5 multi-carrier scenario, a vehicle UE should be able to transmit V2V messages on a carrier of its serving PLMN and receive V2V messages on multiple carriers which may belong to a PLMN different from the serving PLMN. 
Proposal 3: SPS for sidelink communication should be supported. RAN2 is requested to further study the high layer impacts, e.g. SPS configuration.  

Proposal 4: Send anLS to SA1 and SA2 to clarify the following questions: 

· Question 1: Is it feasible to continue using the Rel-13 D2D Priority handling mechanism based on PPPP for PC5 based V2V transport? 

· Question 2: Is it necessary for the network to differentiate R13 D2D services and V2V services from priority handling point of view?
· Question 3: If PPPP continues to be used for V2V priority handling, how many priority levels are to be defined for the V2V messages?

· Question 4: Apart from priority, is it necessary to consider other QoS requirement (e.g., latency) for resource allocation?

Proposal 5: RAN2 is requested to study necessary enhancements to minimize the service interruption due to handover or cell reselection.  
Proposal 6: The exceptional resource pool specified in Rel-12 continues to be used to handle the RLF for PC5 based V2V transport.
4 Reference
[1]  R1-156314, LS on resource allocation principles ion PC5-based V2V, RAN WG1.
[2]  R1-154981, Updated offline summary for V2X evaluation, LG Electronics. 
[3] R2-155002, Email discussion - [91bis#06][LTE/V2X] Capture agreements in TP, LG.








































































































































































































































































































































 1/5

