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1 Introduction
The Study Item stage of PC5-based V2V, which was led by RAN1 [1] has been completed from RAN1 perspective. Some technical issues and necessary enhancements from RAN1 perspective for PC5-based V2V transport have been studied and captured into TR 36.885 [2]. However, due to limited time budget in RAN2, potential issues for PC5-based V2V within RAN2 scope have not been discussed. Therefore some RAN2 issues and potential necessary enhancements have still not been captured within current TR 36.885.  

This contribution, attempts to identify some RAN2 issues for PC5-based V2V transport. According to the discussion some text proposals for Scenario 1, which corresponds to PC5-based V2V in TR 36.885, are then provided. 
2 Discussion
In TR 36.885, Scenario 1 is defined for PC5-based V2V transport, and has been captured as follows [2].
	4.1
Scenario 1
4.1.1
General Description
This scenario supports V2V operation only based on PC5.

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink.
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Figure 4-1: Scenario 1
4.1.2
Operation Aspects

RAN aspects for PC5-based V2V operation (Tx/Rx of V2V message) are as follows:

· (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 6 GHz

· Case 1B: 2 GHz

Note: Case 1B may not be need to be specifically simulated for all scenarios

· (Aspect 2) eNB deployment consideration including possibility of network control

· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no eNB coverage case.
· Case 2B: eNB providing more UE specific or/and more dynamic resource allocation including Mode 1 compared to case 2A.
Note: Related to aspect 2, it is necessary to consider the condition to apply any preconfigured radio parameters.
· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation
· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.
· FFS: Case 4D: No operator operation 
· (Aspect 5) Co-existing with Uu

· Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.

· Case 5B: V2x carrier is shared with Uu.

All scenarios and combinations captured above should be considered in scope of the study item.


Aspect 1 concerns operating bands used for evaluation which is in RAN1 scope.
Aspect 2 concerns resource allocation for which RAN1 has already identified some possible enhancements.

Aspect 3 and Aspects 4 concerns the multi-carrier and multi-operator issue, which should be discussed in RAN2 to identify necessary enhancements.

Aspect 5 concerns possible traffic transmitted on the carrier for V2X. This aspect may need further discussion by taking into account Rel-12/13 D2D services.
The following sections will further discuss Aspect 3, Aspect 4 and Aspect 5. 
2.1 Potential Issues on Multi-Carrier Operations
As indicated by Aspect 3, Multi-Carrier operation should be supported for PC5 transport of V2V; it requires that UEs should be able to communicate over PC5 no matter across single carrier or multiple carriers 
	· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.


In Rel-12/13, a UE is only able to perform sidelink communication TX/RX on one carrier, i.e. public safety ProSe carrier, for both in-coverage and out-of-coverage cases.  This means, the existing Rel-12/13 sidelink communication is not able to support V2V transport across multiple carriers. 
Observation 1：Existing Rel-12/13 sidelink communication is not able to support V2V transport across multiple carriers over PC5. 

RAN1/2 can further discuss if Case 3B is necessary to be supported for V2V. If needed, some enhancements are necessary to support multiple carrier operation over PC5 for V2V transport.  

Proposal 1: Some enhancements are required to support multiple carrier operation over PC5for V2V communication. 

A vehicle UE needs to transport V2V messages with the size of 190/300 bytes every 100/500ms. Therefore, from the UE’s perspective there is no capacity issue for a vehicle UE to transmit V2V messages only on one carrier. However, from the network’s perspective, the capacity for one carrier could be insufficient if there are too many vehicles transmitting on a carrier. 

A possible solution to support sidelink communication on multiple carriers can be similar to the operation of PS sidelink discovery specified in Rel-12/13. The vehicle UE transmits sidelink communication only on one carrier which could be the serving carrier or a non-serving cell, and receives sidelink communication on multiple carriers, so that vehicle UEs across different carriers are able to communicate with each other.
Proposal 2: For the multi-carrier operations for PC5-based V2V, one vehicle UE can transmit sidelink communication on one carrier, and receive sidelink communication across multiple carriers. 
2.2 Potential Issues on Multi-Operator Operations 
Aspect 4 concerns operation issues for V2V operation. 
For Case 4A, it is assumed that only one operator operates V2V, so there is no inter-operator V2V communication issue.

For Case 4B, existing RAN sharing mechanisms may suffice to enable UEs belonging to different operators to use the same carrier for V2X operation for in-coverage case.. For the out-of-coverage case, resource allocation on preconfigured resources based on mode 2 can be considered. The operators sharing the same carrier may need to coordinate the resources.
Proposal 3: Existing RAN sharing mechanism can be considered for Case 4B where the carriers for V2X are shared by different operators.

For Case 4C, each operator has their own carriers for V2X, and the UE only transmit on the carrier belonging to its serving operator.

However, the description for Case 4C has not been clearly captured in current TR 36.885. The following aspects may need to be further considered.
First, the current descriptions for Case 4C only consider V2V at the transmitter side. However, according to the V2V requirement defined in SA1, it is necessary for a UE to receive V2V messages from other UEs in different PLMN/operators. 
	SA1 TR 22.885

[CPR-012]
A UE supporting V2X Service shall be able to transmit and receive V2X messages from other UEs supporting V2X Service in different PLMNs.


Therefore, for Case 4C, the UE is required to receive V2V messages on carriers belonging to other operators. 

Additionally, the current description for Case 4C only considers the case where “Each operator is allocated with a different carrier”. However, it is also possible that each operator is assigned with multiple carriers for PC5 operations. Based on the points above, Case 4C is proposed to be described as follows.  

Proposal 4: Regarding Operating Scenarios (Aspect 4), each operator can be allocated with different carrier(s). This means that a UE can transmit only on the carrier(s) allocated to the operator which the UE belongs to, while the UE can receive from carrier(s) which belong to other operators.
2.3 Potential Issues on Coexistence of V2X messages and D2D services 

In Aspect 5, coexistence of V2X with Uu has been considered.Only the potential for the coexistence of Uu traffic and V2X traffic on the V2X carrier has been considered. However, on the V2X carrier, apart from the V2X traffic, there could be other services based on D2D, e.g., PS services considered in Rel 12/13 as well.  It is also important to consider the co-existence case of V2X services and other D2D services, since this case may have an  impact on functionalities such as priority handling, resource configuration, etc.
Hence, it is proposed to capture the coexistence case of V2X services and other D2D services into the TR as follows
Proposal 5: the co-existence case of V2X services and other D2D services over PC5 should be captured into the TR as follows:

· (Aspect 6) Co-existing with other D2D Services
· Case 6A: Dedicated carrier for V2X in PC5. There is no other D2D service on carrier for V2X.
· Case 6B: V2X Carrier is shared with other D2D services in PC5. 
3 Conclusion
In this contribution, potential RAN2 issues are further considered and identified for Scenario 1 in TR 36.885. Some proposals are proposed as follows. 

Observation 1：Existing Rel-12/13 sidelink communication is not able to support V2V transport across multiple carriers over PC5. 

Proposal 1: Some enhancements are required to support multiple carrier operation over PC5 for V2V communication. 

Proposal 2: For the multi-carrier operations for PC5-based V2V, one vehicle UE can transmit sidelink communication on one carrier, and receive sidelink communication across multiple carriers. 
Proposal 3: Existing RAN sharing mechanism can be considered for Case 4B where the carriers for V2X are shared by different operators.

Proposal 4: Regarding Operating Scenarios (Aspect 4), each operator can be allocated with different carrier(s). This means that a UE can transmit only on the carrier(s) allocated to the operator which the UE belongs to, while the UE can receive from carrier(s) which belong to other operators.
Proposal 5: the co-existence case of V2X services and other D2D services over PC5 should be captured into the TR as follows:

· (Aspect 6) Co-existing with other D2D Services
· Case 6A: Dedicated carrier for V2X in PC5. There is no other D2D service on carrier for V2X.
· Case 6B: V2X Carrier is shared with other D2D services in PC5. 
4 Text Proposal

Note: This text proposal is based on the latest version of TR 36.885 (i.e. v0.4.0) as provided in 2015-11.
--- BEGIN Text Proposal ---
4
V2X operation scenarios
Editor notes: This section is to describe LTE-based V2X operation scenarios, e.g., in terms of spectrum, network coverage, etc.

Editor notes: It is FFS whether V2I/V2N/V2P will be captured in the following scenarios or new scenarios.
4.1
Scenario 1

4.1.1
General Description
This scenario supports V2V operation only based on PC5.

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink.
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Figure 4-1: Scenario 1
4.1.2
Operation Aspects

RAN aspects for PC5-based V2V operation (Tx/Rx of V2V message) are as follows:

· (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 6 GHz

· Case 1B: 2 GHz

Note: Case 1B may not be need to be specifically simulated for all scenarios

· (Aspect 2) eNB deployment consideration including possibility of network control

· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no eNB coverage case.
· Case 2B: eNB providing more UE specific or/and more dynamic resource allocation including Mode 1 compared to case 2A.
Note: Related to aspect 2, it is necessary to consider the condition to apply any preconfigured radio parameters.
· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation
· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 
· Case 4C: Each operator is allocated with different carrier(s). This means that a UE transmits only on the carrier allocated to the operator which it belongs to, while the UE can receive on carrier(s) which may belong to different operators.
· FFS: Case 4D: No operator operation 
· (Aspect 5) Co-existing with Uu

· Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.

· Case 5B: V2x carrier is shared with Uu.
· (Aspect 6) Co-existing with other D2D Service
· Case 6A: Dedicated carrier for V2X in PC5. There is no other D2D service on thecarrier for V2X in PC5 interface.
· Case 6B: V2X Carrier is shared with other D2D services in PC5 interface. 
All scenarios and combinations captured above should be considered in scope of the study item.
5
Technical support for V2V
5.1
PC5 interface

Editor notes: Including necessary enhancements for PC5 transport for V2V services.

5.1.1
Resource allocation
It is observed that Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V. Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V
[…]
5.1.2
Handling high Doppler case
It is observed that DMRS needs to be enhanced for PC5-based V2V.

SC-FDM is used for V2V transmission in each physical channel.
Enhancement at least includes:
[…]
5.1.3
Synchronization
GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE
 directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.
[…]
5.1.4 Multiple-Carrier operations 

In Scenario 1, necessary enhancements are needed to support PC5-based V2V communication on multiple carriers (Case 3B for Scenario 1). One possible way for the multi-carrier operation for PC5-based V2V could be, one vehicle UE transmits sidelink communication on at least one carrier which could be the serving carrier or a non-serving carrier, but receives sidelink communication across multiple carriers. 
5.1.5 Multiple-operator operations 

In Scenario 1, RAN sharing mechanism can be considered to support Case 4B that V2X carriers are shared by different operators.
--- END Text Proposal ---
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� “Vehicle” UE in this clause indicates UE in PC5 V2V. This terminology is only used for discussion convenience.
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