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1. Introduction
In the new WID of eV2X, carrier aggregation is agreed to be introduced to V2X sidelink communication [1].

1: Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
This contribution discusses the scenarios of carrier aggregation in V2X, and how the UE selects carrier for transmission in case carrier aggregation is configured to a UE. 
2. Discussion
2.1. Carrier configuration
In the legacy Rel_14 V2X, one UE only has one carrier for V2X sidelink transmission. Radio resource pool is configured in only one carrier. Since carrier aggregation is introduced to eV2X, a UE may have multiple carriers for sidelink transmission, we have to discuss how the resource pool is configure. 
Option 1: The resource pool is configured per carrier
If the resource pool is configured per carrier, namely a resource pool is associated to an individual carrier; the resource pool which is configured by RRC should configure the carrier frequency of the resource pool, alone with the pool ID. This per carrier configuration inherits the LTE R14 resource pool configuration, which can be reused in eV2X. 
Option 2: The resource pool is configured cross carrier.  

The major purpose of CA is to combine discrete carriers, but if the resource pool is configured cross carriers, this kind of configuration makes no difference than configuring two individual resource pools. So V2X resource pool should not be configured cross carriers. 
Proposal 1: the resource pool is configured per carrier. 
2.2. Impact if resource pool is configured per carrier. 
In RAN1#89 meeting, RAN1 had the following agreement, 

Agreement:

· For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):

· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 

· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)

· FFS at which layer replication is done

· Capacity improvements from the receiver perspective

· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers

· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers

Agreement:

· In rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier. 

· This does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID 

For the first RAN1 agreement:

· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 

Different MAC PDU payload means these unassociated different packets are transmitted over different carriers; or the same MAC PDU are segmented in different sizes of pieces.
For the second RAN1 agreement:

· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)

This agreement means that the replicated copies of the same packet are transmitted over multiple carriers. 
So from the agreement we can see RAN1 had agreed that UE can transmit one MAC PDU in multiple carriers to enhance the reliability. If so, the receiving UE should have the information which carriers the same MAC PDU are being transmitted on, only by the information of these carriers, the receiving UE can combine the same MAC PDU from different carriers. 
In that sense, the transmitting UE should include any necessary information in the any carrier for all the replicated packets transmission, any parameters for replicated packets combination are listed below:
1: Carrier frequency

2: Resource pool ID

3: Subchannel ID

Proposal 2: in order to combine replicated packets transmitted over multiple carriers, each SA should carry the following parameters:

1: Carrier frequency

2: Resource pool ID

3: Subchannel ID

2.3. How to select carrier in eV2X CA
If a UE is configured multiple carrier, then the UE has to select a carrier or multiple carriers to transmit the V2X messages. Then how UE selects the suitable carrier (s) to transmit the V2X messages should be discussed. 
According to RAN1’s agreement of transmission over multiple carriers, we have two use cases to study: 

Case 1: transmission of multiple MAC PDUs in different carrier
Option 1: UE selects carrier based on CBR

In R14 LTE V2X, CBR was introduced for UE to measure the channel busy rate.  If the CBR measurement result is over the threshold or below the threshold, the UE adjusts the radio parameters. So if the UE selects carrier with low CBR measurement result, the radio resource can be used more efficiently, and with low resource collision rate. 
Option 2: UE selects carrier based on PPPP. 

In the legacy R13 D2D, each resource pool is configured with a list of PPPP, each packet carries a PPPP, and then the UE selects the resource pool based on the PPPP of the packet. Then likewise, we have two sub-options:


Option 2a: each carrier is configured with a PPPP list
Option 2b: each resource pool is configured with a PPPP list.

Option 3:  UE selects carrier based on delay

V2X is a very delay sensitive service. In R-14 V2X service, the maximum delay is 100ms. With less delay, the receiver vehicle can react according to the V2X message as early as possible. Based on the previous delay requirement, the UE reserves resources on multiple carriers and UE selects the resources with less delay on its own. 
In the above 3 options, option 2 requires additional spec impact, the other two options are up to UE selection. So we propose to only allow carrier selection by UE implementation.  

Proposal 3: UE selects carrier based on UE implementation. 
Case 2: Parallel transmission of replicated copies of the same packet
Option 4: UE places different packets on different carrier. 
For instance, the duplicate packet and original packet are sent over different, to ensure the reliability of the same V2X message. If UE has multiple replicated copies for transmission, and if the transmission resources are not in the same subframe, due to the half-duplex impact, there would be rather more subframes that are not monitored by the transmission UEs. As a result, the transmission UEs will lose more reception opportunities on the no monitoring subframes and the reception reliability will decrease. Therefore, an enhancement of resource selection should be introduced to make all the reputation transmission resources in the same subframe.
The following solution can be further discussed.
Since V2X UE works in half-duplex mode, to ensure the transmission of replication copies won’t use too many subframes which results in too many subframes that UE is unable to monitor. So UE should select the same subframe for the transmission of replication copy of the same MAC PDU in multiple carriers as many as possible. 
Proposal 4: An enhancement of resource selection should be introduced to transmit all the reputation copies in the same subframe and the solution should be further discussed.
2.4. CBR/sensing for CA

CBR/sensing in R-14 V2X is introduced to measure and evaluate the use of radio resource. If CA is configured for V2X UE, we think if band combination is configured, the CBR/sensing should be configured per band combination; otherwise CBR/sensing is configured per carrier. 
Proposal 5: If band combination is configured, the CBR/sensing should be configured per band combination; otherwise CBR/sensing is configured per carrier. 

3. Proposal
This contribution discusses the general issues of CA in eV2X, including how to configure resource pool and how to select a carrier for transmission in case CA is configured to UE. And hereby we have the following and proposals:
Proposal 1: the resource pool is configured per carrier. 
Proposal 2: in order to combine replicated packets transmitted over multiple carriers, each SA should carry the following parameters:

1: Carrier frequency

2: Resource pool ID

3: Subchannel ID

Proposal 3: UE selects carrier based on UE implementation. 

Proposal 4: An enhancement of resource selection should be introduced to make all the reputation transmission resource in the same subframe and the solution should be further discussed.
Proposal 5: If band combination is configured, the CBR/sensing should be configured per band combination; otherwise CBR/sensing is configured per carrier. 
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