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1. Introduction

Mode 3 and Mode 4 operation in carrier aggregation were discussed in RAN1 #90, and the following agreements were achieved [1]:
Mode-3 support:

Agreement:

· From RAN1 perspective, no additional standardization work is needed for supporting Mode 3 scheduling in PC5 CA (up to 8 PC5 carriers)

· Send LS to RAN2.

Agreement:

· For the three CA use cases identified in RAN1#89

· First and third use case are prioritized in RAN1.

· For the second case, packet duplication can be done at higher layers (up to RAN2 to decide).

· Send an LS to RAN2 to inform them of the decision. 

Mode-4 support:

Agreement:
· At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported

· FFS whether other solution is needed. 

· FFS if sensing on multiple carriers as a single set of resources is supported

· FFS if sensing can be done on a per-carrier basis, but resource selection can be different than Rel-14 UEs

Agreement:

· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA

· FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s) 

· Send LS to RAN2 cc SA2 to inform them of this assumption (including the note)

Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s)

In this contribution, we discuss synchronization aspects to support carrier aggregation in eV2X. 
2. Discussion
There are three kinds synchronization types defined in Rel-14 V2X, {GNSS, eNB, UE}. They can also be applied to Rel-15 V2X. For carrier aggregation, all the carriers should select the same synchronization source type. It is not reasonable that some carriers select one sync source type, while other carriers select different sync source type.
Proposal 1: 

· The same synchronization source types ({GNSS, eNB, UE}) are applied to Rel-15 V2X carrier aggregation.
· All the carriers that UE can support should select the same synchronization source type.
Based on the same sync source type, multi-carriers can be either synchronized or asynchronized. If all carriers are not synchronized, there are the following issues.

· Severe half duplexing for asynchronized carriers

For intra-band carrier aggregation, UE cannot receive signal from other carriers if it is transmitting at the same time because of half-duplexing limitation. If multi-carriers are not synchronized, that will result in severe half-duplexing problem. An example is shown in Figure 1. Carrier 1 and carrier 2 are not synchronized. If UE transmits at subframe 1 on carrier 2, it cannot receive or sensing at subframe 1 and subframe 2 on carrier1. 
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Figure 1 Illustration of half duplexing for asynchronized carriers.

· Imbalance power between carriers.

For asynchronized carriers, there is partially overlapping between carriers. For example in Figure 1, the later part of subframe 1 and first part of subframe 2 on carrier 1 are overlapped with subframe 1 on carrier 2. If data is transmitted on both carriers, there will be power imbalance between carriers.
For example, if two packets are to be transmitted at subframe 1 on both carriers, all of the transmission power can be allocated to the first part of subframe 1 on carrier 1, and half power can be used to the later part of subframe 1 on carrier 1 because power needs to be shared between two carriers. That will result in different SINR for the packet on carrier 1. Another possible scheme is that the transmission power of packet on carrier 1 keeps constant, such as half of total transmission power, and half of the transmission power is allocated to the packet on carrier 2. That can keep the same SINR of packet on carrier 1. While from the UE’s perspective, there is power ramping at the middle of subframe 1 on carrier 1, and all of the transmission power cannot be fully used.
Observation 1: Asynchronization among carriers will result in severe half duplexing issue and imbalance power among carriers.

Proposal 2: All carriers are synchronized.

For SLSS transmission, we propose that UE transmits SLSS on all carriers so that other UE can be synchronized in case one of the SLSS is detected. Different UE can support different number of carriers, and which carrier the UE can support is different between UE. If SLSS is only transmitted on specific carrier, the UE which doesn’t support this specific carrier cannot receive the SLSS and synchronized to it.
Proposal 3: SLSS is transmitted on all carriers.

3. Conclusions
In this contribution, the synchronization is discussed to support carrier aggregation in eV2X. The following observations and proposals are given.
Observation 1: Asynchronization among carrier will result in severe half duplexing issue and imbalance power among carriers.

Proposal 1: 

· The same synchronization source types ({GNSS, eNB, UE}) are applied to Rel-15 V2X carrier aggregation.
· All the carriers that UE can support should select the same synchronization source type.
Proposal 2: All carriers are synchronized.

Proposal 3: SLSS is transmitted on all carriers.
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