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1. Introduction

This is a revision of R1-1718036.

In RAN1#90 meeting, the following agreements were achieved for eV2X Mode 4 in carrier aggregation [1]. 

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

Working assumption: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure 

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 RAN1#90bis meeting, the following agreements were achieved for eV2X Mode 4 in carrier aggregation [2]. 
Agreement: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure
Note: T2 values may be discussed, and potentially modified, when discussing latency reduction
Working assumption:

· For a given MAC PDU, RAN1 assumes that a single carrier is provided by higher layer for its transmission. 

· From RAN1 perspective, the following factors can be taken into account for TX carrier selection.  

· CBR

· UE capability (e.g. number of TX chains, implementation related aspects such as power budget sharing capability, TX chain retuning capability)

· For a given MAC PDU, a single carrier is used for transmission and potential retransmission of this MAC PDU.

· From RAN1 perspective, once a carrier is selected, the same carrier is used for all MAC PDUs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 triggering conditions. 

· Note that the UE is not precluded to switch transmission chains between component carriers for different sidelink processes

Note that companies can bring contributions on new triggering conditions for resource (re) selection

In this contribution, we discuss remaining issues to support mode 4 in carrier aggregation. 

2. Design Aspects of Mode 4 in Sidelink Carrier Aggregation
2.1. Trigger condition for resource (re-)selection 

In Rel-14, there are several trigger conditions for resource (re-)selection. For example, the resource (re-)selection will be triggered in the following conditions:

· The counter C_resel is 0, and the randomly generated number within [0, 1] is higher than the parameter probResurceKeep.

· The existing resource with maximal allowed MCS cannot afford to transmit the data.

These trigger conditions can work well in Rel-14. In Rel-15, multicarrier is introduced. UE can transmit data on multi-carriers. It was agreed that for a given MAC PDU, a single carrier is used for transmission and potential retransmission of this MAC PDU. And Once a carrier is selected, the same carrier is used for all MAC PDCs of the same sidelink process at least until resource reselection is triggered for that same sidelink process based on Rel-14 trigger conditions. While in Rel-15, the introduction of multi-carriers provides the possibility that UE can not only do resource (re-)selection, but also do carrier selection when the resource (re-)selection is triggered. 
Proposal 1: Not only resource (re-)selection but also carrier selection can be done when the resource (re-)selection is triggered
In addition to Rel-14 resource (re-)selection trigger conditions, we think that new trigger conditions can be considered in Rel-15 carrier aggregation. For example, the resource (re-)selection can be triggered based on CBR variation.
It was agreed that once a carrier is selected for transmission, the same carrier will be used for all the MAC PDUs of the same sidelink process. That means UE will do semi-persistent transmission on the selected carrier. In V2X, UE moves very fast and the CBR also changes quickly. Different transmission carriers may experience different CBR level. It is possible that the CBR of the selected carrier is much higher than another carrier during the semi-persistent transmission. In this case, we think that it is benefit that the resource (re-)selection can be triggered so that the UE can select a more suitable carrier for transmission. 
Proposal 2: Resource (re-)selection can be triggered based on CBR variation. 
2.2. Sensing, resource selection and reservation for multi-carriers
In Rel-14, mode 4 UE selects resource based on sensing results and reserves it for several transmission periods. For the multi-carrier case, it was agreed that Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported. Whether the resource selection can be different than Rel-14 UEs needs FFS. 
For the resource selection and reservation across multi-carriers, the limitation of half-duplex needs to be considered. The resource selection among multi-carriers depends on whether the packet needs to be transmitted at the same or different time on multi-carriers. 
· Case A: If different packets are transmitted on different carriers, the resource selection and reservation can be done independently per carrier.

· Case B: If multiple replications of the same packet are transmitted on different carriers at different time, the resource selection and reservation can be done independently per carrier.

· Case C: If multiple replications of the same packet are transmitted on different carriers at the same time, only the resource that is available on both carriers at the same time can be selected.
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Figure 1 Resource selection in different cases of carrier aggregation
Proposal 3: 
· If different packets are transmitted on different carriers, the resource selection and reservation can be done independently per carrier.

· If multiple replications of the same packet are transmitted on different carriers at different time, the resource selection and reservation can be done independently per carrier.

· If multiple replications of the same packet are transmitted on different carriers at the same time, only the resource that is available on both carriers at the same time can be selected.
3. Conclusions
In this contribution, some design aspects of mode 4 in carrier aggregation are discussed. The following proposals are given:

Proposal 1: Not only resource (re-)selection but also carrier selection can be done when the resource (re-)selection is triggered
Proposal 2: Resource (re-)selection can be triggered based on CBR variation.

Proposal 3: 
· If different packets are transmitted on different carriers, the resource selection and reservation can be done independently per carrier.

· If multiple replications of the same packet are transmitted on different carriers at different time, the resource selection and reservation can be done independently per carrier.

· If multiple replications of the same packet are transmitted on different carriers at the same time, only the resource that is available on both carriers at the same time can be selected.
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