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1 Introduction

In RAN1#89 meeting, the following use cases for V2X CA were identified [1],
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
In the first use case, the multiple MAC PDUs can belong to a same high layer packet, or mapped to multiple high layer packets and each packet may be for a different service. The second use case is for the transmission of same packet on multiple carriers for combining and diversity gain. The third method is for the case to select one from multiple carriers to carry a packet. Parallel transmission in above use cases doesn’t necessarily mean simultaneous transmission. The only limitation is that the transmission on multiple carriers must satisfy the latency requirement. The support of mode-3 and mode-4 and synchronization are discussed in companion document [2][3][4]. While in this document, we discuss the remaining issues in the operation of V2X CA.
This document is a resubmission of contribution R1-1713528.

2 Discussions 
In Rel-14 V2X, up to 2 SL processes can be used in a resource pool in a carrier, which provide one more dimension to transmit more traffic in addition to CA. From load balancing point of view, it is beneficial to distribute the traffic into more carriers since anyway a vehicle is not energy limited. Specifically, carriers with lower CBR measurements should be prioritized. The service property also needs to be considered, for example certain service may have to be limited to certain carriers. 
Proposal 1:

· Defining a rule using up to 2 SL processes in a carrier or on multiple carriers is beneficial. 

In the agreed use cases, the multiple MAC PDUs for parallel transmissions can be segmented from one same high layer packet. Similar or same link performance is expected for those multiple MAC PDUs. 
1) In Rel-14, it is possible only one resource is selected due to lack of a second available resource within 15 logical subframes before or after the selected resource. In Rel-15, if it happens that some MAC PDUs are transmitted twice while others are transmitted once, the link performance of the MAC PDUs is biased. Therefore, it is preferred to select same number of resources on each carrier for the multiple MAC PDUs whenever possible. 
2) In Rel-14, congestion control is supported and works on a per carrier basis. In the scenario different carriers have different load, it is likely that some MAC PDUs in some carriers cannot be transmitted due to congestion. Since they are belonging to the same high layer packet, dropping a MAC PDU in a carrier will result in whole high layer packet fails. The transmission of remaining MAC PDUs on carriers not congested is then useless and only increase the interference level. Therefore, it is preferred to drop all the MAC PDUs if one of them has to be dropped.  
3) In ideal case, the transmission power on each CC should have the same coverage for each MAC PDU to have roughly the same link performance. Since the traffic conditions and interference scenarios on the multiple CCs are typically different, the proper MCS could be different among the multiple CCs. In Rel-14 power control, UE transmission power is independent to MCS of data channel. As a result, it is quite likely that different coverage is achieved for the different carriers. Therefore, enhancement on PC algorithm for CA operation could be considered. 

Proposal 2:

· Similar link performance is targeted for the multiple MAC PDUs segmented from same high layer packet. 
· Same number of (re)transmissions for each MAC PDU;

· Drop all MAC PDUs if at least one MAC PDU is dropped;

· Target the same coverage for the multiple MAC PDUs.
In Rel-14, a resource after resource selection will be persistent used for 10*C reservation intervals. The reservation interval equals to 100*k. C is randomly selected from 5~15 for k >=1 and from [5~15]/k for k=1/2 or 1/5. Resource reselection can be triggered before the reservation expires if the reserved resource is not sufficient to carry the current data. If size of the high layer packet is further increased and the reserved resources in multiple carriers cannot carry the high layer packet, the UE could trigger resource reselection on one carrier or increase number of sidelink processes on one carrier, or to select resource on another carrier which does not have reserved resources at that moment, so that the persistent transmission behavior on most carriers are kept which is good for reservation based resource selection. 

Proposal 3:

· Resource reselection is triggered on one or a part of the multiple carriers, when the reserved resource is not enough to transmit the high layer packet. 

Due to half-duplex operation, a UE cannot sense the subframes which are used for its transmission in sensing window. Such skipped subframes are handled in Rel-14 through a special method. A most conservative way is adopted, in which a candidate resource is excluded if it collides with a reserved resource corresponding to the skipped subframe within any available reservation interval. For a single transmission carrier, the number of skipped subframes is not large. However, as discussed in [3], the number of skipped subframes increases in CA scenario, since a UE transmitting in a subframe on a carrier cannot sense in the same subframe on all other carriers. With increased number of skipped subframes, the remaining candidate resources is reduced which may result in increased possibility for collisions. If the remaining candidate resources become too short, a carrier cannot be used in sensing based resource selection. Exceptional pool can be used, or the data can be transmitted on other carriers with enough sensing information.  Alternatively, if UE identifies a resource selection resulting in lack of opportunity for sensing, a resource reselection can be triggered. 
Proposal 4:

· If many subframes in sensing window on a carrier cannot be sensed, UE can transmit data in exception pool, another carrier with enough sensing information. Alternatively, resource reselection is triggered if lack of opportunity for sensing is identified. 
V2X supports up to 8 PPPP levels to differentiate service priorities. Assuming multiple MAC PDUs belonging to different services are transmitted on multiple carriers. Due to the independent congestion control, it is possible a carrier carrying high priority service is congested while another carrier carrying low priority services is not congested. In such a case, it is preferred to transmit the high priority service on the non-congested carrier and drop the low priority service. 
Proposal 5:

· In case of congestion on a carrier where a high priority service is mapped, the UE can transmit the high priority service on a carrier that is not congested.
3 Conclusions
In this contribution, we provide our views on supporting mode-4 in V2X CA. Several limiting factors are discussed, including dynamic load and interference level among multiple carriers, limitation of maximum transmission power and half-duplex operations on multiple ca. The observations and proposals are,
Proposal 1:

· Defining a rule using up to 2 SL processes in a carrier or on multiple carriers is beneficial. 

Proposal 2:

· Similar link performance is targeted for the multiple MAC PDUs segmented from same high layer packet. 
· Same number of (re)transmissions for each MAC PDU;

· Drop all MAC PDUs if at least one MAC PDU is dropped;

· Target the same coverage for the multiple MAC PDUs.
Proposal 3:

· Resource reselection is triggered on one or a part of the multiple carriers, when the reserved resource is not enough to transmit the high layer packet. 

Proposal 4:

· If many subframes in sensing window on a carrier cannot be sensed, UE can transmit data in exception pool, another carrier with enough sensing information. Alternatively, resource reselection is triggered if lack of opportunity for sensing is identified. 

Proposal 5:

· In case of congestion on a carrier where a high priority service is mapped, the UE can transmit the high priority service on a carrier that is not congested.
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