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1. Introduction

A new work item for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886 was approved in RAN plenary #75. The following topics are part of the detailed objectives of this work item [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);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
In RAN1#89 meeting, the following agreements were achieved for eV2X carrier aggregation [2]. 
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 

In this contribution, we discuss how to support mode 4 in carrier aggregation. Mode 3 support in eV2X carrier aggregation is discussed in companion contribution [3], and the topic of at which layer duplication is done is discussed in [4]
2. Design Aspects of Mode 4 in Sidelink Carrier Aggregation
2.1. Mapping between services and carriers
According to the WID, up to 8 PC5 carriers are supported in eV2X. While in Rel-14 V2X, only one carrier was assumed and safety related message transmitted on that, such as CAM and DENM. To be backward compatible with Rel-14 V2X, it is natural that basic safety message are mapped onto Rel-14 carrier so that Rel-14 UE can decode it and other kinds of messages, such as platooning, sensor data, are mapped to other carriers.

Proposal 1: Different types of service are mapped onto different carriers. For example, basic safety message is mapped onto carrier used by Rel-14 UE, other kinds of message are mapped onto other carriers. 
2.2. Carrier selection

From the transmitter’s perspective, up to 8 PC5 carrier can be used for transmission. Which carrier is selected to be used for a specific MAC PDU needs to consider the following aspects.

· Service type: 
If there is mapping between services and carriers, one kind of service can be only transmitted on one or several corresponding carriers.

· Priority:

In Rel-14, up to 8 levels of PPPP are defined. The service with different PPPP level can be mapped to different carriers. For example, PPPP level 0, such as basic safety message, is mapped to carrier 1; PPPP level 1, such as platooning, is mapped to carrier 2; PPPP level 2, such as entertainment related message, is mapped to carrier 3. The service with higher priority can be transmitted on the carriers whose corresponding priority is lower than the service. Therefore, if there is mapping between priority and carriers, the carrier is selected based on the service’s priority.
· Load balancing: UE can measure CBR per carrier, which reflects the congestion level of each carrier. To avoid congestion and transmission collision as much as possible, the carrier with low CBR can be used for transmission. 
Proposal 2: Which carrier can be used for transmission depends on several aspects, such as service type, priority, and CBR/CR.
It was agreed that replicated copies of the same packet can be transmitted on multi-carriers to increase reliability [2]. In Rel-14, one packet can be transmitted two times with different RV on the same carrier. Whether a packet can be transmitted on multi-carriers or multi-TTIs maybe left for UE implementation on condition that it can fulfill the QoS requirement. For example, multi-carrier transmission can be used for the packet which requires low latency and/or high reliability, since the packet can be transmitted on up to 8 carriers at the same time which can improve reliability. While one of the drawback of multi-carrier transmission is power sharing among carriers which affects the coverage.
Proposal 3: It can be left for UE implementation whether to transmit on multi-carriers or multi-TTIs.
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Figure 1 Illustration of multi-carriers and multi-TTIs transmission

2.3. Cross-carrier scheduling

It was agreed that PSSCH and its associated PSCCH are transmitted in the same carrier. But it does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID. According to the WID, it is required that Rel-15 functionality 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). SCI format 1 is used in Rel-14 [5]. If cross-carrier scheduling is supported, only the reserved bits in SCI format 1 can be used to indicate the time/frequency resource of packet in another carrier. The minimum number of reserved bits in SCI format 1 is 7. It is hardly to use them to indicate both time and frequency resource of another carrier if the packets in two carriers are transmitted at different time. If they are transmitted at same time in different carriers, that will introduce restriction for the resource selection and reservation across carriers.
Observation 1: 

· If packets on different carriers are transmitted at different time, it is hardly to use the reserved bits in SCI format 1 to indicate both time and frequency resource in another carrier. 

· If packets on different carriers are transmitted at the same time, that will introduce restriction for the resource selection and reservation across carriers.
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Figure 2 Cross-carrier scheduling

Furthermore, the benefit to support cross carrier scheduling is not clear. One possible argument is it can improve reliability and do HARQ combination. While that depends on at which layer the duplicate transmission is done. If the duplicate transmission is done at PDCP or RLC layer [4], there will be no HARQ combination. 
Proposal 4: Whether cross carrier scheduling needs to be supported is related to RAN2’s work.
2.4. 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, UE can do sensing independently per carrier. And the CBR/CR measurement is independent per carrier. For the resource selection and reservation across multi-carriers, that 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 3 Resource selection in different cases of carrier aggregation
Proposal 5: Sensing and CBR/CR measurement is independent per carrier.
Proposal 6: 
· 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.
In Rel-14, resource reselection will be triggered when Cresel is equal to 0 and the randomly generated number between [0, 1] is larger than the parameter Prob_keep (probResourceKeep). For multi-carrier case, if different packets are transmitted on different carriers, independent Cresel and Prob_keep are configured per carrier. And resource reselection is triggered independently per carrier, i.e., resource reselection is triggered on one carrier will not trigger resource reselection on other carriers. If multiple replications of the same packet are transmitted on different carriers, the same Cresel and Prob_keep are configured across the carriers. Resource reselection will be done at the same time on multi-carriers.
Proposal 7: 

· If different packets are transmitted on different carriers, independent Cresel and Prob_keep are configured per carrier and resource reselection is triggered independently per carrier
· If multiple replications of the same packet are transmitted on different carriers, the same Cresel and Prob_keep are configured across the carriers. Resource reselection will be done at the same time on multi-carriers.
3. Conclusions
In this contribution, some design aspects of mode 4 in carrier aggregation are discussed. The following observations and proposals are given:

Proposal 1: Different types of service are mapped onto different carriers. For example, basic safety message is mapped onto carrier used by Rel-14 UE, other kinds of message are mapped onto other carriers. 

Proposal 2: Which carrier can be used for transmission depends on several aspects, such as service type, priority, and CBR/CR.

Proposal 3: It can be left for UE implementation whether to transmit on multi-carriers or multi-TTIs.

Observation 1: 

· If packets on different carriers are transmitted at different time, it is hardly to use the reserved bits in SCI format 1 to indicate both time and frequency resource in another carrier. 

· If packets on different carriers are transmitted at the same time, that will introduce restriction for the resource selection and reservation across carriers.
Proposal 4: Whether cross carrier scheduling needs to be supported is related to RAN2’s work.
Proposal 5: Sensing and CBR/CR measurement is independent per carrier.

Proposal 6: 
· 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.
Proposal 7: 

· If different packets are transmitted on different carriers, independent Cresel and Prob_keep are configured per carrier and resource reselection is triggered independently per carrier
· If multiple replications of the same packet are transmitted on different carriers, the same Cresel and Prob_keep are configured across the carriers. Resource reselection will be done at the same time on multi-carriers.
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