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1   Introduction
In RAN#75 meeting, a new WI named “V2X phase 2 based on LTE” was agreed [1]. One of the objectives with RAN2 involvement is the PC5 carrier aggregation for transport of V2V messages listed as follows:
	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);


On the other hand, RAN1 has discussed PC5 CA in RAN1#88bis and RAN1#89 meetings and reached the following agreements [2]:
	· 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


According to RAN1’s agreements, the parallel transmission of different MAC PDUs as well as replicated copies of the same packet on different carriers may be considered from the transmitter perspective. From the receiver perspective, simultaneous reception over multiple carriers is assumed. 
In this contribution, we will firstly discuss the potential scenarios for PC5 CA. Then the potential impacts on RAN2 and problems to be studied are identified. The preliminary analyzes for these problems are also given in this paper.
2   Discussion
PC5 CA scenarios
Carrier Aggregation (CA) denotes that two or more Component Carriers (CCs) are aggregated in order to support wider transmission bandwidths. When it comes to PC5 CA, it means vehicle UE may simultaneously perform sidelink reception or transmission on one or multiple PC5 CCs. The potential scenarios for PC5 CA could be categorized into following cases:
· Scenario1: In coverage vehicle UE performs PC5 CA over dedicated PC5 carriers.
As shown in Figure 1(a), the vehicle UE is in E-UTRAN coverage. It transmits the V2X message to nearby UEs in sidelink. In addition to the broadcast based V2X sidelink transmission as specified in R14, it is required in TR 22.886[4] that the vehicle UE supporting V2X application should be able to support the message transfer among a group of UEs or establish direct unicast communication with another UE. Only dedicated PC5 carriers (eg. f2 and f3) are used for sidelink operation as shown in Figure 1(a). 
· Scenario 2: In coverage vehicle UE performs PC5 CA over dedicated PC5 and shared carriers.
As shown in Figure 1(b), the vehicle UE is in E-UTRAN coverage. It transmits the V2X message to one (unicast) or multiple UEs (broadcast or groupcast) in sidelink via not only dedicated PC5 carrier (eg. f3) but also shared carrier (e.g. f1, both PC5 and Uu traffic are shared on this carrier). 
· Scenario 3: Out of coverage vehicle UE performs PC5 CA over dedicated PC5 carriers.
As shown in Figure 1(c), the vehicle UE is out of E-UTRAN coverage. It transmits the V2X message to one (unicast) or multiple UEs (broadcast or groupcast) in sidelink. Only dedicated PC5 carriers (e.g. f2, f3) could be used for the sidelink communication. 
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Figure 1 PC5 CA scenarios
As we can see, similar to R14, both in coverage and out of coverage scenarios should be considered. Different from R14, the message transferring among a group of UEs or even unicast data transmission may be considered. For the simultaneous PC5 operation over multiple carriers, it has been discussed in R14 and the following scenarios are regarded with first priority [3]: 1) Band 47 + Band 47 (Contiguous concurrent operation); 2) Band 47 + Band X (Uu for V2X service); 3) Band 47 + Band Y (Uu for non-V2X service). As we can see, only dedicated carrier (Band 47) is considered for PC5 based V2X service in R14. For the sake of simplicity, it is better to keep aligned with the priority defined in R14. Namely, it is suggested to consider the dedicated PC5 carriers for PC5 CA as first priority for the phase 2 V2X. 
Proposal 1: Both in coverage and out of coverage scenario should be considered for PC5 CA.
Proposal 2: In addition to broadcast, the groupcast and unicast are suggested to be considered for PC5 CA. 
Proposal 3: RAN2 is suggested to consider the dedicated PC5 carriers for PC5 CA as first priority for the phase 2 V2X.
Design considerations for PC5 CA
In this section, we will discuss the potential impacts on RAN2 when enabling the PC5 CA. The problems to be studied and some preliminary analyses are also presented.
Resource allocation for PC5 CA
In R14, both mode 3 (eNB scheduled resource allocation) and mode 4 (sending based UE autonomous resource selection) are specified for vehicle UE’s sidelink transmission. When it comes to PC5 CA, it is necessary to investigate how it could be used.
For the Scenario 1 where in coverage vehicle UE performs PC5 CA over dedicated PC5 carriers, the in coverage vehicle UE may utilize the pre-provisioned V2X sidelink resource configuration of PC5 dedicated carrier for sidelink communication if the Uu carrier does not provide any V2X resource configurations of PC5 dedicated carrier. Alternatively, the Uu carrier (f1) may provide the V2X sidelink resource configuration of PC5 dedicated carriers to vehicle UE. In this case, not only mode 4, but also mode 3 resource allocations could be supported by means of cross-carrier scheduling. However, it is questionable if different resource allocation modes could be used for different CCs of PC5 CA. For example, the mode 3 is used for PC5 dedicated carrier f2 whereas mode 4 is used for PC5 dedicated carrier f3. In our opinion, whether mode 3 or mode 4 is used depends on the network configuration. It is not necessary to mandate the unified resource allocation mode among aggregated PC5 CCs. 
For the scenario 3 where out of coverage vehicle UE performs PC5 CA over dedicated PC5 carriers, the V2X sidelink RX/Tx resource pool configurations of dedicated PC5 carriers should be pre-provisioned to the vehicle UE. Only mode 4 resource allocation could be supported in this scenario.
Another potential resource allocation issue is cross carrier SCI scheduling. As agreed in RAN1#89, PSCCH and its associated PSSCH are transmitted in same carrier. However, it does not preclude the case that PSCCH contains information about other carriers. For the cross carrier SCI scheduling, it has a lot of RAN1 specification impact. RAN2 is suggested to wait for RAN1’s progress. 
Proposal 4: Whether mode 3 or mode 4 resource allocation is used on different CCs of PC5 CA depends on the network configuration. It is not necessary to mandate the unified resource allocation mode among aggregated PC5 CCs.
CC selection for PC5 CA
When vehicle UE initiates sidelink transmission with high data rate or high reliability requirement, it is necessary to trigger the PC5 CA operation. In this case, which CCs and how many CCs should be selected needs to be considered. Generally speaking, the factors that impact the CC selection are listed as follows:
· Vehicle UE’s PC5 simultaneous Rx/Tx capability: vehicle UE’s simultaneous Rx/Tx capability determines on which CCs the vehicle UE could perform PC5 CA. Vehicle UEs may have different sidelink Rx/Tx capabilities. The PC5 CC selection should be based on vehicle UE’s Rx/Tx capability.
· Mapping between V2X service type and CC: As specified in R14, a mapping between service types and V2X frequencies is configured by upper layer. The UE should ensure a service to be transmitted on the corresponding frequency. It means that the CCs selected for PC5 CA should also consider the V2X service type. 
· QoS requirements: If the V2X service requires high data rate or reliability, more than one CC may be required to achieve the data duplication or data split transmission respectively. How many CCs are necessary depends on the specific QoS requirements. According to the existing QoS design in R14 V2X, only PPPP and PDB are considered. The PER and data rate relevant QoS parameter need to be further considered in the sidelink QoS design. 
· Loading status: The loading status of carriers could be considered when selecting the CC for PC5. For example, if one PC5 CC1 is overloaded, it is natural to turn to other CCs for PC5 CA from the perspective of load balance.  CBR is specified in R14 to reflect the congestion status of sidelink resource pool. It could be leveraged in the CC selection for PC5 CA. 
· CC measurement result: For Uu CA, UE has to measure a carrier before it could be configured as one of the CCs. When it comes to the unicast based sidelink communication, it is possible to require the vehicle UEs to also perform sidelink measurement of PC5 carriers. If the measurement result of a given carrier is good enough, this carrier could be regarded as CC candidates for PC5 CA operation. 
In a word, the CC selection for PC5 CA should consider the following factors: 1) vehicle UE’s PC5 simultaneous Rx/Tx capability; 2) mapping between V2X service type and CC; 3) QoS requirement; 4) carrier loading status; 5) CC measurement result. As we can see, not only AS layer but also NAS layer may be involved in the CC selection decision. 
Proposal 5: RAN2 is suggested to consider the following factors for CC selection of PC5 CA: 1) vehicle UE’s PC5 simultaneous Rx/Tx capability; 2) mapping between V2X service type and CC; 3) QoS requirement; 4) carrier loading status; 5) CC measurement result. 
PC5 CA configuration
After the CC selection, it is necessary to configure the vehicle UE to perform the CA based sidelink transmission/reception. As we know, for the Uu CA configuration, UE is configured with UL CCs and DL CCs. However, the UL CC and DL CC are not applicable to sidelink. The PC5 CA configuration is essentially used to tell vehicle UE on which carriers to transmit/monitor. Generally speaking, the PC5 CA configuration could be divided into the following three cases:
· Sidelink Broadcast
When vehicle UE transmit sidelink broadcast, it may autonomously decide whether PC5 CA should be enabled, which CC should be selected and then perform the sidelink broadcast transmission over multiple PC5 carriers. For the receiver UE, it may be configured to simultaneously receive over all PC5 carriers. Alternatively, the receiver UE may be configured with the mapping between service types and V2X frequencies by upper layer. In this case, the receiver UE may be configured only receiving over the PC5 carriers that mapped to its interested V2X services. 
On the other hand, eNB may broadcast the PC5 carrier(s) information, e.g. carrier frequency information, the V2X service type supported on the carrier, etc. Upon receiving such PC5 carrier configuration information, both the transmitter and receiver UE could decide which CC should be used for PC5 CA and then start the sidelink transmission/reception over the configured CCs correspondingly. 
· Sidelink groupcast
For the sidelink groupcast, it may use the same PC5 CA configuration mechanism as described for sidelink broadcast. In addition, the multicast group over PC5 may be managed by network control entity, such as group management server. It may provision additional SL carrier aggregation information to group member UE. 
· Sidelink unicast
Sidelink unicast communication usually happens between two UEs (UE1 and UE2 for example). They firstly need to establish the direct sidelink connection on a given carrier. Suppose UE1 decides to establish another SL link to improve the data rate or reliability, UE1 may trigger the PC5 CA configuration with UE2. After the PC5 CA configuration, UE1 and UE2 initiate the sidelink transmission/reception over the configured CCs. Similar to the Uu CA, the PC5 CA configuration may support the PC5 CC add/change/release operation based on the PC5 carrier measurement result. 
Proposal 6: RAN2 is suggested to consider PC5 CA configuration of sidelink broadcast, sidelink groupcast and sidelink unicast respectively. 
It should be noted that in Uu CA, the CCs are divided into PCC and SCC. The serving cell on PCC provides the RRC connection maintenance, NAS mobility information and security input whereas all the other CCs which provide the radio resources are regarded as SCCs. When it comes to the PC5 CA, it is questionable if the PC5 CCs should also be divided into PCC and SCC. In our opinion, it is also beneficial to differentiate the PCC and SCC for PC5 CA. To be specific, PCC may be responsible for the delivery of PC5 control signaling, e.g., NAS control signaling, PC5 AS control signaling, MAC CE, etc. SCC only carries V2X service data. 
Proposal 7: PC5 CCs could be divided into PCC and SCCs. Among them, the PCC could be used to deliver the PC5 control signalling whereas SCC is only used to deliver V2X service data.
PC5 CA activation/deactivation
Considering the dynamic change of V2X traffic, vehicle UE does not always require the simultaneous transmission over multiple PC5 carriers. In this case, the vehicle UE may update the PC5 CA configuration to release several CCs. On the other hand, the SCC activation/deactivation mechanism may be leveraged in PC5 CA. To be specific, if the vehicle UE does not need to transmit over multiple PC5 carriers, it may send the CC deactivation indication to the receiver UE. In this way, the power efficient sidelink reception could be achieved. 
Proposal 8: PC5 CC activation/deactivation may be considered to achieve the power efficient sidelink reception.
3   Conclusion
In this contribution, we discussed the potential scenarios for PC5 CA. Then the potential impacts on RAN2 and problems to be studied were identified. The preliminary analyzes for these problems were also given in this paper. And we have the following observations and proposals:
Proposal 1: Both in coverage and out of coverage scenario should be considered for PC5 CA.
Proposal 2: In addition to broadcast, the groupcast and unicast are suggested to be considered for PC5 CA. 
Proposal 3: RAN2 is suggested to consider the dedicated PC5 carriers for PC5 CA as first priority for the phase 2 V2X.
Proposal 4: Whether mode 3 or mode 4 resource allocation is used on different CCs of PC5 CA depends on the network configuration. It is not necessary to mandate the unified resource allocation mode among aggregated PC5 CCs.
Proposal 5: RAN2 is suggested to consider the following factors for CC selection of PC5 CA: 1) vehicle UE’s PC5 simultaneous Rx/Tx capability; 2) mapping between V2X service type and CC; 3) QoS requirement; 4) carrier loading status; 5) CC measurement result. 
Proposal 6: RAN2 is suggested to consider the PC5 CA configuration of sidelink broadcast, sidelink groupcast and sidelink unicast respectively. 
Proposal 7: PC5 CCs could be divided into PCC and SCCs. Among them, the PCC could be used to deliver the PC5 control signalling whereas SCC is only used to deliver V2X service data.
Proposal 8: PC5 CC activation/deactivation may be considered to achieve the power efficient sidelink reception.
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