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1. Introduction
During RAN2#99 meeting, several topics on PC5 CA are intensively discussed, e.g. use cases, Tx carrier selection, limited Rx chains. It is agreed that Use case 1 (parallel transmission of MAC PDU with different payloads) and Use case 3 (simultaneous reception over multiple carriers) should be supported. And RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers). Also it is FFS on how to handle limited Rx chains [1]. Meanwhile, an email discussion is initiated to discuss the selection of Tx carriers [2]. 
In this contribution, we focus on the Tx carrier selection in PC5 CA, taking in to account the limited Rx chains. We first discuss the impacting factors for Tx carrier selection. And then, we discuss the Tx carrier selection procedure for mode 3 and mode 4 UEs respectively. At last we present some considerations on the limited Rx chains and the PC5 CA configurations related to Tx carrier selection.
2. Discussion
2.1 Tx carrier selection
When multiple carriers could be used for V2X sidelink transmission with PC5 carrier aggregation, the first question is how to select suitable carrier(s) for the transmission of V2X packets. As discussed in the email discussion [2], a majority of companies agree that the following factors should be considered as criteria for Tx carrier selection: 1) service type; 2) PPPP; 3) CBR measurement; 4) UE’s PC5 CA capability. However, there are still different views between companies with regard to service type and other QoS factors, such as required reliability and or required data rate of the V2X packet. 
With regard to service type, it is no doubt that service type should be considered as criteria for Tx carrier selection along with the mapping between the service type and V2X frequencies. However, it is suggested to discuss if either/both of them need to be visible in the AS layer or have any RAN2 impact. As we know, The question is whether the Tx carrier selection based on service type is fulfilled in AS or upper layer. If the Tx carrier selection based on service type is fulfilled in upper layer, the upper layer in the UE shall determine a set of candidate frequencies according to the service type of the data packet, and the mapping between service type and V2X frequencies. Then the upper layer shall deliver the set of candidate frequencies associated with each data packet to the AS layer for further Tx carrier selection. Alternatively, the UE’s upper layer could deliver the data packet with associated service type, as well as the mapping between service type and frequencies to UE’s AS layer. In this option, the mapping between service type and frequencies could be delivered to AS layer statically, i.e. doesn’t need to be delivered per data packet. As the consequence, the AS layer could determine the candidate set of frequencies. As we know, it has been captured in TS 36.300 that “for the case where multiple frequencies for V2X are supported, a mapping between service types and V2X frequencies is configured by upper layers. The UE should ensure a service to be transmitted on the corresponding frequency.” And it is already captured in TS 24.386 that the V2X service identifier of the V2X service for the V2X message is indicated from upper layer to AS layer. As a result, it could be concluded that it is already supported for upper layer to deliver the service type for each data packet and the mapping between the service type and V2X frequency to AS layer. In this situation, the Tx carrier selection based on service type is fulfilled in AS layer. 
Proposal 1: It is already supported for upper layer to deliver the service type for each data packet and the mapping between the service type and V2X frequency to AS layer. For mode 4, the Tx carrier selection based on service type is fulfilled in AS layer. 
As for QoS related factors, it mainly includes the following parameters: priority, data delay budget, packet data rate, and reliability requirement of the data packet intended to be transmitted in sidelink. As we know, the priority information (i.e. PPPP) could be delivered from upper layer to AS layer along with each data packet in the UE. And the UE could derive the packet delay budget from the PPPP value based on the configured mapping defined in CT1. However, it is hard to derive the packet data rate and reliability requirement from the PPPP. For example, it is not always valid packets with high PPPP value are associated with high reliability and or high data rate. In our opinion, the packet data rate and reliability requirement of the data packet are important criteria for Tx carrier selection. If the V2X service requires either high data rate or reliability, more than one CC may be required to achieve the data duplication or data split transmission correspondingly. The number of required CCs depends on the specific packet data rate and reliability requirements. As a result, RAN2 is suggested to consider the data rate and reliability relevant QoS parameter for Tx carrier selection. 
 Proposal 2:  QoS requirements related to packet data rate and reliability should be considered as criteria in Tx carrier selection. 
For mode 3 resource allocation, Tx carrier selection and resource selection is performed by the eNB. In R14 V2X, the eNB could derive the packet delay budget from the PPPP based on the mapping between PPPP and LCGID. However, the eNB has no idea of the service type and other QoS requirements such as reliability of the data packet to be transmitted. As analyzed above, it is necessary for the eNB to obtain the service type and reliability relevant QoS parameter of the data packet to be transmitted in sidelink from the UE before the eNB decides how many and which carrier should be used for mode 3 resource allocation. 
Proposal 3: For mode 3, UE shall report service type and reliability relevant QoS requirements to the eNB in order to assist the carrier selection and resource scheduling in the eNB.
2.2 Considerations on limited Rx chain
Considering that some V-UEs/P-UEs may have limited numbers of Rx chains, simultaneous reception on at most all 8 carriers is not supported in those UEs. As discussed in the email discussion [2], some company proposes to introduce a priority order for the PC5 CCs which could be configured by the eNB to resolve the Tx- Rx mismatch problem. If several frequencies could be used for one service type, the UE selects the CC according to the PPPP of the data packet and the priority of the frequency. However, if the PC5 CCs are configured with a priority order for carrier selection, it is likely that some of the CCs are overloaded while other CCs are seldom used. The total PC5 CCs are not fully utilized. On the other hand, considering the data split or data duplication on multiple carriers, the Tx UE needs to transmit over multiple carriers for the data packets of certain service type. If the Rx UE is interested to receive the data packet of this service type, it has to be implemented to be able to receiver over multiple available carriers. Otherwise, it inevitably misses some packets. Even if priority order is defined, it could not completely solve the problem. Furthermore, considering the priority order for the PC5 CCs is configured by the eNB, the Tx-Rx mismatch problem may exist in the inter-eNB scenario, i.e. when the Tx UE and Rx UE are not in the same eNB and different priority order of PC5 CCs are configured in the two eNBs. 
In our opinion, when performing V2X sidelink reception, the UE shall just monitor its interested frequencies/CCs based on the interested V2X service type. And Rx carrier selection is not needed for UEs with limited Rx capability for PC5 CA. If the UE is not able to perform receiving on all of the interested frequencies/CCs simultaneously, it is up to UE implementation to determine which frequencies/CCs to receive, e.g. only receive on the frequencies of one or more V2X services.  
Proposal 4: Rx carrier selection is not needed for UEs with limited Rx capability for PC5 CA. If the UE is not able to perform receiving on all of the interested frequencies/CCs simultaneously, it is up to UE implementation to determine which frequencies/CCs to receive.
2.3 PC5 CA configurations related to Tx carrier selection
After the CC selection, it is necessary to configure the vehicle UE to perform the CA based sidelink transmission/reception. As we know, 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 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. And one common PCC and one common set of SCC(s) could be configured for vehicle UE regardless of service type.  
Proposal 5: 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.
On the other side, 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, the CC activation/deactivation indication could be sent to the transmitter UE/receiver UE via Uu or PC5 signaling. In this way, the power efficient sidelink reception could be achieved. 
Proposal 6: PC5 CC activation/deactivation indication could be sent to the transmitter UE/receiver UE via Uu or PC5 signaling.
3. Conclusion
In this paper, we discussed the factors for Tx carrier selection. And then, we discussed the Tx carrier selection procedure for mode 3 and mode 4 UEs respectively. At last we presented some considerations on the limited Rx chains. And we have the following observations and proposals:
Proposal 1: It is already supported for upper layer to deliver the service type for each data packet and the mapping between the service type and V2X frequency to AS layer. For mode 4, the Tx carrier selection based on service type is fulfilled in AS layer. 
 Proposal 2:  QoS requirements related to packet data rate and reliability should be considered as criteria in Tx carrier selection. 
Proposal 3: For mode 3, UE shall report service type and reliability relevant QoS requirements to the eNB in order to assist the carrier selection and resource scheduling in the eNB.
Proposal 4: Rx carrier selection is not needed for UEs with limited Rx capability for PC5 CA. If the UE is not able to perform receiving on all of the interested frequencies/CCs simultaneously, it is up to UE implementation to determine which frequencies/CCs to receive.
Proposal 5: 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 6: PC5 CC activation/deactivation indication could be sent to the transmitter UE/receiver UE via Uu or PC5 signaling.
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