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1. Introduction

In RAN2#99bis meeting, carrier selection for PC5 CA mode 4 is discussed and reached the following agreements
Agreements:

1: CBR should be considered for the UEs’ Tx carrier selection in PC5 CA from RAN2 perspective.

2: Priority indicated by PPPP should be considered for the UE’s Tx carrier selection in PC5 CA from RAN2 perspective. Not closed for other factors.

3: AS is aware of candidate V2X frequencies for V2X packet transmissions, which configured by upper layers (Same as Rel-14). FFS on the additional need in Rel-15.

4: UE capability on PC5 CA should be considered for the UE’s Tx carrier selection from RAN2 perspective. However no additional specification impacts are foreseen at the moment.

5: Configuration/Preconfiguration of PC5 carriers (at least one candidate set of PC5 CC) for the UE’s Tx carrier selection (like Rel-14). FFS if further standard changes (including UE behaviors) are needed for Rel-15 eV2X.

6: From RAN2 point of view we do NOT need a PCC and SCC.

7: No need of activation/deactivation mechanism for carriers.

8: FFS on how to handle Rx limited V2X UE.

In the following section, the details of carrier selection and issues for Rx limited V2X UE are discussed.
2. Discussion
2.1. Carrier selection details for mode 4 transmission on PC5
Carrier selection factors for mode 4 transmission on PC5 were discussed in last meeting. CBR, PPPP, V2X service to frequency mapping and UE capability has been agreed to be considered for transmission carrier selection. And besides the candidate PC5 carriers are (pre)-configured. Based on those agreed factors, the expected carrier selection procedure for mode 4 transmission is shown in figure1
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Figure 1 transmission carrier selection procedure
In the step of candidate carrier set (pre)-configuration, service to frequency mapping is indicated from upper layer as the input information. Because the service to frequency mapping relationship in upper layer is set according to the regulations, and upper layer does not know the actual frequency being used in the eNB, eNB can further configure the candidate carrier set for carrier selection procedure, which could be the subset of mapped frequencies of interested V2X service by UE. Such information can be configured via system information or dedicated RRC signalling. And RRC layer will handle candidate carrier set configuration.
In the next step, transmission carrier is selected in the scope of configured candidate carrier set, CBR on each carrier, PPPP of MAC PDU and transmission capability of UE are considered as the input information. In this step, following details needs further discussion

A. How to use CBR and PPPP?

In [1], one method mentioned to use PPPP is to associate PPPP with priority of carrier, so that MAC PDU with higher PPPP can send on higher priority carrier, and MAC PDU with lower PPPP can mapped to lower priority carrier. However, such method to use PPPP may lead to confliction with the usage of CBR, since if transmission of a MAC PDU with high PPPP always be mapped to the high priority carrier, then the load on each carrier cannot be balanced based on the CBR results. Thus, when carrier selection considers both CBR and PPPP factors, it’s better not map PPPP to the carrier priority, but map CBR to the carrier priority. In this sense, MAC PDU with high PPPP can be transmitted on low CBR carrier to better guarantee the performance of the high PPPP MAC PDU. 
Besides PPPP, other QoS factors (e.g. reliability, data rate etc.) are better not to be considered. Firstly, these factors are not in the scope of PC5 QoS framework [1]; secondly those factors may have confliction with the usage of PPPP. For example, if a low PPPP service has larger data rate, do we need to prioritize such kind of packet than the packet with higher PPPP and then select a better carrier for it? To avoid such confliction of multiple factor usage, it’s better to exclude other QoS factors than PPPP.

Proposal 1:  PPPP is associated with CBR for determination of transmission carrier selection
Proposal2:  Except PPPP, other QoS related factors is excluded for determination of transmission carrier selection
B. How to consider UE transmission capability especially for multiple interested services?
When UE is interested in multiple V2X services, but has limited transmission capability, there may exist different choices to select carriers for multiple V2X services. For example, UE is interested in two V2X services, and service 1 is mapped to carrier 1 2 and 3, service 2 is mapped to carrier 2 and 3, and UE has only two transmission chains. When both services have packets to be transmitted, there can be two choices: transmit one packet for each service, or transmit two packets for service with higher priority. This is described in the following figure
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Figure 2 transmission capability consideration during carrier selection
Considered UE has only two transmission chain, in choice 1, one carrier is selected for each service, i.e. carrier 1 is selected for service 1 and carrier 3 is select for service 2, and packets from each service will be transmitted on carrier 1 and 3 respectively. And in choice 2, carrier 1 and carrier 2 are selected for service 1, to guarantee the packet transmission for higher priority service.
The difference of choice 1 and choice 2 is whether to transmit two packets of service 1 or to transmit one packet from each service. Considering PPPP is the only QoS factor, it’s reasonable that packets with higher PPPP are firstly guaranteed to be transmitted, which means choice 2 is better.
Proposal 3:  when transmission capability is limited, packets with higher PPPP are guaranteed to be transmitted firstly
Resource selection procedure can be performed together with carrier selection or after carrier selection. In last RAN2 meeting, it was agreed “For parallel transmissions on different carriers, UE RRC selects different pools on different carriers, UE MAC performs resource (re-)selection on each selected pool”, and in last RAN1 meeting, it was agreed “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”. So additional rules for resource exclusion is not precluded and more details discussions can refer to [3][4].
2.2. Discussion on handling Rx limited V2X UE
In [1], one proposal for handling Rx limited V2X UE is that V2X UE should have enough Rx chains for interested services, so that there should no need to handle Rx limited issue. However, if we follow such kind of assumptions, when UE is interested in multiple services, UE needs to support transmissions on all carriers that were mapped by different services. This is not so practical for V2X UE product implementation. Besides, R15 V2X UE transmission needs to compatible with R14 V2X UEs, at least R14 V2X UEs with limited Rx capability should be considered. Thus Rx limited V2X UE need to be handled for PC5 carrier aggregation case.
During the discussion for handling Rx limited UE, it was proposed to align carrier selection criterion for both Tx side and Rx side based on carrier priority, so that high priority packet can be transmitted/received on high priority carrier. However, as discussion in section 2.1, such kind of method will conflict with the usage of CBR. Besides, as mentioned in [2], legacy R14 V2X UE does not realize the carrier priority existence, which may result in packet loss for R14 V2X UEs especially for important service e.g. ITS safety services. 
Thus for important service that does not allow packet loss e.g. ITS safety services, it is better to guarantee the packet can be received by all V2X UEs, including different release UEs, and the UEs with different Rx capability. To realize this target, R15 V2X UEs need to monitor the carriers same as that monitored by R14 V2X UEs.
For those services that allows packet loss, which carrier to be monitored for Rx limited UEs can be left to UE implementation. Since from transmission side, transmission of different priority packets on carriers is based on carrier load but not carrier priority, it’s equal to monitor specific carrier.
Proposal 4:  Rx limited V2X UE monitor carriers that same as R14 V2X UEs for important service that does not allow packet loss e.g. ITS safety services.
3. Conclusion

In this contribution, we discuss the carrier selection details for mode 4, and the issue for handling Rx limited V2X UEs. Based on the discussion, we have the following proposals
Proposals

Proposal 1:  PPPP is associated with CBR for determination of transmission carrier selection
Proposal 2:  Except PPPP, other QoS related factors is excluded for determination of transmission carrier selection

Proposal3:  when transmission capability is limited, packets with higher PPPP are guaranteed to be transmitted firstly
Proposal 4:  Rx limited V2X UE monitor carriers that same as R14 V2X UEs for important service that does not allow packet loss e.g. ITS safety services.
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