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1. Introduction

During RAN2#100 meeting, carrier selection for PC5 CA mode 4 is discussed and following working assumption is reached

Working assumption:

No enhancement for the limited RX UE in RX&TX carrier selection beyond Rel-14 mechanism.
Carrier selection details was discussed during email discussion [1]. Solutions and corresponding pros and cons were discussed. In the following section, detail analysis is given to support our comments during email discussion. Besides, working assumption made in last meeting is further confirmed.
2. Discussion
2.1. Carrier selection details for mode 4 transmission on PC5
During email discussion in [1], two steps solution is assumed for carrier selection, which is as following
1. Step 1. The UE selects the candidate carriers among the carriers which are provided by upper/RRC layer (based on service type and UE capability) considering PPPP and/or CBR.
2. Step 2. Carrier selection for actual resource reservation or one shot transmission.

Analysis is given for each step
Step 1: Candidate carrier selection based on PPPP and/or CBR
Three potential solutions for carrier selection based on PPPP and/or CBR is proposed as following

1. Option 1-1. Based on the existing SL-CBR-PPPP-TxConfigList
2. Option 1-2. Based on additional CBR threshold for each PPPP
3. Option 1-3. Based on additional mapping between PPPP and carriers
Firstly, we could like to exclude option 1-3, since as illustrate in [2], 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.
The principle of option 1-1 and 1-2 is same, that both are using CBR threshold of specific PPPP as the criterion of carrier selection. The difference is, option 1-1 use CBR-PPPP mapping table is a per resource pool parameter, and PPPP-CBR threshold in option 1-2 is a per carrier parameter. However, these two options are not alternative options, since CBR-PPPP mapping table is a R14 parameter and anyway it needs to be configured for each carrier. At least such parameter needs to adjust L1 parameters and resource pool load for R14 UEs. Thus option 1-2 is actually a solution combination of CBR-PPPP mapping table and PPPP-CBR threshold.
Then in option 1-2, there actually have two CBR threshold: one for carrier CBR threshold, and one for resource pool CBR threshold. Thus configuration confliction problem may happens and this will results in decreased resource utilization efficiency. For example for specific PPPP and carrier, when per-carrier CBR threshold is set to 0.5, then R15 UE can only select this carrier when CBR results is less than 0.5. However, for each resource pool on this carrier, some per-resource pool CBR threshold maybe larger than 0.5, which means such resource pool on this carrier can be selected when CBR results is larger than 0.5, but because of per-carrier CBR threshold, such resource pool cannot be selected by R15 UEs. Thus R14 UEs and R15 UEs load is different on carriers, which is not benefit for system load balancing and actually is introducing complexity for eNB resource pool handling.
Some comments during email discussion raise the problem that there has to introduce 0 value for cr-limit, so that to limit R15 UEs not transmit on specific carrier and thus introduce new behaviour and new complexity. We want to recall that specific service is allowed on which carrier already been determined by upper layers in R14, there has no need to use 0 value for cr-limit to limit specific R15 UE transmission on specific carrier. CBR-PPPP mapping table is a unified resource pool selection criterion for R14 and R15 UE, using this parameter can reach better resource utilization efficiency and ease eNB complexity for handling resource pools on different carriers.
Proposal 1:  Suggest RAN2 to adopt option 1-1 (Based on the existing SL-CBR-PPPP-TxConfigList) as the carrier selection solution for R15 V2X UEs
Step 2: Carrier selection for actual resource reservation or one shot transmission
Many solutions are proposed for step 2, which including select carrier with lowest CBR or highest CBR based on candidate carriers that selected in step 1. By our understanding, load issue, i.e. CBR factor already been considered in step 1, thus CBR is not the main issue that should be addressed in step 2, but also should consider service QoS requirements e.g. latency requirement. In R14, it is noticed that it’s up to UE implementation to guarantee the latency requirement during UE resource selection procedure, which is as following 

NOTE:
For V2X sidelink communication, the UE should ensure the randomly selected time and frequency resources fulfill the latency requirement.

Thus for R15 UEs, it should left for UE implementation to do the final carrier and resource pool selection, so that give more flexibility for UE to guarantee service QoS requirement. To use only CBR value in step 2 will limit the UE behaviour of latency requirement guarantee, and since CBR is already considered, it is un-necessary to consider CBR again in step 2.

Proposal 2:  Suggest RAN2 to adopt option 2-1 (Up to UE implementation) as the carrier selection solution for actual resource reservation

2.2. Confirm working assumption for handling Rx limited V2X UE
During the discussion in RAN2#100, it has reached the working assumption that no enhancement for the limited RX UE in RX&TX carrier selection beyond Rel-14 mechanism. 

As discussed in [2], it is not so practical to let V2X UE have enough Rx chains for interested services, and using align carrier selection criterion for both Tx side and Rx side based on carrier priority will cause confliction with the usage of CBR for carrier selection, and also results 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. And 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 3:  Confirm the working assumption: no enhancement for the limited RX UE in RX&TX carrier selection beyond Rel-14 mechanism.

2.3. UE transmission capability handling 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 4:  When transmission capability is limited, packets with higher PPPP are guaranteed to be transmitted firstly
3. Conclusion

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

Proposal 1:  Suggest RAN2 to adopt option 1-1 (Based on the existing SL-CBR-PPPP-TxConfigList) as the carrier selection solution for R15 V2X UEs

Proposal 2:  Suggest RAN2 to adopt option 2-1 (Up to UE implementation) as the carrier selection solution for actual resource reservation

Proposal 3:  Confirm the working assumption: no enhancement for the limited RX UE in RX&TX carrier selection beyond Rel-14 mechanism.

Proposal 4:  When transmission capability is limited, packets with higher PPPP are guaranteed to be transmitted firstly
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