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1 Introduction
The necessity of defining an Rx carrier selection mechanism to avoid reception missing was discussed in [1]. In this contribution, we will give further analysis and provide potential solutions for the Rx carrier selection.
Compared with the earlier version, more details are provided in this revision. 
2 Discussion
For an Rx UE, it may needs to simultaneously monitor multiple carriers since:

· Data of different V2X services (e.g. safety/non-safety services) may be transmitted on different carriers as per regulation;

· Different data of the same V2X service may be distributed on more than one carriers to increase data rate, e.g. sensor data generated by the camera and/or the radar that equipped on vehicle.
· Duplicated date of the same V2X service may be transmitted on different carriers to increase reliability, e.g. some management related signalling for platooning or advanced driving, which generally require high reliability.

According to the following objective listed in the WID of 3GPP V2X Phase 2 [2], the upper bound of carriers that an Rx UE needs to simultaneously monitor can up to 8 carriers.
	· 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);


However, considering the situation in practice, especially in the early stage of LTE-V2X deployment, we cannot assume all the V-UEs will be equipped with sufficient Rx chains at once, meaning that part of the V-UEs may suffer from their poor reception capabilities. On the other hand, since the typical lifetime of a vehicle is nearly 10+ years, the V-UEs equipped on these vehicles with limited Rx chains may be consistently present in the cellular based V2X system for a long period of time. Besides, the same constraint on Rx chains will also appear to most of P-UEs, since cost and power saving are the critical factors need to be considered for P-UEs. Even if we can assume that part of the P-UEs may have sufficient Rx chains to receive all their interested V2X services on multiple PC5 carriers, the demand of power saving still requires them to turn off as many Rx chains as they can. Therefore, the presence of UEs with Rx chain limitation is a common case for PC5 carrier aggregation in practice.
Observation 1: The presence of UEs with Rx chain limitation is a common case for PC5 carrier aggregation in practice.
According to the LTE-V2X specification in Release 14, multiple Rx chains should be supported in UE and how to select Rx carrier is up to UE implication. In Rel-14, it is not a big issue since Rx UEs are mainly to receive the road safety related V2X services to get the status information (e.g. position, speed and heading, etc.) of the surrounding TX UEs. Such a basic set of road-safety related V2X messages may not require high reception capability generally. 
However, in eV2X, more advanced V2X services including platooning, sensor sharing (e.g. camera or radar), and advanced driving are required to be supported, and these services have higher requirements of data rate, reliability and latency. Thus, more carrier frequencies will be used for sidelink transmission besides the ones used for road safety related services, from the transmission perspective. As a result, the requirement of reception capability is increased correspondingly, in order to make the Rx UEs able to receive their interested V2X services as much as possible. One way to achieve this purpose is to equip enough Rx chains on UEs and thus enable them to randomly monitor any carrier they are interested in monitoring. For these kind of UEs, how to select Rx carrier(s) to improve the reception efficiency is not an issue and they can just follow the monitoring procedure that specified in release 14. 
Observation 2: If a UE has sufficient Rx chains to monitor all possible carriers on which its interested service(s) may be sent, Rx carrier selection does not need to be considered.
However, as mentioned in Observation 1, a considerable number of UEs presented in the cellular based V2X system may be with limited Rx chains. If RAN2 leaves the RX carrier selection for implementation, an improper Rx carrier selection could frequently happen and thus cause carrier mismatch problem between Tx and Rx as we thoroughly analyzed in our complementary paper [1]. This would cause the bad consequent that a series of critical V2X messages (such as control signalling or sensor data) will be missed. The loss of these critical data may cause also hazard that may not be less, or may be even more, severe than losing a traditional safety message like CAM or DENM.

Observation 3: If Rx carrier selection is up to UE implementation, the UEs with limited Rx chains are likely to miss a considerable portion of V2X messages transmitted from nearby UEs.
Therefore, for the UEs with constraint on their reception capabilities, a proper Rx selection mechanism should be careful designed in order to minimize the reception missing among different carriers. 
Specifically, for a UE that are interested in receiving multiple types of V2X services with limited Rx capability, we think how to select the V2X service(s) it is interested to monitor is up to UE implementation. However, how to select a proper carrier for a certain type of V2X service that the Rx UE chooses to monitor should be specified to minimize the reception missing.
Proposal 1: A proper Rx carrier selection mechanism is needed for the UEs with limited Rx capability, in order to minimize the reception missing for its interested service(s) over different PC5 carriers. How a UE selects the specific service type(s) it is interested to receive is up to UE implementation.  
In principle, we think both of transmission performance and Rx capability should be taken into account for designing the criterion of PC5 carrier selection. Considering the presence of the UEs with limited Rx chains, the frequencies actually used for transmitting a certain type of V2X service should be as concentrated as possible, so as to reduce the requirement of reception capability for Rx UEs. Also, as our analysis in [1], Rx carrier selection should be designed in conjunction with Tx carrier selection; otherwise, without suitable coordination between Rx carriers selected and Tx carriers selected, the mismatch between the two can still exist and results in reception loss, no matter how Rx carrier selection and Tx carrier selection are designed individually. 
Then based on above design principles, a feasible Rx carrier selection may work in the following way. From the reception perspective, we think a carrier selection order that is corresponding to the applicable frequencies can be (pre)configured to the UEs with limited Rx chains for their reception. Then, when an Rx UE is interested in receiving a specific V2X service, it just selects as many Rx carriers as it can following this (pre)configured carrier selection order, within the applicable frequencies associated with this V2X service. 
As the counterpart at the transmission side, the same order for carrier selection is also (pre)configured to the UEs for their transmissions. However, each UE will select it Tx carrier by considering this (pre)configured order together with CBR and PPPP, instead of merely following that carrier selection order blindly, in order to balance the transmission performance and Rx capability limitation.  For example, a UE can first determine some usable carrier frequencies, whose CBRs are below the corresponding CBR thresholds and which are associated with the PPPP of the data to be transmitted; then, it can choose a specific carrier frequency as per the (pre)configured carrier selection order among these usable carrier frequencies refined from CBR and PPPP as above. More details on the Tx side can be also found in our complementary paper in [3]. 
With the above method, the UE at Tx side will always choose a carrier ranking as in the front as possible following the (pre)configured carrier selection order, only till the carrier’s load situation is not acceptable (exceeding the CBR threshold) so that the Rx carriers selected by a limited-Rx-capability UE, which also follows the same order, can align with the Tx carriers actually transmitted by other surrounding UEs, as much as possible. 
This can, on the one hand, make the Tx and Rx carriers selected as aligned with each as possible thus avoiding the reception missing, and, on the other hand, address the concerns from some companies that Tx always influx onto one single carrier by following a stringent priority order without any consideration on congestion. Also, it can be seen that, in the above method, a common carrier selection order applied to all UEs for both their Rx and Tx carrier selection should be (pre)configured by the network in a system level. 
Based on the analyses above, the Rx carrier selection mechanism is proposed as follows.
Proposal 2: A system-level carrier selection order, in which each carrier frequency should be selected, can be (pre)configured for Rx UEs as well as Tx UEs. An Rx UE with limited Rx capability shall monitor the carrier frequencies associated with its interested V2X service(s) as per this order.   
3 Conclusion

In this contribution, we give further analysis for Rx carrier selection and then provide the potential solution, the observations and proposals are:  
Observation 1: The presence of UEs with Rx chain limitation is a common case for PC5 carrier aggregation in practice.
Observation 2: If a UE has sufficient Rx chains to monitor all possible carriers on which its interested service(s) may be sent, Rx carrier selection does not need to be considered.
Observation 3: If Rx carrier selection is up to UE implementation, the UEs with limited Rx chains are likely to miss a considerable portion of V2X messages transmitted from nearby UEs.
Proposal 1: A proper Rx carrier selection mechanism is needed for the UEs with limited Rx capability, in order to minimize the reception missing for its interested service(s) over different PC5 carriers. How a UE selects the specific service type(s) it is interested to receive is up to UE implementation. 
Proposal 2: A system-level carrier selection order, in which each carrier frequency should be selected, can be (pre)configured for Rx UEs as well as Tx UEs. An Rx UE with limited Rx capability shall monitor the carrier frequencies associated with its interested V2X service(s) as per this order.  
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