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1   Introduction
During RAN1#89 meeting, regarding to the discussion of the objectives for phase II V2X WI, some primary results about PC5 CA have been proposed and the agreements are listed below. Moreover, during RAN2#99 meeting, RAN2 made some further research and data split based PC5 CA use case was agreed to be supported. During RAN2#99bis meeting, it has been confirmed that packet duplication based PC5 CA shall also be supported in R15 V2X.
	RAN1#89 Agreements:
· 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
RAN2#99 Agreements
· Use case 1 and 3 should be supported.
· FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based       on the different mechanism.
RAN2#99bis Agreements
· Agreed with the need of packet duplication



As we know, both data split and data duplication requires the V2X UE to transmit via multiple different carriers. When it comes to the mode 3 sidelink resource allocation, it is doubtful whether the eNB could allocate the V2X sidelink resource of different carriers appropriately. Here, in this contribution, we will investigate the mode 3 V2X sidelink resource request and allocation mechanism. The potential resource request scenarios for PC5 CA will be identified and the possible issues will be analyzed. 
2   Discussion
 Overview of R14 mode 3 resource request and allocation
According to TS 36.300, UE in RRC_CONNECTED may send a SidelinkUEInformation message to eNB when UE becomes interested in V2X sidelink communication. Within this message, UE would indicate the carrier frequencies on which the UE is interested to transmit V2X sidelink communication as well as the destinations (corresponding to different V2X traffic types) for V2X sidelink communication. In response, the eNB may configure the UE with a SL-V-RNTI as well as the mode 3 V2X transmission resource pools on those requested carrier frequencies. Then the UE sends SL BSR to the eNB, which include the destination index, logical channel group ID and buffer size. Note that the destination index corresponds to the index of the destinations reported via SidelinkUEInformation message. Suppose multiple destinations lists for different carrier frequencies are reported, the value is indexed sequentially across all the lists.  Based on the SL BSR, the eNB can determine that the UE has data for V2X sidelink transmission and estimate the resources needed. Moreover, the eNB can determine which carrier the UE request resource. As we mentioned before, the destination index is associated with the destinations list for specific carrier frequencies. So the eNB may derive the carrier frequency based on the destination index field in SL BSR and then schedule V2X sidelink transmission resource of this specific carrier frequency to UE via cross-carrier scheduling. 
Observation 1: In R14, the destination index included in SL BSR could implicitly indicate the carrier frequency on which UE request V2X sidelink transmission resources. So UE can request V2X sidelink resources of specific carrier towards eNB.
Observation 2: The eNB may allocate V2X sidelink transmission resources of different carriers to UE via cross-carrier scheduling. 
PC5 CA scenarios 
When it comes to the PC5 CA, it is necessary to investigate whether the R14 V2X mode 3 resource request and allocation mechanism could be directly reused. In this section, we will look into the logical channels established for data split and data duplication use cases respectively and discuss the potential mapping between logical channels and carriers. 
· Data split
For data split based PC5 CA, it is generally assumed that the data is split at MAC layer. It means that for a specific PC5 radio bearer, the corresponding logical channel may be associated with multiple carriers (e.g., f1, f2 or f3) selected to perform the data split as shown in Figure 1. In this case, the MAC entity could use the sidelink grant of these three carriers to assemble the MAC SDU for this logical channel. 
· Data duplication 
For packet duplication, it is not yet determined at which layer the PC5 data duplication should be done, for example, PDCP or MAC. Suppose the PDCP data duplication is used, multiple logical channels shall be established corresponding to one PC5 radio bearer. In order to ensure that the data packets from these logical channels are not transmitted via the same carrier, one to one mapping between logical channel and carrier should be configured as shown in Figure 2. In this case, the MAC entity could only use the sidelink grant of f1 to assemble the MAC SDU of logical channel 1 and use sidelink grant of f2 to assemble the MAC SDU of logical channel 2 respectively. 
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Figure 1 Illustration of PC5 logical channels for data split
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Figure 2 Illustration of PC5 logical channels for data duplication
· Combination of data duplication and data split
Certain V2X service type may require high data rate and high reliability at the same time. In this case, the V2X data may be firstly duplicated in PDCP layer and then split in MAC layer. In this case, multiple RLC entities/logical channels shall be established corresponding to one PC5 radio bearer. The PDCP entity duplicates the PDCP PDU and delivers the replicated copies of the same packet to multiple different RLC entities/logical channels. For each logical channel, a non-overlapping set of carriers should be configured to support the data split as shown in Figure 3. As we can see, the sidelink grant of f1, f2 or f3 could be used to assemble the MAC SDU of logical channel 1 while the sidelink grant of f4, f5 or f6 could be used to assemble the MAC SDU of logical channel 2. 
Proposal 1: There are different mappings between PC5 logical channels and carriers corresponding to data split, data duplication and a combination of them. RAN2 is suggested to discuss the mode 3 V2X sidelink resource request and allocation for these mapping scenarios. 
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Figure 3 Illustration of PC5 logical channels for combination of data duplication and data split
 V2X sidelink resource request analysis for PC5 CA
Data split
For data split, the logical channel of PC5 radio bearer may be mapped to multiple carriers to support data split. It means that the MAC entity may utilize multiple carriers’ sidelink resources to transmit the V2X data in this logical channel. Ideally, eNB should determine the amount of V2X sidelink transmission resources over multiple carriers allocated to UE based on the carrier load status and UE BSR. The sum of the V2X sidelink resources allocated to UE should be equal to the buffer size requested by UE. However, the eNB may have no idea which logical channel/logical channel group is configured to support data split and which carriers could be used to split the V2X sidelink transmission. Another possible way is that the UE reports the same buffer sizes of logical channel corresponding to different carriers. As shown in Figure 4, the UE may report the same buffer size of logical channel 1 corresponding to f1, f2 and f3 respectively. In this case, the eNB may misunderstand that V2X sidelink resources which is three times of the actual needs of V2X sideink resource are requested. To avoid this, the UE may split the data over multiple carriers by itself and then request the V2X sidelink resources for the split amount. In this case, it may be necessary for the eNB to provide more guidance on how to split the data. 
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Figure 4 Resource request procedure for PC5 data split
Proposal 2: For data split in PC5, the logical channel may be mapped to a set of carriers. RAN2 is suggested to clarify how the UE request the V2X sidelink resources and how the eNB allocate the V2X sidelink resources over multiple carriers appropriately. 
Data duplication
Suppose PDCP data duplication is used, multiple logical channels shall be established for the PC5 radio bearer and one to one mapping between logical channels and carriers may be configured. In this case, the MAC entity could only use V2X sidelink resource of the mapping carrier to transmit the V2X sidelink data of this logical channel.
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Figure 5 Resource request procedure for PC5 data duplication
As shown in Figure 5, the UE may report the buffer size of logical channel 1 and logical channel 2 separately. And different destination indexes which corresponding to f1 and f2 are utilized for the BSR report. In this way, the eNB could clearly know how many V2X sidelink resources of f1 and f2 are requested from UE and then allocate the resource. It should be noted that the BSR is report in terms of logical channel group and multiple logical channels mapped to the same carrier may belong to the same logical channel group. In this case, the UE may sum the buffer size of multiple logical channels mapped to the same carrier and then report. 
Observation 3: The legacy R14 mode 3 resource request and allocation mechanism could be reused to support the PDCP data duplication use case. 
Combination of data split and data duplication
In this case, multiple RLC entities/logical channels shall be established corresponding to one PC5 radio bearer to support the data duplication. And for each logical channel, a non-overlapping set of carriers should be configured to support the data split. Similar to data split use case, eNB may have no idea which logical channel/logical channel group is configured to support data split and which carriers could be used to split the V2X sidelink transmission. And for the UE autonomous split scenario, it is not clear how the UE split the data of the logical channel over the multiple carriers. As shown in Figure 6, the UE may report the same buffer size of logical channel 1 corresponding to f1, f2 and f3 respectively. Meanwhile, the UE may report the same buffer size of logical channel 2 corresponding to f4, f5 and f6 respectively. In this case, the eNB may misunderstand that V2X sidelink resources more than required are requested. 
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Figure 6 Resource request procedure for PC5 data duplication together with data split
In a sum, legacy mode 3 resource request and allocation mechanism may not work well to support the data split relevant PC5 CA use case. RAN2 is suggested to investigate this issue and consider potential resource request enhancement to support the mod 3 based PC5 CA.
Proposal 3: RAN2 is suggested to investigate the mode 3 resource request and allocation issue and consider potential resource request enhancement to support the mod3 based PC5 CA.
3   Conclusion
In this contribution, we discussed in different CA mechanisms, whether the current resource request procedures can always give eNB a clear indication on resource request size for different candidate frequencies. Then we have the following observations and proposals.
Observation 1: In R14, the destination index included in SL BSR could implicitly indicate the carrier frequency on which UE request V2X sidelink transmission resources. So UE can request V2X sidelink resources of specific carrier towards eNB.
Observation 2: The eNB may allocate V2X sidelink transmission resources of different carriers to UE via cross-carrier scheduling. 
Proposal 1: There are different mappings between PC5 logical channels and carriers corresponding to data split, data duplication and a combination of them. RAN2 is suggested to discuss the mode 3 V2X sidelink resource request and allocation for these mapping scenarios. 
Proposal 2: For data split in PC5, the logical channel may be mapped to a set of carriers. RAN2 is suggested to clarify how the UE request the V2X sidelink resources and how the eNB allocate the V2X sidelink resources over multiple carriers appropriately. 
Observation 3: The legacy R14 mode 3 resource request and allocation mechanism could be reused to support the PDCP data duplication use case. 
Proposal 3: RAN2 is suggested to investigate the mode 3 resource request and allocation issue and consider potential resource request enhancement to support the mod3 based PC5 CA. 
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