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Discussion and Decision
Introduction
During the previous RAN2 meetings, data split and data duplication has been discussed extensively to support PC5 CA. 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. 
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 destination IDs (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 includes the destination index, logical channel group ID and buffer size. Note that the destination index is corresponding to the index of the destination IDs reported via SidelinkUEInformation message. Suppose multiple destination ID lists for different carrier frequencies are reported, the value is indexed sequentially across all the lists. Based on the SL BSR, the eNB can have the knowledge that the UE has data for V2X sidelink transmission and estimate the resources needed for transmission. Moreover, the eNB can determine which carrier the UE is requesting. As it is mentioned before, the destination index is associated with the destination ID 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 different possibilities of mapping between logical channels and carriers. 
Data split
For data split use cases of PC5 CA, it is generally assumed that the packet is split at MAC layer. This means that for the PC5 radio bearer that support data split, the corresponding logical channel may be associated with multiple candidate carriers (e.g., f1, f2 and f3) 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 of this logical channel. 
Data duplication 
For packet duplication, during RAN2 #100 meeting, it has been determined that packet duplication should be anchored at PDCP layer. As per this agreement, two 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, mapping between logical channel and carrier may be configured as shown in Figure 2, of which the two potential carrier sets should be non-overlapping. In this case, the MAC entity could use the sidelink grant of {f1, f2, f3}to assemble the MAC SDU of logical channel 1 and use sidelink grant of {f4, f5, f6} 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
 V2X sidelink resource request analysis for PC5 CA

Dynamic Scheduling
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. For mode 3 resource allocation, the eNB actually has no idea of which logical channel/logical channel group is configured to support data split and which carriers could be used to split the V2X sidelink transmission. One 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 three times of the actual amount of V2X sidelink resources are needed. 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. 
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Figure 4 Resource request procedure for PC5 data split
Data duplication
As shown in Figure 5, two logical channels are established for the PC5 radio bearer that support data duplication. The two logical channels are associated with non-overlapping candidate carrier sets which could be used for data transmission. Based on the current BSR mechanism, the UE may report the same buffer size of logical channel 1 corresponding to f1, f2 and f3 respectively, as well as the same buffer size of logical channel 2 corresponding to f4, f5 and f6 respectively. In this case, the eNB may misunderstand that three times of the actual amount of V2X sidelink resources are needed.
Observation 4: Reusing legacy BSR mechanism in Rel-15 data duplication and data split use case will cause ambiguity to mode 3 resource allocation. 
To solve this resource allocation issue, it is suggested to enhance the resource request mechanism for PC5 CA. In our opinion, two different options could be considered. 

approaches which have different standings. One is UE controlled enhancement, meaning that UE can completely decide how much resource it needs on different carriers, and eNB should completely follow UE’s instruction. The other is eNB controlled enhancement, meaning that UE will report necessary information to eNB, then eNB will decide an appropriate way to allocate resource to UE. 
Option 1
Since UE have complete knowledge of logical channel, buffer size, PPPP, PPPR and candidate carrier set info, UE may roughly decide how many resources are needed on each carrier. For the logical channel associated with multiple candidate carriers, the UE may autonomously decide how to split the data volume into different carriers. Then the UE report its required resource volume on each carrier and eNB try to allocate the resources to meet UE’s needs. 

Option 2

In this option, the UE reports more assistance information to eNB for resource allocation. For example, the UE may also report the destination ID, logical channel, corresponding logical channel group, candidate carrier set info to the eNB. Meanwhile, the UE may report buffer size of each logical channel to eNB. Based on the assistance info and BSR, eNB could have enough knowledge to allocate sidelink resource on multiple carriers appropriately. 

On the other hand, it may be required that the LCG can only be associated with the logical channels with same candidate carrier set. In this way, the legacy BSR which report the buffer size in terms of logical channel group could be reused. 
Proposal 2: RAN2 is suggested to consider the enhancement for dynamic resource allocation of mode 3 UE. 

Semi-Persistent Scheduling
As per Rel-14 sidelink SPS design, UE should send UEAssistanceInfo to eNB to indicate SPS configuration, which can include the packet arrival period, estimated packet arrival offset, PPPP value, as well as maximum MAC PDU size based on observed traffic pattern. When eNB has received those information, it can configure the UE with one or multiple SPS configuration which include SPS period, SPS index and SPS-V-RNTI. Later, eNB can activate one particular set of SPS configuration through DCI. 

When it comes to the data duplication in PC5 CA, the V2X traffic may be periodical in nature and requires high reliability at the same time. For this case, it is necessary to for the eNB to activate the SPS configuration on different carriers. However, since the eNB may be not aware of candidate carrier set of the V2X traffic, it is hard for the eNB to activate the SPS on appropriate carriers. 

On the other hand, suppose the V2X traffic is periodical in nature and with large packet size. It may be preferred to split the V2X traffic to multiple carriers. This may also requires the SPS resource over multiple carriers. Similarly, the eNB should be made aware of the candidate carrier set of the V2X traffic so as to activate the SPS on multiple carriers appropriately.  
In a word, legacy SPS assistance information report may be not enough to support PC5 CA scenarios. RAN2 is suggested to enhance the SPS assistance information report. 
Proposal 3: The legacy sidelink SPS does not consider the candidate carrier set of V2X traffic. When support the SPS for PC5 CA, RAN2 is suggested to consider the enhancement for sidelink SPS of mode 3 UE. 
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. 
Observation 3: Reusing legacy BSR mechanism in Rel-15 data split use case will cause ambiguity to network scheduling in mode 3
Observation 4: Reusing legacy BSR mechanism in Rel-15 data duplication use case will cause ambiguity to network scheduling in mode 3
Proposal 1: For data split and data duplication use cases in PC5, the logical channel may be mapped to a set of carriers. RAN2 is suggested to clarify how the UE requests the V2X sidelink resources and how the eNB allocates the V2X sidelink resources over multiple carriers appropriately.
Proposal  2: For the above mentioned two enhancement options:
Option 1: Having relevant knowledge and authority management for resource requesting, UE 

will report each record of BSR in an exact way and eNB will follow the BSR information 


completely to allocate resource to UE.  
Option 2: It is eNB that based on reported information from UE, its own measurement and a 

general BSR report to determine on how to allocate resource to UE.
RAN 2 should have a discussion on which one should be admitted for Rel-15 mode 3 UE. 
Observation 5: For data split in SPS mode, it will cause waste of SPS resource if eNB is lack of the mapping relationship between logical channel and potential carrier set.
Observation 6: For data duplication, except the same issue as data split, it will further cause violate usage of carrier for two logical channels if eNB is lack of the mapping relationship between logical channel 
and potential carrier set.
Proposal 3: As for SPS traffic, UE should report information about potential carrier set based on corresponding SPS configuration per eNB’s indication, of which eNB can allocate efficient SPS resource to UE.
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