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1   Introduction
During the RAN2#99bis meeting, it was agreed that data duplication is needed for PC5 carrier aggregation. However, it is FFS on the protocol architecture and details for packet duplication. In this contribution, we will discuss the potential protocol architectures for packet duplication. The design consideration to support PC5 data duplication are also presented and analyzed.
2   Discussion
Protocol architectures for data duplication
With regard to the data duplication for PC5 CA, the vehicle UE may simultaneously transmit the replicated copies of the same packet on different carriers. In this way, frequency-diversity is utilized to improve the reliability of sidelink data transmission. Generally speaking, the potential protocol architecture for PC5 data duplication could be divided into two options: PDCP data duplication and MAC data duplication. In this section, we discussion these two options one by one.
PDCP data duplication
Figure 1(a) shows the user plane protocol stack for PC5 PDCP data duplication. For a given RB that supports PDCP data duplication, there are one PDCP entity, two or more RLC entities and two or more logical channels associated with it. For the Tx UE, when data packet arrives at the PDCP layer, the PDCP entity performs the encryption and the header compression. For the RB that supports PDCP duplication, the PDCP entity duplicates the PDCP PDU and delivers the replicated copies of the same packet to two or more different RLC entities. The two or more different RLC entities/logical channels belong to the same MAC entity. In order to ensure the data packets from these RLC entities/logical channels are not transmitted via the same carrier, the logical channel mapping restrictions should be used in MAC. The MAC entity then perform the scheduling, multiplexing and assembly independently for different carriers and then deliver MAC PDUs to PHY layer for transmission over different carriers. 
At the Rx UE side, two or more Rx RLC entities and logical channels should be associated with the Rx PDCP entity that supports data duplication. Suppose RLC UM is configured, each Rx RLC entities shall reorder the RLC PDUs, discard duplicate packets and then deliver the RLC PDUs to Rx PDCP entity. Upon receiving these RLC PDUs from multiple Rx RLC entities, the Rx PDCP entity needs to reorder the RLC PDU and discard the duplicates again. 
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Figure 1 Protocol architectures for PC5 data duplication
MAC data duplication
Figure 1(b) shows the user plane protocol stack for PC5 MAC data duplication. In this option, only one PDCP entity, one RLC entity and one logical channel are associated with one RB. For the Tx UE, when data packet arrives at the PDCP layer from upper layer, the PDCP entity performs the encryption and header compression, and then delivers the PDCP PDU to RLC entity. 
In order to support the MAC data duplication, the MAC entity should be configured with SL grant of the same TB size for different carriers. In this way, the same MAC PDU could be transmitted over different carriers. On the other hand, not all the data packet requires data duplication. Suppose RB1 requires data duplication whereas RB 2 and RB 3 do not, it means that the MAC entity should schedule the RB1’s data packet separately from RB 2 and RB 3. 
At the Rx UE side, since there is only one Rx RLC entity, the RLC PDUs from different carriers could be delivered to the same RLC entity for packet re-ordering and discarding duplicate. It is not longer necessary for the Rx PDCP entity to perform the re-ordering and duplicate discard. 
Compared with MAC data duplication, the advantages for PDCP data duplication are that the resource of different carriers could be scheduled independently and the RBs for both data duplication and non-data duplication could be multiplexed into one MAC PDU. However, PDCP data duplication requires the Rx PDCP entity to support re-ordering and duplicate discard functionality. The re-ordering in both RLC and PDCP entity may increase the packet processing latency. In our opinion, the scheduling of different carriers with same TB size and the multiplexing of only RBs support data duplication are stringent requirements on the MAC scheduler. Considering the dynamic change of resource occupation status of different carriers, these two requirements are hard to support. Compared with MAC data duplication, PDCP data duplication is more flexible and easy to implement.
Proposal 1: It is suggested to only consider the PDCP data duplication for V2X sidelink communication.
Design consideration for PDCP data duplication
In this section, we discuss the design considerations to implement the PC5 PDCP data duplication. The potential issues and specification impacts are presented and analyzed.
PC5 RB/logical channel establishment
According to the R14 V2X sidelink communication specification, the SL logical channel is established through UE implementation. In this section, we discuss the PC5 RB/logical channel establishment from the perspective of Tx UE and Rx UE respectively.
· V2X Tx UE
In R14, if the Tx UE’s AS layer receives a data packet with a specific PPPP from upper layer and no logical channel with this PPPP has been established, the UE shall establish a new logical channel. Along with the establishment of Tx logical channels, one Tx RLC entity and one Tx PDCP entity are established. 
As we mentioned before, the PDCP duplication requires the establishment of multiple RLC entities and multiple logical channels corresponding to one PC5 RB and PC5 PDCP entity. In order to do so, it is necessary for the Tx UE to determine whether the data duplication should be enabled when establishing the PC5 RB/logical channels. Suppose the PPPP could reflect the reliability level, it might be used to determine whether the data duplication should be enabled. However, it is not always applicable. For example, it is possible that the some V2X services that require high priority but lower reliability whereas other V2X services that require low priority but higher reliability. Based on this observation, it is suggested that the data packet be associated with reliability level, which could be used by the AS layer to determine whether the data duplication should be enabled. In this case, PC5 RB/logical channel should be established not only based on PPPP, but also based on the reliability level. 
It should be noted that in R14, the RB ID is used equivalent to the LCID for the encryption/decryption purpose. When it comes to the PC5 PDCP data duplication, the RB ID could not be directly equal to the LCID. For example, when the data packet with specific PPPP and reliability level arrives at AS layer, it may generate one RB which includes one PDCP entity, multiple RLC entities and multiple logical channels to carry this data packet. At this time, the RB ID shall be associated with multiple LCIDs. 
Observation 1: In order to support PDCP data duplication, PC5 RB/logical channel should be established not only based on PPPP, but also based on the reliability level.
· V2X Rx UE
In R14, the Rx logical channel is established when the RLC PDU corresponding to a new LCID is received within the scope of one source ID and target ID combination and no such logical channel has been established. Then one Rx RLC entity and one Rx PDCP entity associated with this Rx logical channel are established.
When it comes to PC5 PDCP data duplication scenario, two or more Rx logical channels with different LCIDs shall be associated with one Rx PDCP entity. According to the legacy Rx logical channel establishment procedure, it is hard for the Rx UE to tell which logical channel IDs are corresponding to data duplication and should be associated with specific Rx PDCP entity.  Moreover, since the RBID is not always equal to the LCID, the decryption of the PDCP PDU may be failed. To solve this problem, it is necessary to keep the Rx UE informed of which logical channels belong to the same PDCP entity as well as the association between RBID and LCIDs. In this way, the Rx UE may correctly establish the Rx RB/logical channels and perform the decryption.
Observation 2: Rx UE should be informed of which logical channels belong to the same PDCP entity as well as the association between RBID and LCIDs. In this way, the Rx UE may correctly establish the Rx RB/logical channels and perform the decryption.
Proposal 2: In order to support the PDCP data duplication, the PC5 RB/logical channel establishment for both V2X SL Tx and Rx UE should be enhanced. 
Mapping between logical channel and carrier
In order to ensure that the data packets from logical channels belong to the same RB are not transmitted via the same carrier, the logical channel mapping restrictions should be used in MAC. In other word, the mapping between logical channel and carrier should be configured. The mapping may be one to one mapping. Moreover, it is also possible to configure a small set of carriers for each logical channel. In this case the different sets of carriers shall not overlap. 
This configuration may be performed by eNB or by Tx UE. For example, the UE may select the usable carriers for this PC5 RB based on the UE capability, V2X service type and CBR and then determine the mapping between logical channel and the carrier. Alternatively, the eNB may configure the mapping between logical channel and carrier to Tx UE. On the other hand, if the usable carriers are reselected, the mapping between RB/LCH and carrier also needs to be reconfigured.
Proposal 3: In order to support the PC5 PDCP data duplication, the mapping between logical channel and carrier need to be configured based on the carrier selection/reselection result.
PC5 data duplication activation/deactivation
According to the PDCP data duplication design in NR, the packet duplication may be activated/deactivated for DRBs with packet duplication. When it comes to the PC5 data duplication, it is questionable if the activation/deactivation should be supported. In our opinion, activation/deactivation is useful considering the dynamic change of channel status. Suppose the V2X carriers are overloaded, it is preferred that the data duplication is deactivated. On the other hand, if the V2X carriers are less loaded, it is better to activate the data duplication to support high reliability. 
Suppose the activation/deactivation for PC5 data duplication is supported, the PDCP entity should start to deliver the replicates of the same data packet to the additional RLC entities/logical channels after the data duplication is activated. On the other hand, if the data duplication is deactivated, only one RLC entity/LCH is still active, other associated RLC entities/logical channels may be reset but not released. For the Rx UE, if the data duplication is deactivated for a given RB, the corresponding Rx PDCP entity do not need to perform the PDCP PDU reordering and duplicate discarding any more.  
Proposal 4: RAN2 is suggested to consider if the activation/deactivation for PC5 data duplication should be supported. 
Mode 3 resource request 
As we know, both the mode 3 and mode 4 resource allocations may be used. For the mode 3 resource allocation, eNB shall schedule the dedicated sidelink resources to the UE based on the SL BSR. When it comes to the PC5 data duplication, it is necessary for the eNB to know how many SL resources should be allocated for each carrier. 
As discussed in our paper [1], suppose one to one mapping between logical channel and carrier is used, the UE need to sum the buffer size of logical channels mapped to one specific carrier and then use the destination index corresponding to this carrier to report the BSR. In this way, the eNB could have knowledge of the resource needed on specific carrier and then allocate the resources on this carrier according to Tx UE’s requirement. On the other hand, if the logical channel is associated with a set of carriers, more complicated resource request enhancement should be considered which is elaborated in [1]. 
Proposal 5: It is necessary for the eNB to have knowledge of how many SL resources should be allocated for different carriers for mode 3 based resource allocation for PC5 CA. It is suggested to investigate the mode 3 resource request and consider the potential enhancement if necessary. 
3   Conclusion
In this contribution, we discussed the potential protocol architectures for packet duplication. The design consideration to support PC5 data duplication were presented and analyzed. And we have the following observations and proposals:
Proposal 1: It is suggested to only consider the PDCP data duplication for V2X sidelink communication.
Observation 1: In order to support PDCP data duplication, PC5 RB/logical channel should be established not only based on PPPP, but also based on the reliability level.
Observation 2: Rx UE should be informed of which logical channels belong to the same PDCP entity as well as the association between RBID and LCIDs. In this way, the Rx UE may correctly establish the Rx RB/logical channels and perform the decryption.
Proposal 2: In order to support the PDCP data duplication, the PC5 RB/logical channel establishment for both V2X SL Tx and Rx UE should be enhanced. 
Proposal 3: In order to support the PC5 PDCP data duplication, the mapping between logical channel and carrier need to be configured based on the carrier selection/reselection result.
Proposal 4: RAN2 is suggested to consider if the activation/deactivation for PC5 data duplication should be supported. 
Proposal 5: It is necessary for the eNB to have knowledge of how many SL resources should be allocated for different carriers for mode 3 based resource allocation for PC5 CA. It is suggested to investigate the mode 3 resource request and consider the potential enhancement if necessary. 
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