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1	Introduction
In RAN1#89 meeting, the following use cases for eV2X carrier aggregation (CA) were identified [1],
Agreement:
· 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
In this contribution, we will discuss which layer is the best place for packet duplication in order to support above second scenario (i.e. Parallel transmission of replicated copies of the same packet).
2	Discussion 
According to the CA scenarios which RAN1 agreed, we can further summarize what is the intention of each scenario. In the first use case, the multiple MAC PDUs can belong to a same high layer packet, or be mapped to multiple high layer packets and each packet may be for a different service. The second use case is for the transmission of same packet on multiple carriers for combining and achieving diversity gain. The third method is for the case to select one from multiple carriers to carry a packet. Parallel transmission in above use cases doesn’t necessarily mean simultaneous transmission in a certain time. The only limitation is that the transmission on multiple carriers must satisfy the latency requirement.
In order to support the parallel transmission of replicated copies of the same packet, some indicated or pre-determined packets should be duplicated, and MAC, RLC, and PDCP is the candidate layer for packet duplication.
2.1	Parallel transmission of replicated copies of the same packet
In LTE, there are many techniques for the reliable data transmission by transmitting data into the different link performance, ARQ (automatic repeat request) and HARQ (hybrid automatic repeat request) are the examples to guarantee the reliable transmission from RAN2 perspectives. However, there are no ARQ for the sidelink data transmission since the transmission mechanism is broadcast (i.e. RLC UM is used). Therefore, enhancing reliability of data transmission is very important factor for eV2X. By doing CA with the parallel transmission of replicated copies of the same packet, the reliability of data transmission can be increased as well as additionally latency reduction is achieved. Furthermore, there are no mechanisms for packet duplication in LTE even though NR introduced PDCP packet duplication. RAN2 should determine which layer is the best place to perform the packet duplication in eV2X since sidelink mechanism is different with NR data transmission procedures.
The main objective for introducing packet duplication using CA is that the original packet and duplicated packet can be transmitted through different links in order to achieve the reliability and/or diversity. We write down the pros/cons when each layer among MAC, RLC, and PDCP performs packet duplication.
	
	MAC
	RLC
	PDCP

	Description
	MAC SDU is duplicated and forwarded to PHY layer.
	RLC SDU is duplicated and forwarded to MAC layer.
	PDCP SDU is duplicated and forwarded to RLC layer.

	Pros
	· MAC layer knows which packet is the duplicated one, so no needs for additional information to distribute the same packets over the different carriers.
	
	· PDCP layer could allocate the duplicated packet to the different logical channel so that the legacy logical channel prioritization rule can be used.

	Cons
	· Logical channel prioritization is complicate to handle the duplicated packets from the same logical channel. 
	· MAC layer doesn’t know whether the received MAC SDU includes duplicated RLC packet or not, so additional information to distribute the same packets over the different carriers is needed.
· Logical channel prioritization is complicate to handle the duplicated packets from the same logical channel.
	· MAC layer doesn’t know whether the received MAC SDU includes duplicated PDCP packet or not, so additional information to distribute the same packets over the different carriers is needed.



We think the main considerations for which layer is the best place for performing the packet duplication, are the feasibility and the minimum changes to support the packet duplication for eV2X. As we indicated above, MAC layer duplication has advantages that the additional mapping information to indicate the duplicated packet is not needed since MAC knows which MAC PDU is the duplicated packet, so it is easy for MAC to distribute the duplicated packets over different links/carriers. However, the additional rule for LCP is needed to handle the duplicated packets from the same logical channel, so LCP will complicate when MAC duplication is introduced. For the PDCP duplication, the duplicated packet by PDCP may be allocated the different logical channel compared to the original one, this kind of new rule is needed to distinguish duplicated packet at MAC layer. By doing this, the legacy LCP procedure can be used without additional conditions.
Proposal 1: Among MAC layer and PDCP layer, RAN2 should further study which layer performs the packet duplication.
2.2	Configuration of packet duplication
For eV2X CA configuration, the separate procedures between mode 3 and mode 4 should be considered in order to support CA with packet duplication. For mode 3, CA can be configured by RRC message with v2x-InterFreqInfoList and each carrier can be activated or deactivated by DCI. For mode 4, CA can be configured by system information with v2x-InterFreqInfoList. That is, Rel-14 configuration of CA may be used without any changes, but we need to introduce the signalling of packet duplication. RRC signalling and system information will be able to configure the packet duplication for mode 3 or mode 4, and some different ways should be used for each mode. That is, how the packet duplication is configured is a remaining issue, one way to configure the packet duplication is PPPP can be used to indicate which packets will be duplicated. We think that how many duplicated packet transmission through the different carrier is also considerable issue. The multiple transmission of duplicated packet is one solution if the enhancing diversity and reliable transmission is required for eV2X and there are no big issues introducing this feature.
Proposal 2: eNB configures the packet duplication mode with the number of duplicated packets, and PPPP can be used for indicating which packets will be duplicated. Detail signaling of configuration for mode 3 and mode 4 is FFS.
3 Conclusion
In this contribution, we provide following proposals regarding the packet duplication for CA:
Proposal 1: Among MAC layer and PDCP layer, RAN2 should further study which layer performs the packet duplication.
Proposal 2: eNB configures the packet duplication mode with the number of duplicated packets, and PPPP can be used for indicating which packets will be duplicated. Detail signaling of configuration for mode 3 and mode 4 is FFS.
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