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1. Introduction
At RAN2#99 and RAN2#99bis, there was agreement on CA duplication as below [1]:

	RAN2#99 Agreements
9.10.2  Carrier aggregation (up to 8 PC5 carriers)
· Proposal 2: PDCP duplication should be supported instead of MAC duplication for sidelink CA enhancement, because of the following facts:
· => FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based on the different mechanism. 

RAN2#99bis Agreements
9.10.2  Carrier aggregation (up to 8 PC5 carriers)
· Agreed with the need of packet duplication



This contribution will discuss which layer has the benefits for the CA duplication for eV2X. 
2. Discussion
According to the agreement of packet duplication in different layer for the sidelink CA, we can consider three options such as PHY/MAC duplication, RLC duplication, and PDCP duplication. This paper is to discuss the comparison of the three options for V2X packet duplication and the consideration points for PDCP duplication.

2.1 PHY/MAC Duplication
This mechanism allows that a packet can be duplicated in PHY/MAC layer. When duplication is configured for a HARQ entity, an additional sidelink Component Carrier (CC) is added to the same HARQ entity to handle the duplicated MAC PDU. Duplication at PHY/MAC is to send the same MAC PDU twice: once on the original sidelink CC and a second time on the additional sidelink CC. 
When using PHY/MAC duplication, reliability can be increased as the result of HARQ combining gain at PHY and MAC layer. Since the one HARQ entity at the Rx is able to get duplicated packets via another CC, the duplication is helpful to get HARQ gain. 
However, for PHY/MAC duplication, one common MAC entity, i.e. one scheduler, should control transmissions on the duplicated carriers to achieve the HARQ gain accurately. The MAC scheduler should perform sidelink resource selection in cooperation with physical layer, e.g. energy level detection and scheduling with consideration of PC5 channel status for the duplicated CCs and this needs complicated operation between PHY and MAC layers. 
Observation 1. It is need to study how much reliability performance can be achieved comparing with the complexity of PHY/MAC Duplication.

2.2 RLC Duplication 
This mechanism allows that a packet is able to be duplicated in RLC layer. When duplication is configured for a RLC entity by RRC, an additional logical channel ID (LCID) is added to the same RLC entity to handle the duplicated RLC PDU. Duplication at RLC therefore is to send the same RLC PDU twice: once on the original logical channel of sidelink and a second time on the additional logical channel of sidelink.
RLC UM is only supported for V2X, i.e. V2X sidelink, as describe in [2]. In case of using RLC UM, there is no acknowledgement for RLC PDUs. If packet duplication is supported at RLC layer for V2X sidelink, the duplication can help to reduce RLC packet loss and the reliability performance on RLC layer can be increased. 
However, there is possibility to occur malfunction of pull window during packet duplication in RLC UM. RLC UM uses pull window and circular reception buffer as shown figure 1. Assuming that the window size of RLC UM is 3 and the Rx has not received PDU packets i.e., PDU1/PDU2 but received PDU3 at time 1. After time 1, the Rx has not received PDU4 but it has received PDU5 at time 2. In this case, the pull window is moving to the highest received packet, i.e. the received window’s last point, i.e. VR (UH), is pointing to PDU5. If the Rx receives PDU1 which was transmitted with duplication, the pull window’s last point, i.e. VR (UH) is moving to PDU1 because of circular reception buffer. In this case there is possibility the RX to miss the duplicated PDU4, and the benefit of RLC duplication will not be achieved. 



Figure 1. Example of RLC UM pull window operation in the Rx

So it is needed to modify current RLC UM operation to fully utilize the packet duplication.
Observation 2. If RLC duplication is supported, it is needed to modify RLC UM operation to solve the malfunction of pull window.

2.3 PDCP Duplication
This mechanism allows that a packet can be duplicated in PDCP layer. When duplication is configured for a radio bearer by RRC, an additional RLC entity and an additional logical channel are added to the radio bearer to handle the duplicated PDCP PDU. Duplication at PDCP is to send the same PDCP PDU twice: once on the original RLC entity and a second time on the additional RLC entity. 
For enabling PDCP duplication, an operation to configure a radio bearer by RRC is necessary. It is simple and similar with the PDCP duplication mechanism already supported in NR [3]. For example, the RRC configures the PDCP for duplication and the radio bearers of the UE with two RLC entities and two logical channels to handle duplicates. Once PDCP duplication is configured and active at PDCP layer, then the PDCP duplicates the PDCP data PDU and delivers the duplicated PDCP Data PDU to both associated RLC entities [4]. 
From the performance point of view the performance of RLC duplication and that of PDCP duplication are same. Since there is no performance difference between RLC duplication and PDCP duplication but PDCP duplication is easier to apply for the CA duplication than RLC duplication, PDCP duplication is agreed for NR [5] as the below:
“Ericsson give summary of offline: View is that RLC and PDCP duplication performance is the same and we anyway have duplication at PDCP level and hence this options seems the easiest. For soft combining option it is not for RAN2 to decide.”
“For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.”
Observation 3. There is no different performance between RLC and PDCP duplication and PDCP duplication is easier to apply for the CA duplication.
Proposal 1. RAN2 is asked to adopt PDCP duplication for sidelink CA.

2.4 Consideration for PDCP duplication in sidelink CA
[bookmark: _GoBack]When designing PDCP duplication for the sidelink CA, it needs to consider the UEs out-of-coverage as well as in-coverage. The V-UEs in coverage can be configured for PDCP duplication by using RRC message from eNB. But it is FFS how the V-UEs out of coverage get the configuration for PDCP duplication whether pre-configuration is enough for the duplication operation. 
It also needs a method of duplication activation and deactivation. In-coverage case, eNB can indicate UE which bearer is need to duplicate. But V-UE out-of-coverage cannot receive the indication from eNB and the UE does not know whether the duplication is activated/deactivated and received packet is duplicated or not. 
Proposal 2. RAN2 is asked to study PDCP duplication configuration and activation/deactivation in sidelink CA for in-coverage as well as out-of-coverage.
3. Conclusion 
Observation 1. It is need to study how much reliability performance can be achieved comparing with the complexity of PHY/MAC Duplication.
Observation 2. If RLC duplication is supported, it is needed to modify RLC UM operation to solve the malfunction of pull window.
Observation 3. There is no different performance between RLC and PDCP duplication and PDCP duplication is easier to apply for the CA duplication.
Proposal 1. RAN2 is asked to adopt PDCP duplication for sidelink CA.
Proposal 2. RAN2 is asked to study PDCP duplication configuration and activation/deactivation in sidelink CA for in-coverage as well as out-of-coverage.
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