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1 Introduction
In RAN2 #99bis meeting [1], it has been agreed that packet duplication needs to be supported for PC5 CA as follows.
	Agreements:

1: Agreed with the need of packet duplication


Based on this RAN2 agreement, this contribution proposes to adopt PDCP duplication for PC5 CA by comparing different packet duplication mechanisms, and then identifies some potential issues that need to be addressed from a RAN2 perspective.
Compared with the earlier version, this revision provides the comparison for different duplication mechanisms as well as potential issues to be solved in more detail. 
2 Comparison of different packet duplication mechanisms
As two candidate solutions, packet duplication can be done in PDCP layer (i.e. PDCP duplication) or MAC layer (i.e. MAC duplication) from the RAN2 perspective. 
For the MAC duplication, several copies of the same MAC PDU need to be transmitted on different carriers, so that different copies received from multiple carriers could be combined by the Rx UEs. Certainly, soft combing gain can be obtained by MAC duplication. However, to support MAC duplications, there are at least the following issues to be addressed: 

· Firstly, in order to perform soft combing, the PHY of Rx needs to know which packets from different carriers are actually the duplications of the same MAC PDU. Therefore, the SA in one packet should indicate the other carriers of the duplicated MAC PDU as well as the specific time-frequency resource for transmission. This may need a new SA, which seems not only complicated work but with compatibility problem.

· Secondly, a new redundancy version assigning mechanism for V2X sidelink communication should be designed. In current V2X sidelink communications, the sequence of redundancy versions is 0, 2, 3, 1, where 0 is for transmission and 2 for retransmission [2]. However, for MAC duplication, the duplicated transmission on different carrier should also be regarded as something like “retransmission” and thus should have different redundancy versions which may no longer be limited to 0 and 2 as in the existing specification.
· Thirdly, the sidelink HARQ entity as well as sidelink process may need to be enhanced in Rx side in order to appropriately combine the packet received from different carriers, since  currently one sidelink process is only able to manage the received data from one sidelink carrier at each specific time, but cannot support the combination the data received on multiple carriers in parallel. 
· Fourth, it is reasonable that duplication is performed on a service basis, since only some of the services with high-reliability requirement should be transmitted in the duplication manner on multiple carriers. For MAC layer duplication. However, in current V2X sidelink communication, the packets from different logical channels, which may have different reliability requirement, will be multiplexed in MAC layer. Therefore, MAC duplication may inevitably also transmit those data without high reliability requirements in duplicated MAC PDUs, which may cause a waste of resources. 
Apparently, the above issues result in obvious disadvantages for MAC duplication, including great complexity and standard impacts (e.g. new SA format, changes to Sidelink HARQ operation, etc.) as well as its inflexibility (i.e. unable to support service-based duplication). 

Observation 1: MAC duplication has obvious shortcomings, including great complexity and standard impacts (e.g. new SA format, changes to Sidelink HARQ operation, etc.), as well as its inflexibility. 
In contrast to MAC duplication, which is with above problems, PDCP duplication can be operated at a service level, and this makes the mechanism more efficient and flexible to support exactly those services that do need duplication. In addition, as the similar mechanisms have already been extensively discussed in NR [3] and a LTE Uu related PDCP duplication was also agreed as one feature to be supported in further specification [4], it is straightforward to extend the mechanism to sidelink.
Considering these merits of PCDP duplication over MAC duplication, we thus propose to adopt PDCP duplication for PC5 CA and have the following proposal. 

Proposal 1: PDCP duplication should be supported instead of MAC duplication for PC5 CA enhancement, because of the following facts: 

· PDCP duplication is more efficient and flexible, as it can be operated on service level.

· PDCP duplication is agreed to be supported in both NR and LTE Uu, so that it is straightforward to extend the mechanism also to sidelink.
3 Potential issues for PDCP duplication
In case PDCP duplication is agreed to be supported by RAN2, the following key issues should be studied. 

It is obviously that PDCP duplication consumes more sidelink resources than that of the existing sidelink transmission without it. For example, twice resources on different carriers are consumed to obtain the frequency diversity, if that there are two “legs” for PDCP duplication for the transmission of some certain packets. If there is no appropriate control for the enabling/disabling of the PDCP duplication from the eNB, the resources may be quickly exhausted. Therefore, there should have some methods for the eNB to control the PDCP duplications and at least the following elements/factor should be taken into consideration: 
· Services’ reliability requirements: the main target of PDCP duplication is to enhance the transmission reliability of those services, which are with high reliability requirements. Therefore, it is seems not that necessary/reasonable to employ PDCP duplication also for the services with not that high reliability requirement, e.g. the services with lower priority/less importance.
· Load/Channel condition (e.g. CBR): if the load is not heavy on a PC5 carrier and the channel situation is good so that the reliability for the transmissions are quite likely to be guaranteed thereon, it seems not that necessary to employ PDCP duplication either. 
Proposal 2: If PDCP duplication is agreed for PC5 CA, the eNB should have some control on PC5 PDCP duplication by taking into at least the following factors into consideration:
· Reliability requirements/priority of the services: only allow PDCP duplication for the services with high reliability requirement/high priority.
· Load/channel condition (e.g. CBR): to employ the PDCP duplication only if the load/channel situation on the selected carriers is not good enough to ensure the performance. 
For the UE with high reliability services, it may be in either Mode 3 or Mode 4; thus it is reasonable to ensure the reliability with PDCP duplication no matter which mode the UE is using. To this end, PDCP duplication should be supported for both Mode 3 and Mode4.
Proposal 3: PDCP duplication should be supported for both Mode 3 and Mode 4, in order to meet the high reliability requirements of some certain services for UEs in either mode.
From the Rx perspective, a UE needs to know which sidelink logical channels are enabled with duplication and thus associated with the same PDCP entity, so that the data received from these logical channels can be delivered to this specific PDCP entity correctly. In NR, for Uu communication, the association between the duplicated logical channels (i.e. two legs) and their PDCP entity are directly indicated by the eNB via dedicated RRC configurations. However, different from Uu, the logical channel for V2X sidelink communication is autonomously configured by the UE itself and eNB is not aware of the sidelink logical channels at all. So, it is no more possible for the eNB to indicate each Rx UE which specific sidelink logical channels are with PDCP duplication and thus associated with the same PDCP entity in case of PC5.  
As a result, RAN2 is suggested to discuss how to enable the Rx UE to know which sidelink logical channels are enabled with PDCP duplication and associated with the same PDCP entity. 
Proposal 4: RAN2 is suggested to discuss how to enable an Rx UE to know which sidelink logical channels are enabled with PDCP duplication and thus associated with the same PDCP entities. 
4 Conclusions
In this contribution, we compare the differences of MAC duplication and PDCP duplication, the following observations and proposals are given:
Observation 1: MAC duplication has obvious shortcomings, including great complexity and standard impacts (e.g. new SA format, changes to Sidelink HARQ operation, etc.), as well as its inflexibility. 
Proposal 1: PDCP duplication should be supported instead of MAC duplication for PC5 CA enhancement, because of the following facts: 

· PDCP duplication is more efficient and flexible, as it can be operated on service level.

· PDCP duplication is agreed to be supported in both NR and LTE Uu, so that it is straightforward to extend the mechanism also to sidelink.
Proposal 2: If PDCP duplication is agreed for PC5 CA, the eNB should have some control on PC5 PDCP duplication by taking into at least the following factors into consideration:
· Reliability requirements/priority of the services: only allow PDCP duplication for the services with high reliability requirement/high priority.
· Load/channel condition (e.g. CBR): to employ the PDCP duplication only if the load/channel situation on the selected carriers is not good enough to ensure the performance. 
Proposal 3: PDCP duplication should be supported for both Mode 3 and Mode 4, in order to meet the high reliability requirements of some certain services for UEs in either mode.
Proposal 4: RAN2 is suggested to discuss how to enable an Rx UE to know which sidelink logical channels are enabled with PDCP duplication and thus associated with the same PDCP entities. 
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