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1 Introduction
In RAN2 #101bis meeting, the following agreements were made regarding sidelink packet duplication for Mode 4 [1]: 
Agreements

5b: For BSR, eNB configures mapping information between LCG and PPPR. For activation, eNB configures threshold (details of signaling way will be discussed in stage3 CP) of PPPR for mode3 (dedicated RRC) and mode4 (dedicated RRC for connected, SIB for idle).

Focusing on Mode 4 UEs, this paper will discuss the remaining issues on how to ensure the transmission of the duplicated packets on different carriers, and provide corresponding solutions. Compared with the earlier version, the contents already concluded are removed in this revision.
2 Discussion
In RAN2#100 meetings, RAN2 also agreed the restriction that the packets of the two duplicated sidelink logical channels (LCHs) of the same PDCP entity cannot be transmitted on the same carrier, as follows [2]: 
Agreements
3 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
This restriction is the same as NR PDCP duplication. In NR, this restriction is achieved by associating each duplicated LCH associated with the same PDCP entity (i.e. leg) with a carrier set, which is orthogonal to that of the other leg, via gNB configuration, and the packet of either leg can only be transmitted on the carrier(s) included in the associated carrier set.

For Mode 4 packet duplication, we think this design of NR PDCP duplication needs to be followed as much as possible, i.e. each of the two duplicated sidelink LCHs can also be associated with a carrier set which is orthogonal to that of the other LCH. However, as per [3] each V2X packet is with a set of applicable carriers instructed by the upper layer. This means that, for each sidelink LCH, there is an applicable carrier set restricting the carriers that can be used to transmit the packets. One specific pair of duplicated LCHs (which correspond to the same PDCP entity) of course share the same applicable carrier set. However, for a given PPPR, there also can be multiple pairs of duplicated LCHs which correspond to different Destinations and thus have different applicable carrier sets. As a result, even for the same PPPR, each pair of duplicated LCHs may further need to be associated with two orthogonal carrier sets which need  both to be included in its own applicable carrier set. 

Based on the above discussions, we propose that for Mode 4, each duplicated LCH is associated with a carrier set, which is orthogonal to that associated to the other LCH of the same PDCP entity and which is included in the applicable carrier set instructed by the upper layer. 
Proposal 1: Similar to NR PDCP duplication, each duplicated LCH for Mode 4 shall be associated with a carrier set which is orthogonal to that associated with the other LCH of the same PDCP entity, and the associated carrier set is included in the applicable carriers instructed by the upper layer.  

Proposal 1a: The UE shall transmit the data of a duplicated sidelink LCH on the carrier(s) belonging to the LCH's associated carrier set (as in Proposal 1). 
Nonetheless, for Mode 4, at least for IDLE UEs and OoC UEs, it is no more possible to depend on eNB/preconfiguration to configure these two orthogonal carrier sets for a pair of duplicated LCHs; this is because neither the IDLE UEs nor the OoC UEs are able to report the Destination and/or applicable carrier frequencies of the their duplicated sidelink LCHs to the NW. As a result, at least IDLE UEs and OoC UEs may need to figure out the two orthogonal carrier sets (used for packet duplication transmission) autonomously for each pair of duplicated LCHs. As for RRC_CONNECTED Mode 4, though UE reporting is possible, it is preferable to have a uniform behaviour with IDLE UEs and OoC UEs, which can simplify standard effort and also avoid extra reporting signalling. 

Hence, we propose that a Mode 4 UE can autonomously figure out two orthogonal carrier sets, which are used for packet duplication transmission, for a pair of duplicated LCHs within its applicable carrier set. And UE should autonomously associate each duplicated LCH respectively with one of the orthogonal carrier sets via one-to-one mapping, which could be employed to transmit the corresponding LCH’s data. How to divide the orthogonal carrier sets and how to associate them to the corresponding duplicated sidelink LCH can be up to UE implementation. 
Proposal 2: A Mode 4 UE shall autonomously determine two orthogonal carrier sets for a pair of duplicated sidelink LCHs within the applicable carrier set, and associate each duplicated LCH respectively with one of the orthogonal carrier sets via one-to-one mapping.
Proposal 3: How the two orthogonal carrier sets are actually divided and how they are associated with corresponding duplicated LCHs by the UE are up to UE implementation. 
3 Conclusions
In this contribution, we discussed the autonomous activation and how to enable duplicated packet to transmit on different carriers for Mode 4 sidelink packet duplication, the following proposals are given:
Proposal 1: Similar to NR PDCP duplication, each duplicated LCH for Mode 4 shall be associated with a carrier set which is orthogonal to that associated with the other LCH of the same PDCP entity, and the associated carrier set is included in the applicable carriers instructed by the upper layer.  

Proposal 1a: The UE shall transmit the data of a duplicated sidelink LCH on the carrier(s) belonging to the LCH's associated carrier set (as in Proposal 1).
Proposal 2: A Mode 4 UE shall autonomously determine two orthogonal carrier sets for a pair of duplicated sidelink LCHs within the applicable carrier set, and associate each duplicated LCH respectively with one of the orthogonal carrier sets via one-to-one mapping.
Proposal 3: How the two orthogonal carrier sets are actually divided and how they are associated with corresponding duplicated LCH by the UE are up to UE implementation. 
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