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1 Introduction
In RAN2 #100 meeting, the following agreements were made regarding sidelink packet duplication for Mode 4 [1]: 
Agreements:

1. For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. FFS on UE request to NW for duplication transmission.
Besides the details of activation/deactivation, some other issues for Mode 4, e.g. the configuration of sidelink packet duplication, how to transmit duplicated packet on proper carriers, etc., are still open, and thus should be addressed.   
Therefore, focusing on sidelink packet duplication for Mode 4 UEs, this paper will discuss the details of autonomous activation/deactivation as well as other remaining issues, and provide corresponding solutions.
2 Autonomous activation/deactivation of mode 4 packet duplication
It was instructed by SA2 that PPPR is to be introduced to Rel-15 eV2X to assist sidelink packet duplication in the AS layer [2]:
	SA2 discussed the issue and reached the following conclusion:

-      ProSe Per-Packet Reliability (PPPR) is introduced and the application layer in the UE may provide the PPPR information for each V2X message when passing it to the lower layer for transmission over PC5.The absence of the PPPR means no reliability mechanism is required;

-      The mapping of application layer V2X message reliability to PPPR is configured on the UE, similar to PPPP.


Since the purpose of packet duplication is to improve transmission reliability, it is reasonable to activate sidelink duplication only for the V2X packets whose reliability requirements, as indicated by PPPR values, are high enough. To achieve this, for a Mode 4 UE, the NW can indicate the PPPR(s) supporting packet duplication via (pre)configuration, and the UE can only activate sidelink packet duplication for the V2X packets whose PPPR supports packet duplication as indicated. 
Proposal 1: For Mode 4 UEs, PPPR(s) that support sidelink packet duplication are (pre)configured by the NW. A Mode 4 UE can only activate sidelink packet duplication for the V2X packets whose PPPR(s) support packet duplication as (pre)configured. 
In fact, sidelink packet duplication improves the reliability at the expense of more resource consumption. Therefore, sidelink packet duplication should not be excessively used, in order to avoid more collisions potentially caused by extra resource occupation. For example, when the requirement of some V2X packets can already be met by the transmission on one sidelink carrier without duplicated transmission on another carrier (e.g. the CBR on the former carrier is low), it is not necessary to activate packet duplication for such V2X packets. Since the transmission reliability on a sidelink carrier largely depends on CBR, especially for Mode 4, we therefore propose that for a PPPR supporting packet duplication, the Mode 4 UE activates packet duplication only when the CBR of the carrier(s) currently used to transmit corresponding V2X packets is above a threshold.
Proposal 2: For a PPPR (pre)configured with packet duplication, a Mode 4 UE only activates packet duplication when the CBR of the sidelink carrier(s) currently used to transmit corresponding V2X packets is above a threshold. 
3 Enabling Mode 4 packet duplication transmission on proper carriers
In earlier 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 [1]: 
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 (i.e. leg) with a carrier set, which is orthogonal to that of the other leg, as per 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 in [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 in the corresponding LCH. One specific pair of duplicated LCHs (which correspond to the same PDCP entity) of course share the same applicable carrier set; but, 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 are both 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 included in the applicable carrier set instructed by the upper layer 
Proposal 3: As in NR, for Mode 4 each duplicated LCH shall be associated with a carrier set, which is orthogonal to that associated to the other LCH of the same PDCP entity and included in the applicable carrier set instructed by the upper layer.  

Proposal 3a: 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 3). 

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, because IDLE UEs and OoC UEs are obviously not able to report the Destination and/or applicable frequencies of the duplicated LCHs it actually has 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 related transmission) autonomously for each pair of duplicated LCHs within its applicable carrier set. 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. Obviously, how to divide the orthogonal carrier sets is up to UE implementation. 
Proposal 4: A Mode 4 UE should 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.
Proposal 4a: How the two orthogonal carrier sets are actually divided by the UE is up to UE implementation. 

4 Conclusions
In this contribution, we discussed the autonomous activation and how to enable duplicated packet to transmit on proper carriers for Mode 4 sidelink packet duplication, the following observation and proposals are given:
Proposal 1: For Mode 4 UEs, PPPR(s) that support sidelink packet duplication are (pre)configured by the NW. A Mode 4 UE can only activate sidelink packet duplication for the V2X packets whose PPPR(s) support packet duplication as (pre)configured. 

Proposal 2: For a PPPR (pre)configured with packet duplication, a Mode 4 UE only activates packet duplication when the CBR of the sidelink carrier(s) currently used to transmit corresponding V2X packets is above a threshold. 
Proposal 3: As in NR, for Mode 4 each duplicated LCH shall be associated with a carrier set, which is orthogonal to that associated to the other LCH of the same PDCP entity and included in the applicable carrier set instructed by the upper layer.  

Proposal 3a: 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 3). 

Proposal 4: A Mode 4 UE should 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.
Proposal 4a: How the two orthogonal carrier sets are actually divided by the UE is up to UE implementation.  
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