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Introduction  
In RAN2#99bis, it was agreed to support use case 2, i.e. duplicated parallel transmission of V2X packets over multiple CCs for increased reliability:
Agreements:
1: Agreed with the need of packet duplication

[bookmark: _GoBack]In our companion contribution [1], we discuss the suitability of PDCP layer duplication for supporting use case 2 and here we focus on the potential impacts of supporting such packet duplication on various sub-layer procedures as well as when such duplication need to be performed.
Discussion
2.1	 Sub-layer impacts of PDCP duplication
In the HRLLC WI, PDCP duplication has been agreed in the last meeting [2]. The full set of agreements are as following:
Agreements:
1	PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2	RAN2 works on PDCP data duplication for both CA and DC.
3a	At least UM bearers are supported for PDCP duplication via CA.
4	PDCP enables reordering and duplication detection when PDCP duplication is configured.
6	MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.
7	For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.
8	PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.
9	LCH to carriers/cells restriction is configured for CA duplication.

In addition, one of the aspects that was discussed which is also applicable for V2X is on what impacts such duplication has on the lower layer operations. In the following discussion, we address some of these aspects. 
For PDCP, LTE PDCP layer duplication would need to be supported if PDCP layer is chosen for duplication to support use case 2. So, most of the agreements as in the case of HRLLC apply here as well, i.e. PDCP duplication over sidelink should follow NR PDCP duplication as baseline. In addition, reordering and duplication detection should be enabled whenever PDCP duplication is configured. 
For RRC, the main aspect is whether RRC reconfiguration can be used to enable duplication over sidelink. For V2X, connected mode UEs can be configured by the eNB via RRC to enable packet duplication. For OOC UEs, it can be discussed whether certain criteria are pre-configured to allow the UE to enable packet duplication over PDCP (more on this in section 2.2). 
For MAC, the major impact is on the logical channel prioritization (LCP) procedure. When duplication is performed at the PDCP layer, the MAC layer needs to be aware of whether each packet is a duplicate or not in order to ensure that they are mapped to different logical channels and that these logical channels are not mapped to the same CC. This is to make sure that the objective of increased reliability is achieved by parallel transmission over different carriers that are potentially experiencing different radio conditions. Therefore, the LCP should take this into account when performing prioritization across different logical channels. This was already agreed for NR CA as well in the HRLLC WI and so we believe that the same should be applicable for LTE V2X CA as well. 
Moreover, MAC CE based approach was agreed for activation/deactivation of PDCP duplication in NR, whereby a bitmap for different DRBs configured for duplication is carried in the MAC CE. In our view, while the main motivation of MAC CE based approach is to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration, for V2X it should be less of a concern since the duplication is only considered to support use case 2 and only under specific conditions. Thus, RRC signalling should be sufficient for enabling/disabling PDCP duplication over sidelink for Rel-15 V2X.
Proposal 1:	PDCP duplication over sidelink should follow NR PDCP duplication as baseline. Reordering and duplication detection to be enabled if PDCP duplication is configured.
Proposal 2:	PDCP duplication can be configured by RRC for connected mode UEs. For OOC UEs, the eNB can (pre)-configure specific criteria for when the duplication shall be enabled.
Proposal 3:	The sidelink LCP should ensure that logical channels corresponding to duplicated PDCP packets should not be mapped to the same carrier when packet duplication is enabled.
Proposal 4:	RAN2 to further discuss whether activation and deactivation of PDCP layer packet duplication using MAC CE is required for Rel-15 V2X.
2.2	Conditional duplication over sidelink
In the last meeting, there was also some discussion on whether the packet duplication for the support of use case 2 is always enabled or configured conditionally [2]. Clearly, the second approach is more flexible since the need for high reliability is not always required. Additionally, the criteria for such duplication can also be specified and can be configured by the network for idle/OOC UEs (FFS if we need similar criteria for connected UEs). This can include, for example, radio conditions, CBR as well as packet priority, i.e. a UE may be configured to perform PDCP duplication and simultaneous transmission on multiple carriers in case of high priority packets (e.g. corresponding to a PS V2X service) and the CBR for the (re)selected resources exceed a certain threshold. So, we propose to specify such criteria for duplication and to have a more detailed discussion on how/when to configure the appropriate thresholds to be done in RAN2.
Proposal 5:	The network can configure specific criteria such as certain PPPP values, CBR threshold and service type for when packet duplication over sidelink should be performed.
Conclusion
[bookmark: _Ref458739888]This contributions discusses aspects related to the support of packet duplication over sidelink and makes the following proposals:
Proposal 1:	PDCP duplication over sidelink should follow NR PDCP duplication as baseline. Reordering and duplication detection to be enabled if PDCP duplication is configured.
Proposal 2:	PDCP duplication can be configured by RRC for connected mode UEs. For OOC UEs, the eNB can (pre)-configure specific criteria for when the duplication shall be enabled.
Proposal 3:	The sidelink LCP should ensure that logical channels corresponding to duplicated PDCP packets should not be mapped to the same carrier when packet duplication is enabled.
Proposal 4:	RAN2 to further discuss whether activation and deactivation of PDCP layer packet duplication using MAC CE is required for Rel-15 V2X.
Proposal 5:	The network can configure specific criteria such as certain PPPP values, CBR threshold and service type for when packet duplication over sidelink should be performed.
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