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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Per-packet selective duplication is considered as a candidate solution for duplication resource efficiency, on top of UE based duplication [1]. In this contribution, we discuss the possible usecase and analyses the various options for supporting this feature.
	4.1 Objective of Core part WI
…
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].


Discussion
In TR38.825 [2], per packet selective duplication is stated as below.
	[bookmark: _Toc3163593][bookmark: _Toc3163594]4.2	Enhancements to PDCP duplication
4.2.1	Protocol aspects
…
In this study, selective duplication in the form of that UE (PDCP) deciding on per packet basis if additional copies are needed, when a copy is delivered to another RLC entity/leg and on which RLC entity/leg a copy is transmitted have not been sufficiently evaluated. Details of selective duplication and possible benefits need more evaluation.



Usecase
We believe a typical usecase is very similar to the usecase we describe for UE-based duplication where we suggest duplication is activated by HARQ-NACK i.e. upon receiving a request for a retransmission [3]. The difference is that only the failed packet retransmission(s) is(are) duplicated, as also described in [4].
Model
There are two models for supporting per-packet selective duplication based on current description.
[bookmark: OLE_LINK15][bookmark: OLE_LINK17]Model 1: PDCP duplication is activated always and UE judges whether to transmit the duplicate copy of every packet
This is the model chosen in [4]. In such model, because PDCP duplication is activated always, PDCP layer generates two copies for every packet but UE can select one or two of them to transmit based on some criteria, such as described above. Figure 1 is an example of model 1.


[bookmark: _Ref14338207][bookmark: OLE_LINK10][bookmark: OLE_LINK13]Figure 1  An example of Model 1 for per-packet selective duplication
Model 2: Per-packet UE based duplication activation/deactivation
In model 2, UE judges if duplication should be activated for every packet. It is a special case of UE based duplication activation/deactivation. Then all solutions for UE based duplication activation/deactivation can be used in this model. Figure 2 is an example of model 2.


[bookmark: _Ref14338473]Figure 2  An example of Model 2 for per-packet selective duplication
The comparison between the two models is shown in Table 1.
[bookmark: _Ref14343229]Table 1 Comparison of two models of per-packet selective duplication
	
	Model 1
	Model 2

	Description
	PDCP duplication is activated always and UE judges whether to transmit the duplicate copy of every packet.
	Per packet UE based duplication activation/deactivation

	CC restriction
	CC restriction is applied irrespective of whether only one or multiple copies of a packet is/are transmitted.
	CC restriction only applies when multiple copies of a packet are transmitted.

	Data volume calculation
	Based on 38.323, data volume of every packet is calculated in both legs even if some packets are transmitted in only one leg:
 
	-	if the PDCP duplication is activated:
- indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
- indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the secondary RLC entity;


Some optimization would be required in this procedure.
	Only the data for transmission is calculated in BSR.

	Transmitting PDCP entity behaviour
	In 38.323, transmitting PDCP entity should “duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities” when duplication is activated.
Such behaviour should be updated when per packet selective duplication is applied.
	No revision on transmitting PDCP entity behaviour.

	Conclusion
	Some enhancements such as CC restriction, buffer status calculation, etc. should be considered to perform model 1.
	Simple extension of UE-based duplication activation/deactivation can be applied with re-use of existing BSR and CC restriction procedures.



Since model 2 is simple and can be merged into UE based duplication activation/deactivation issue, we propose to consider per packet selective duplication as per packet UE based duplication activation/ deactivation and focus on UE based duplication activation/deactivation for resource efficiency in Rel-16.
Proposal: RAN2 consider per packet selective duplication as per packet UE based duplication activation/deactivation and focus on UE based duplication activation/deactivation in Rel-16.
Conclusion
This contribution discusses per-packet selective duplication and provides below proposal.
Proposal: RAN2 consider per packet selective duplication as per packet UE based duplication activation/deactivation and focus on UE based duplication activation/deactivation in Rel-16.
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