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[bookmark: _GoBack]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#107, RAN2 reached below agreements.
	The number of copies generated is equal to the number of active RLC entities, i.e. one copy per leg/RLC entity, and active/inactive state is determined by MAC CE.
The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.
At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The MAC CE signaling structure is either:
	a.	Per DRB signaling with the activation status of the associated RLC entities, or
	b.	All DRBs with the activation status of the associated RLC entities for each DRB
A new LCID is used for the Rel-16 MAC CE controlling PDCP duplication.


This contribution discusses duplication MAC CE and related duplication activation/deactivation mechanism.
Discussion
Reuse of Rel-15 duplication MAC CE
One object of IIoT WID is “Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA”. So at most 4 RLC entities can be configured and part of them can be activated for PDCP duplication. We need to reconsider the usage of Rel-15 MAC CE and then further discuss the new Rel-16 MAC CE.
In last meeting, RAN2 agreed to retain the primary path.
	The mechanism of primary path defined for Rel-15 PDCP duplication should be retained for Rel-16 (FFS if allowed to deactivate a primary path ie to not send data PDU). 


So it is reasonable to keep on using the Rel-15 duplication MAC CE to activate/deactivation duplication, leveraging the primary path upon de-activation. The details of primary path are further discussed in [2]. We elaborate below why and how both Rel-15 and Rel-16 duplication MAC CEs should work together.
In Rel-15 the packet duplication activation/de-activation is controlled by MAC CE in gNB based on various implementation criterions which can be:
· Channel quality related
· QoS related (e.g. activation of a new QoS flow in an existing DRB)
· Buffer status / latency related (e.g. NW activates duplication to address a given DRB starvation)
· Load-related (e.g. deactivate duplication when more UEs/DRBs require the spectrum)
· …
From NW perspective there should be no reason to change/adapt this functionality to new Rel-16 features. This remains the most important aspect of duplication that makes this feature an essential feature with its two main states: activated/de-activated (no matter which specific leg is selected). And in our view, the Rel-16 addition brings an optimization of this main function. That is, the leg selection addition from Rel-16 should typically be handled by a different function, coming on top of the former legacy function, and sending leg adjustment indications at different times from activation/deactivation. Hence from NW implementation perspective, using two MAC CEs linked to two different functions allows for a smoother SW stack migration since the legacy implementation is left untouched and the new MAC CE is only controlled by the new function.
Similarly, in the UE stack, the activation/de-activation MAC CE controls the duplication of packets in the PDCP, while the leg selection MAC CE controls the routing of these packets to the different configured RLC entities. So, using two different MAC CEs allows keeping untouched the basic “duplication control” functionality at PDCP level in the UE stack while the processing of the new MAC CE controlling the destination RLC entities can be developed on top.
The two MAC CEs are expected to be sent at different times, with the new MAC CE being sent much less often than the legacy one. For example, it is obvious that such leg selection commands have no reason to be sent when duplication is de-activated. And when duplication is activated, it should be sent only when the performance of the duplicated DRB does not meet the latency/reliability criteria of the DRB. And as we know since the Study Item [1], most of the time, the simple legacy duplication function is sufficient to meet IIoT requirements. So in our view the new MAC CE will be used infrequently compared with the legacy MAC CE, and at different times. So it makes sense to use two different MAC CEs, keeping the legacy MAC CE expected to be used most often.
[bookmark: _Ref20755406][bookmark: _Toc24046956]Proposal 1: The Rel-15 duplication activation/deactivation MAC CE is reused for PDCP duplication activation/deactivation in Rel-16.
Rel-16 duplication MAC CE
With the assumption that the legacy duplication activation/deactivation MAC CE is reused for the same purpose in Rel-16, there should be no functional overlap with the new Rel-16 MAC CE which should be reduced to adapting the RLC entities involved in the duplication, while never deactivating them such that only one remains active.
[bookmark: _Ref20755939][bookmark: _Ref20863385][bookmark: _Toc24046957]Proposal 2: The new Rel-16 MAC CE adapts the RLC entities involved in the duplication, while never totally deactivating duplication.
Based on above discussion, we can down-select the Rel-16 duplication MAC CE from the alternatives in RAN2#107.
	The MAC CE signaling structure is either:
	a.	Per DRB signaling with the activation status of the associated RLC entities, or
	b.	All DRBs with the activation status of the associated RLC entities for each DRB


Since Rel-16 duplication MAC CE is used to adapt the RLC entities only, per DRB signaling, i.e., (option a) is enough.
[bookmark: _Toc24046958]Proposal 3: Per DRB signalling with the activation status of the associated RLC entities can be adopted as Rel-16 duplication MAC CE.
Duplication activation/deactivation mechanism with the two MAC CEs
Initial active RLC entities for PDCP duplication
To activate part of RLC entities among the configured RLC entities for a DRB, there are two options when the duplication is activated at the first time:
· Option 1: RRC configures initial active RLC entities of the DRB for PDCP duplication. When UE received Rel-15 duplication MAC CE to activate duplication for the DRB, the configured initial active RLC entities are activated. Rel-16 duplication MAC CE is used to change the active RLC entities when needed. 
· Option 2: Rel-15 duplication MAC CE is used to activate duplication and a following Rel-16 duplication MAC CE is used to indicate the active RLC entities for the DRB.
In option 1, gNB can configure appropriate RLC entities for duplication in advance and PDCP duplication can take effect immediately when UE receives Rel-15 duplication MAC CE. In option 2, UE needs to receive two MAC CEs and then activate duplication. So we need to resolve some extra questions, such as the time delay between the two MAC CEs, out-of-order reception of the two MAC CEs, issues incurred by possible MAC CE drop, etc. Then option 1 is preferred.
[bookmark: _Toc24046959]Proposal 4: RRC configures the initial active RLC entities of the DRB for PDCP duplication.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Rel-15 duplication MAC CE format includes duplication indication for all DRBs. When UE received a Rel-15 duplication MAC CE, for the DRBs whose duplication status are not changed, that is, Di field is set to 1 for the duplication activated DRB, UE should not change the active RLC entities.
[bookmark: _Toc24046960]Proposal 5: When UE receives a Rel-15 duplication MAC CE, if Di field is set to 1 for the duplication activated DRB, UE should keep the active RLC entities of the DRB.

Active RLC entities when duplication is re-activated
With above approach, a DRB can be configured with duplication using an initial configuration of active legs among the total configured legs. After duplication activation, the new leg adaptation MAC CE can dynamically change this configuration of active legs. Now, when duplication is deactivated by the Rel-15 MAC CE, the DRB falls back to the primary leg. Then when duplication is activated again by the Rel-15 MAC CE, there are two options:
· Option 1: the configuration of active legs resumes from the initial state of the RRC configuration.
· Option 2: the configuration of active legs resumes from the last configuration before duplication deactivation.
Option 1 is simple for UE implementation and is aligned with UE behavior of initial duplication activation. On the other hand, Option 2 can be an optimization because it reflects the last optimal configuration. Considering the time plan and simplify the UE implementation, Option 1 is preferred.
[bookmark: _Ref20755943][bookmark: _Toc24046961]Proposal 6: When PDCP duplication is re-activated by Rel-15 MAC CE after deactivation, the configured initial active RLC entities of the DRB should be used.
Conclusion
This contribution discusses duplication MAC CEs in Rel-16, and provides below proposals.
Proposal 1: The Rel-15 duplication activation/deactivation MAC CE is reused for PDCP duplication activation/deactivation in Rel-16.
Proposal 2: The new Rel-16 MAC CE adapts the RLC entities involved in the duplication, while never totally deactivating duplication.
Proposal 3: Per DRB signalling with the activation status of the associated RLC entities can be adopted as Rel-16 duplication MAC CE.
Proposal 4: RRC configures the initial active RLC entities of the DRB for PDCP duplication.
Proposal 5: When UE receives a Rel-15 duplication MAC CE, if Di field is set to 1 for the duplication activated DRB, UE should keep the active RLC entities of the DRB.
Proposal 6: When PDCP duplication is re-activated by Rel-15 MAC CE after deactivation, the configured initial active RLC entities of the DRB should be used.
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