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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]UE based PDCP duplication activation/deactivation is an important issue for resource efficiency in NR IIoT WID [1], see below extract. This contribution discusses UE based duplication activation/deactivation mechanism options and proposes HARQ/ARQ based trigger as a simple and efficient method well suited for TSN flows.
	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 TR 38.825 [2], UE based duplication activation/deactivation is defined as a complement of NW controlled duplication and we need to study “if the benefit can be achieved within reasonable complexity increase” in Rel-16:
	Possible benefits in improving activation/deactivation of PDCP duplication could be to define UE based, configurable criteria or other to allow a more dynamic activation and deactivation of duplication for an RLC entity/leg or bearer. This would complement the extent to which the number of duplicates on active bearers are used. However, it is not clear from this study item if the benefit can be achieved within reasonable complexity increase.



In the previous meetings, some criteria for UE based activation/deactivation were mentioned.
a) L1 measurement:
The gNB could enable UE to activate duplication for channel deterioration and deactivate duplication for good channel based on L1 channel measurement. However, whether DL radio quality criterion is valid for duplication activation/deactivation depends on the DL/UL channel reciprocity and, for the gNB to be aware of the duplication activation, it would require it to be somehow synchronous with a CSI report. As a result it is unclear how appropriate (for UL) and faster than legacy MAC CE such criterion can be.
[bookmark: _Ref16582474]Observation 1: L1 measurement is not a suitable criterion for UL duplication.
b) HARQ/ARQ criterion
In HARQ based solution, UE can activate duplication upon detection of TB transmission failure, such as receiving DCI for a re-transmission. 
As discussed in [3], we take the following example:
· Transfer interval = 1 ms
· end-to-end latency = 0.5 ms (=> reaction time = 0.5 ms)
The question is: in UL, how to quickly activate duplication for the 2nd message upon detecting a message failure if we cannot bear 2 consecutive transmission failures (a typical requirement of TSN flows [4])?
UE based activation upon receiving DCI for re-Tx is shown in Figure 1, and MAC CE based activation is shown in Figure 2. UE based activation has lower delay and can meet the reaction time deadline, without involving any specific signaling from gNB. It should be noted that, as illustrated in the below figures, for such flows with tight transfer intervals (time elapsed between any two consecutive application messages), the very next transmission after the HARQ failure will not be the re-transmission of the failed PDU but instead a new data transmission on a different HARQ process. And the proposed mechanism allows activating the duplication as soon as for the very next transmission.


Figure 1: Duplication activation upon receiving DCI for re-transmission



Figure 2: Duplication activation by MAC CE
[bookmark: _Ref16582478]Observation 2: UE HARQ-based duplication activation is faster than NW MAC CE based duplication activation.
[bookmark: _Ref16582485]Observation 3: UE HARQ-based duplication activation is well suited for addressing the tough performance requirements of periodic deterministic communication services in TS 22.104 [4].
How gNB knows UE activated the duplication for that DRB upon getting a retransmissions request since it could not decode the UL-SCH?
The gNB has pre-configured the duplication parameters for the DRB that can be activated/deactivated by UE, such as LCP mapping restrictions. It is also aware of the UE’s buffer status. As a result, when providing such UL grant (either configured or dynamic) targeted for a TSN DRB, gNB obviously expects such DRB to be included in the MAC PDU generated for that grant. Hence, when requesting a re-transmission for that UL grant, gNB unambiguously knows it will trigger the duplication activation at the UE.

[bookmark: _Ref16582489]Observation 4: UE HARQ-based duplication activation allows unambiguous and instantaneous gNB awareness of the duplication status, and does not require introducing any information exchange between gNB and UE.
How suitable UL grant(s) is(are) timely made available for the duplicated copy(ies)?
This feature can apply to configured grants, as in the above example or to dynamic grants. Configured grants for duplicated copies can be made available e.g. in another CC and either skipped or used by eMBB traffic when duplication is inactive. Alternately, since gNB is aware of the duplication activation triggered by the re-transmission request, it can simultaneously schedule UL grants in the other CC.
[bookmark: _Ref16582494]Observation 5: UL grant(s) can be made available for the duplicated copy(ies) via configured grants or explicit dynamic grants.
From the above, it appears that HARQ feedback criterion is attractive by its simplicity and high efficiency for IIoT WID.
[bookmark: _Ref16582529]Proposal 1: For some specific DRBs, UE implicitly activates duplication upon receiving non-toggled NDI for an UL HARQ process carrying that DRB.
Can this be extended to ARQ feedback criterion?
The question of ARQ criterion is whether it can satisfy the low latency requirements in IIoT. However it benefits from the same simplicity, instant gNB awareness and ease of availability of UL grants for duplicated copies, which makes it an attractive option as well that we propose to also consider.
[bookmark: _Ref16582538]Proposal 2: RAN2 should also consider ARQ feedback criterion for UE-based duplication activation.
c) Timer criterion
Timer criterion can be used as a complement of the HARQ/ARQ based solution. Figure 3 is an example of timer criterion with HARQ based solution. There are two possible timers: T_activation and T_deactivation.
· Activation: While duplication is deactivated, T_activation starts when an original copy is transmitted. If T_activation expires and UE did not receive any feedback of successful transmission of the original copy (namely DCI with toggled NDI for the HARQ process), duplication is activated. 
· Deactivation: To guarantee the reliability of following packets, the duplication status can be kept active for a period of time. T_deactivation starts when duplication is activated. If T_deactivation expires and every TB within T_deactivation is transmitted successfully without retransmission, duplication is deactivated.


[bookmark: _Ref14436054]Figure 3: Timer based activation/deactivation
For ARQ based solution, timer criterion can be used with RLC feedback.
[bookmark: _Ref16582542]Proposal 3: T_activation and/or T_deactivation could be considered as complement of the HARQ/ARQ based solution.
Conclusion
This contribution discusses UE based duplication activation/deactivation and provides below observations and proposals.
Observations:
Observation 1: L1 measurement is not a suitable criterion for UL duplication.
Observation 2: UE HARQ-based duplication activation is faster than NW MAC CE based duplication activation.
Observation 3: UE HARQ-based duplication activation is well suited for addressing the tough performance requirements of periodic deterministic communication services in TS 22.104 [4].
Observation 4: UE HARQ-based duplication activation allows unambiguous and instantaneous gNB awareness of the duplication status, and does not require introducing any information exchange between gNB and UE.
Observation 5: UL grant(s) can be made available for the duplicated copy(ies) via configured grants or explicit dynamic grants.

Proposals:
Proposal 1: For some specific DRBs, UE implicitly activates duplication upon receiving non-toggled NDI for an UL HARQ process carrying that DRB.
Proposal 2: RAN2 should also consider ARQ feedback criterion for UE-based duplication activation.
Proposal 3: T_activation and/or T_deactivation could be considered as complement of the HARQ/ARQ based solution.
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