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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]NR IIoT WID was approved in RAN#83 [1] and below objective should be addressed. This contribution discusses the enhancement of resource efficiency for PDCP duplication.
	1. The detailed objectives for NR PDCP duplication enhancements are:
· 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 [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].
· 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].
· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].


Discussion
In TR38.825 [2] and the WID, except for MAC CE based activation/deactivation addressed in NR Rel-15 and possible enhanced PDCP duplication model in Rel-16, two new aspects are also considered: UE based activation/deactivation and per-packet selective duplication.
UE based activation/deactivation
1) Motivation of UE based activation/deactivation
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Because UE can get the channel condition and assess the transmission reliability of each TB (L1 assessment) or each packet (L2 assessment) quickly in UL transmission, UE based PDCP duplication activation/deactivation is beneficial to both reliability and resource efficiency. For duplication activation, UE can send duplicate packet immediately and reach required latency and reliability without waiting for gNB explicit indication (MAC CE). For duplication deactivation, UE can stop duplicate transmission when one leg is enough to satisfy the latency and reliability requirements.
For better understanding, some examples are listed below:
- Channel condition is deteriorated suddenly and it will be too late to wait for gNB to activate PDCP duplication. For example, in case UE observes sudden beam blockage in DL (via CSI measurements), by the time UE reports the CSI and gNB reacts, UE may never receive the duplication MAC CE. 
- UE cannot afford consecutive packets failure, for example, considering survival time [3].
- UE met some considerable error for specific DRB, such as (possible consecutive) HARQ NACK or RLC NACK.
On the other hand, to avoid PDCP duplication activation/deactivation out of control, some criteria specified by gNB are needed.
2) Criteria
Below criteria could be discussed:
· L1 measurement: gNB enables UE to activate duplication for channel deterioration and deactivate duplication for good channel based on L1 channel measurement, whether the radio quality threshold should be provided by gNB is FFS.
· HARQ criterion: gNB configures UE activating duplication when consecutive HARQ NACK .For example, gNB could enable UE to activate duplication after one HARQ NACK is received because UE cannot afford consecutive data failure [3].
· RLC criterion: gNB configures the number of RLC NACKs for duplication activation.
· Timer for duplication deactivation: to improve resource efficiency, UE should deactivate PDCP duplication when one leg is enough for latency and reliability after PDCP duplication activation. For example, gNB could configure a deactivation timer and UE should deactivate duplication when the deactivation timer expires and no HARQ NACK has been received in any leg or RSRP is always above a specified threshold.
[bookmark: _Ref4687290]Proposal 1: Below criteria could be considered for UE based activation/deactivation:
· L1 measurement ;
· HARQ criterion ;
· RLC criterion ;
· Timer based duplication deactivation.

3) How gNB knows the duplication activation/deactivation
Since the criteria were provided by gNB, we can assume that gNB can be aware of the UE based duplication activation/deactivation and schedule UE in proper leg(s). For example, gNB can get CSI report and know the channel deterioration if L1 measurement criterion is applied; alternately duplication activation could trigger BSR to let gNB know there is data for transmission in the duplicate LCH.
Another option is to introduce a new UE indication to inform gNB about UE based duplication activation/deactivation. However, we should not introduce extra mechanism without strong justification and current UL information such as CSI report and BSR are feasible without additional complexity.
[bookmark: OLE_LINK13][bookmark: _Ref4687287][bookmark: OLE_LINK12]Proposal 2: gNB can be aware of UE based duplication activation/deactivation via current UL information, such as CSI report or BSR. There is no need to introduce extra UE indication of duplication activation/deactivation.
[bookmark: OLE_LINK18][bookmark: OLE_LINK17]Per-packet selective duplication
Generally speaking, the flows mapped to the same DRB should have the same QoS characteristics. It is not necessary to differentiate the packet priority within one DRB due to QoS requirement. So it seems not necessary to duplicate part of packets in one QoS flow or one DRB in a steady transmission conditions.
However, UE could consider only duplicating the packets experiencing some special condition. For example, during handover or PDCP data recovery procedure, some data can be delayed during path switch. To transmit the delayed data within the time requirement, we can consider transmitting these data with high probability of success in one shot by PDCP duplication. Similarly, UE could duplicate the data kept in buffer for a period of time. As another example, PDCP could duplicate on an RLC entity of a duplication scheme SDUs for which the other RLC entity has received RLC NACK.    
It is expected that this feature will be used selectively for some traffic types, e.g. URLLC. Since per-packet selective duplication should not be applied to all services, gNB needs to configure this feature per RB when PDCP duplication is configured.
[bookmark: _Ref4687274]One feasible criterion is time budget. The gNB can configure a PDCP timer similar to (but much shorter than) discardTimer. When the data is still kept in PDCP sublayer or didn’t received RLC ACK when the new timer expires, UE should duplicate the data and transmit in all active legs.
Proposal 3: gNB could enable the feature of “per-packet selective duplication” per RB when PDCP duplication is configured.
Proposal 4: gNB should configure the criterion of per-packet selective duplication, for example, a new PDCP timer can be considered.
Conclusion
This contribution discusses the enhancement of resource efficient PDCP duplication and provides below proposals.
Proposal 1: Below criteria could be considered for UE based activation/deactivation:
· L1 measurement ;
· HARQ criterion ;
· RLC criterion ;
· Timer based duplication deactivation.
Proposal 2: gNB can be aware of UE based duplication activation/deactivation via current UL information, such as CSI report or BSR. There is no need to introduce extra UE indication of duplication activation/deactivation.
Proposal 3: gNB could enable the feature of “per-packet selective duplication” per RB when PDCP duplication is configured.
Proposal 4: gNB should configure the criterion of per-packet selective duplication, for example, a new PDCP timer can be considered.
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