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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In IIoT SI, resource efficiency is an important issue of L2/L3 enhancement. It impacts whether PDCP duplication can be used extensively in NR network.
This contribution discusses resource efficient PDCP duplication in the RAN2 scope. The SI objective of coordination between the nodes for PDCP duplication activation is within the RAN3 scope.
Discussion
PDCP duplication was introduced in Rel-15 for reliability enhancement in higher layer. NR Rel-15 PDCP duplication has the below basic features:
· Scenarios: Support 2-leg CA duplication and 2-leg DC duplication.
· Configuration: PDCP duplication is configured in RRC.
· Activation/deactivation: SRB is activated after configuration. The initial activation/deactivation state of DRB is configured by RRC signalling and DRB PDCP duplication is activated /deactivated by MAC CE.
· Redundant packet discard: PDCP indicates AM RLC entity to discard the duplicated data PDU if the successful delivery of a PDCP Data PDU is confirmed by another RLC entity of the two associated AM RLC entities.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]In NR Rel-15, all PDCP PDUs of the same RB should be duplicated when duplication is activated, and   only PDCP data duplicate in AM mode can be discarded when RLC ACK is received in one leg because PDCP layer can only receive the feedback from the RLC AM entity due to RLC ARQ. HARQ-based solutions for RLC-UM were also discussed in Rel-15 [2] without reaching consensus. Resource efficient PDCP duplication is an important issue in IIoT because PDCP duplication will be widely used for URLLC services. Therefore we need to continue studying efficient solutions for URLLC duplication.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Discard redundant duplicate efficiently
Discarding redundant duplicate is the way adopted in Rel-15. We look at potential further enhancements to improve the efficiency of PDCP duplication.
1. Enhancement of PDCP status report
In current PDCP spec, PDCP status report is used in restricted scenarios as below. If the transmitter node can get PDCP acknowledgement quickly, it can discard the duplicate PDCP PDUs that have been acknowledged. 
	[bookmark: _Toc525809078][bookmark: _Toc525809079]5.4	Status reporting
5.4.1	Transmit operation
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery.


To reach the purpose of discarding redundant duplicate, PDCP status report can be used in the scenario of normal transmission, and the frequency of PDCP status report should be increased.


Figure 1 Discard redundant duplicate via enhanced PDCP feedback

2. Inter-layer interaction
After the transmitter received an acknowledgement from the receiver, it could inform the PDCP sub-layer to delete the redundant duplicate. The acknowledgement could be a HARQ feedback in PHY layer (when available) or ARQ in RLC sub-layer. 
The possible impacts of this solution are:
· Inter-layer interaction: Inter-layer interaction should be introduced in L2 or L1 specifications, depending on which layers are involved.
· Enhancements of RLC ARQ:
· More frequent RLC ARQ feedback should be introduced if we want to use RLC ARQ practically for redundant discard. 
· Moreover, we need to discuss if a similar reporting mechanism should be introduced for RLC UM, for the purpose of redundant duplicate clean-up.
· A possible enhancement is that RLC status report takes into account the successful PDU reception on the other RLC entity (of the other leg) via PDCP.
· PDCP PDU tracing to lower layer: Since pre-processing is considered in NR, it is possible that the duplicate PDCP PDU in one leg has been delivered to lower layers such as MAC sub-layer before the feedback of another leg was received. In this case, it is useless to inform PDCP sub-layer about the acknowledgement of one leg at all. From this side, the really efficient way is to track the duplicate PDCP PDUs to lower layer (such as RLC sub-layer or MAC sub-layer) and delete them from buffer before they are transmitted in air interface. Of course, to implement the PDCP PDU tracing, many details such as RLC segmentation and MAC multiplexing complicate the solution.


Figure 2 Discard redundant duplicate via inter-layer interaction

[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Fast deactivation
In Rel-15, duplication activation is fully under gNB control but is typically triggered in support of channel conditions degradation, a new incoming URLLC flow/burst or (a new requirement from IIoT services) to react quickly to a service transition to survival time [3]. However, packet duplication is resource hungry and it is also important that, when no longer needed, the duplication is de-activated to prevent from unnecessary spectral usage. In DL, gNB can use the configured RLC entities when necessary. In UL, PDCP duplication is currently activated /deactivated by gNB via MAC CE. But MAC CE deactivation still involves some latency as shown in Figure 3 and resource waste is unavoidable. Therefore, means for fast deactivation should be considered.


[bookmark: _Ref536784389]Figure 3 The time delay of duplication MAC CE
1. Duplication deactivation by L1 signalling
The physical layer is the first aware of the channel condition and HARQ feedback, and L1 signalling is faster than MAC/RRC signalling.
The issue of the L1 signalling compared with MAC/RRC signalling is its reliability (no re-transmission). But improving the reliability of L1 signalling, e.g. resending L1 signalling, is rather in the scope of the eURLLC SI in RAN1. 
2. Duplication deactivation autonomously
However, UE can derive the information for duplication (de)activation by itself. If UE can (de)activate duplication autonomously after duplication configuration, the resource for duplication can be used more efficiently.
Some examples of the criterions used by UE to (de)activate duplication are:
· The statistic of downlink reference signalling measurement, e.g. RSRP;
· The statistics of HARQ retransmission and/or RLC NACK;
Selected packets 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 should 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. We also discuss fast activation scheme in support of survival time in [3].   
Proposal: Consider the Resource efficient PDCP duplication from below aspects and capture above solutions in TR:
· Discard redundant duplicate efficiently
· Enhancement of PDCP status report
· Inter-layer interaction
· Fast activation/deactivation
· Duplication activation/deactivation by L1 signalling
· Duplication activation/deactivation autonomously
· Selected packets duplication
Conclusion
This contribution discusses possible methods for resource efficient PDCP duplication.
Proposal: Consider the Resource efficient PDCP duplication from below aspects and capture above solutions in TR:
· Discard redundant duplicate efficiently
· Enhancement of PDCP status report
· Inter-layer interaction
· Fast activation/deactivation
· Duplication activation/deactivation by L1 signalling
· Duplication activation/deactivation autonomously
· Selected packets duplication
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