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1	Introduction
To improve reliability and latency performance required by various emerging 5G use cases, PDCP duplication has been adopted in Rel-15 as an approach to enable URLLC. The SI of NR Industrial IoT [1] aims to further enhancing PDCP Duplication in a bid to tackle applications with more stringent requirements, such as motion control of robotic equipment at a smart factory. In particular, the following objective has been captured in the SID:
	a) [bookmark: _Hlk524312897][bookmark: _Hlk524312950]Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
i) Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
ii) PDCP duplication with more than 2 copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes : assessment of the gains, and if beneficial, study the associated solutions. 
iii) Potential impacts of higher layer multi-connectivity as studied by SA2.




To identify the enhancements for PDCP duplication, the RAN2 email discussion [2] has been triggered, which has concluded the following:
“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.”
Furthermore, resource efficiency can also be achieved via timely activation/deactivation of PDCP duplication, and the email discussion has the noted the following:
“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.”
In light of these potential conclusions of the SI, this contribution aims to present some possible solutions that can be further investigated in the WI phase.

2	Discussion
2.1	PDCP Duplication in Rel-15
In Rel-15, data can be duplicated at the PDCP sublayer and transmitted over different CCs within a CG (CA-based) or across two CGs (DC-based). Such mechanism allows the same data to be transmitted on two independent paths in the air interface, thereby exploiting the diversity gain to enhance reliability, which in turn also reduces the latency potentially caused by HARQ/ARQ re-transmissions. Simulation results (such the ones in [3]) have verified the benefits of PDCP duplication, where the latency can be reduced by at least 20% as compared to cases without sending multiple copies. Moreover, uplink PDCP duplication per DRB is activated via lower-layer signalling namely MAC CE, which provides a flexible and dynamic way to maintain the system efficiency.
Nevertheless, it is notable that the use of such feature may result in performance degradation if the scheme is not properly configured. In particular, misuse of PDCP duplication could create more interference and increases queueing delay, as well as causing unnecessary power consumption of the UEs, which is indeed undesirable for many IoT devices for industrial purposes such as battery-powered sensors, actuators, and Automated Guided Vehicles (AGVs). This has motivated the SI of NR IIoT to examine whether the existing PDCP duplication schemes can be enhanced to further improve the efficiency.
Observation 1: PDCP duplication scheme in Rel-15 has shown to be an effective approach to achieve URLLC. The NR IIoT SI aims to study if further enhancement is needed to improve its efficiency.  
In this perspective, we noted a few areas where the existing PDCP duplication in Rel-15 could be enhanced:
· Area 1: Reducing the reaction time of gNB if the DL duplicated PDCP PDU(s) can be discarded. 
· Area 2: Reducing the impacts of duplication to other traffics in the queue. 
· Area 3: Reducing the number of unnecessary DL/UL duplicates to improve resource efficiency. 
Notably, Area 1 is relating to selective discarding, which has been deemed less important for this SI from the email discussion [2]. On the other hand, both Area 2 and Area 3 can be facilitated via certain selective duplication scheme or more efficient activation/deactivation mechanisms of PDCP duplication. The rest of the paper focuses on the solutions targeting at Area 2 and Area 3.

2.2	Selective Duplication
Although PDCP duplication results in reliability improvement and latency reduction for a user, it is undesirable for such scheme to jeopardize the system performance as a whole. For instance, when downlink PDCP duplication is conducted via a DC deployment, a duplicated packet when processed by the secondary node could cause queuing delay to other more urgent packets targeted at some other UEs. To improve the overall system efficiency, coordination between the network nodes could be beneficial, and additional information could be provided by the master node to the secondary node to facilitate more optimal scheduling decisions. For example, as the original packets at the master node will be scheduled with high priority due to the tight URLLC requirements, the master node may recommend the secondary node to process the duplicated packet with a more relaxed scheduling and/or link adaptation policy, in a bid to decrease the impact on other high-priority packets queued at the secondary node. 
Proposal 1: For DC-based downlink PDCP duplication, the master node (hosting PDCP) could provide additional information to the secondary node (hosting the secondary RLC entity) to assist scheduling decisions related to duplicate packets (e.g. by indicating a more relaxed resource assignment), to avoid additional queueing delay to other traffic.
Also, it should be observed that assuming a BLER target for first transmissions of 1%, on average 99% of the duplicate transmissions will be redundant. Therefore, an effective mean to avoid unnecessary duplicate transmissions would be to hold back a duplicate packet at the secondary RLC entity until further indication is received on the status of the other copy of the packet (i.e. received or not received by the UE), whereupon the duplicate is either discarded or immediately transmitted. To exploit such enhancement, obviously the overall delay budget should allow for at least one HARQ retransmission and therefore it is applicable to the URLLC scenarios with 1 ms latency budget (assuming short TTI is employed). Specifically, Table 8 in [4] reveals that for UE processing capability 2 (URLLC), the downlink user plane latency with 1 retransmission is 0.866 ms, under the assumptions of 2-symbol slot scheduling and 30 kHz SCS. Further study by RAN3 may be required to determine the required inter-node signalling procedures.
Proposal 2: For DC-based downlink PDCP duplication, the master node (hosting PDCP) could indicate to the secondary node (hosting the secondary RLC entity) to hold back a duplicate packet and, conversely, to indicate the need to timely transmit a duplicate packet.
For uplink PDCP duplication, selective duplication could be enabled by allowing the UE to autonomously decide whether a duplicated PDCP PDU should be further processed and transmitted by checking if pre-configured conditions (e.g. certain criteria associating to its counterpart (the original PDCP PDU)) are met. For example, the processing of a duplicated PDCP PDU could be conditioned to whether the MCS assigned to the transmission of (parts of) the original PDCP PDU is lower than a certain threshold level. When a low MCS is applied, the transmission of the original PDCP PDU could be deemed to be carried out in a reliable manner already, and hence transmission of duplicates could be exempted. Alternatively, one could also instruct the UE to perform duplicated transmission only when the MCS for the original packet is too low, as it may imply a poor channel condition associated to the link for the original packet. Apart from MCS, other types of condition relating to lower layer configuration of the original packet transmission (such as power level, bandwidth size, and grant type) could be considered. With such mechanism, selective processing of duplicated PDCP PDUs can be carried out automatically without needing to wait for an indication from the network side. The most suitable triggering criteria to enable such scheme may be further examined in the WI phase.
Proposal 3: For uplink, a UE may selectively process and transmit a duplicated PDCP PDU in accordance to certain pre-configured criteria. RAN2 may study which criteria would be more suitable to enable more efficient selective UL PDCP duplication in the WI phase.

2.3	Efficient Activation/Deactivation of PDCP Duplication
[bookmark: _GoBack]As aforementioned, PDCP duplication in uplink is activated in a DRB basis via MAC CE from the gNB, which allows the UE to activate and deactivate duplication in a dynamic manner. Based on the uplink selective duplication scheme discussed above, activation/deactivation of PDCP duplication could be realized via pre-configured criteria, too. That is, once a DRB duplication is activated as in Rel-15, it could be deactivated autonomously by the UE if certain conditions (e.g.criteria relating to the original copy) are met without reception of the MAC CE from the gNB. Similarly, PDCP duplication could be activated (or re-activated) by the UE in response to the occrence of certain events. For example, a triggering event could be when the performance of the original copy has dropped below a threshold. Due to the dynamic nature of the wireless system, a timer could be used to avoid frequent activation/deactivation. Specifically, a timer may start when certain conditions are met, and the UE should only activate/deactivate PDCP duplication if the triggering conditions are still valid when the timer expires. That is, the UE should not activate/deactivate PDCP duplication immediately as it could be too imprudent, until the triggering conditions have remained for a certain period of time. Based on such scheme, dynamic signaling such as MAC CEs could be avoided and hence improving the efficiency.
Proposal 4: The efficiency of control of activation/deactivation of PDCP duplication can be improved via schemes based on pre-configured criteria. The details of which should be further studied in the WI phase. 

3	Conclusions
The paper describes our views on resource efficient PDCP duplication. Based on the existing duplication scheme in Rel-15 and the scenario considered by this SI, we have made the following observation:
Observation 1: PDCP duplication scheme in Rel-15 has shown to be an effective approach to achieve URLLC. The NR IIoT SI aims to study if further enhancement is needed to improve its efficiency.  
The areas for potential enhancement include:
· Reducing the reaction time of gNB if the DL duplicated PDCP PDU(s) can be discarded.
· Reducing the impacts of duplication to other traffics in the queue.
· Reducing the number of unnecessary duplicates to improve resource efficiency.
In light of this, we pointed out a few prospective enhancement directions for both selective duplication and efficient activation/deactivation of PDCP duplication, these include: 
Proposal 1: For DC-based downlink PDCP duplication, the master node (hosting PDCP) could provide additional information to the secondary node (hosting the secondary RLC entity) to assist scheduling decisions related to duplicate packets (e.g. by indicating a more relaxed resource assignment), to avoid additional queueing delay to other traffic.
Proposal 2: For DC-based downlink PDCP duplication, the master node (hosting PDCP) could indicate to the secondary node (hosting the secondary RLC entity) to hold back a duplicate packet and, conversely, to indicate the need to timely transmit a duplicate packet.
Proposal 3: For uplink, a UE may selectively process and transmit a duplicated PDCP PDU in accordance to certain pre-configured criteria. RAN2 may study which criteria would be more suitable to enable more efficient selective UL PDCP duplication in the WI phase.
Proposal 4: The efficiency of control of activation/deactivation of PDCP duplication can be improved via schemes based on pre-configured criteria. The details of which should be further studied in the WI phase. 
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