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Introduction
Based on RAN#83 meeting, the NR IIoT WI has been approved which specifies the following objectives,
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].

In this contribution, we provide some considerations on PDCP duplication enhancements which are focused by RAN2.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]PDCP duplication with up to 4 RLC entities
According to the last RAN2 meeting, the agreement stating that up to 4 RLC legs per bearer could be configured is achieved. 
Based on the agreements stated above as well as the enhancement for CA, DC(NR only) and DC+CA(NR Only) are considered, these RLC entities can be set in only one node or both two nodes. Therefore, some inter-node coordination between MN and SN is needed for both two nodes to set RLC entities. MN should provide some necessary information for SN, for example, the amount of RLC entities/legs in MN and SN, and the number of RLC entities should be set by SN. 
Proposal 1: Inter-node coordination is needed between MN and SN to set RLC entities for data duplication. MN should provide necessary information for two nodes to set RLC entities, such as the amount of RLC entities/legs in  MN and SN and the number of RLC entities should be set by SN.
In addition, PDCP duplication supports a configuration delivering up to 4 copies could be considered as a baseline, so that to satisfy the eight-9 reliability requirement indicated by some scenarios.
Initially, in our understanding that if only two legs are activated with RLC UM that reduces the latency for transmission to the peer PDCP entity, then the super low error rate should be totally dependent on HARQ mechanism at the MAC layer as well as enhanced mechanisms at the PHY layer. Consequently, the reliability requirement may be a hard target to achieve with a stringent latency requirement for each packet. However, from RAN1 LS [1] in RAN1 meeting #AH-1901, the simulations were executed and the conclusion is listed below:
	[bookmark: _Hlk536158423]On reliability analysis using single UE link level evaluations, RAN1 makes the following conclusions: 
· For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication). It is RAN1 conclusion that PDCP duplication is not always available/applicable.



The simulation analysis in RAN1 indicates that in some use cases, i.e. use case I, most of UEs in cell, even the UEs at the cell-edge, can achieve the reliability requirement of TSN network when no PDCP duplication is applied while the one way latency is satisfied.  Based on the conclusion from the RAN1 simulation, the reliability requirement of TSN network could be guaranteed by other methods, i.e. low MCS level used in RAN1 simulation assumption.  Therefore, the PDCP duplication is not always needed; while the increased number of PDCP copies leads to the increase of unnecessary load and redundancy in network. Since the reliability requirement of TSN can be guaranteed between 1e-4 and 1e-6 without PDCP duplication, and the eight-9 reliability requirements can be achieved by merely two activated legs, it is not necessary to increase the number of actual transmitted PDCP copies up to 4 in Rel-16.
Observation 1: During WI phase, the benefit of transmitting up to 4 copies is better to be supported by simulations.
Observation 2: Since the reliability requirement of TSN can be guaranteed between 1e-4 and 1e-6 without PDCP duplication, and the eight-9 reliability requirements can be achieved by merely two activated legs, it is not necessary to support up to 4 copies in Rel-16.
Proposal 2: It is proposed not to increase the number of activated legs more than 3 in Rel-16.
Dynamic control mechanism & resource efficient enhancement
In CA or DC architecture, the condition of links could be varied on different legs. If more than 2 legs are configured for data transmission in CA or DC architecture, it is beneficial to select the suitable RLC legs with better radio condition for PDCP copies. The progress of the last meeting indicates that the MAC CE method is preferred for NW dynamic control. To fulfill the dynamic control of RLC bearer selection while maintaining the backward compatibility, a new MAC CE could be introduced (other than replacing the current Duplication Activation/Deactivation MAC CE) with following options on possible definitions:
Option1: The MAC CE explicitly indicates the DRB ID, the LCH ID (or an index for the LCH within the associated DRB) and whether it is used for activation/deactivation for the selected RLC bearer.
Option2: The MAC CE adopts a per UE bitmap, with each position implicitly identifying the corresponding DRB as well as LCH associated with the UE, to indicate the activation/deactivation of the selected RLC bearer.
Option3a: The MAC CE adopts a per MAC entity bitmap, with each position implicitly identifying the corresponding DRB as well as LCH associated with the corresponding MAC entity, to indicate the activation/deactivation of the selected RLC bearer.
Option3b: The MAC CE adopts a per MAC entity bitmap, with each position implicitly identifying the corresponding DRB as well as LCH associated with the corresponding MAC entity, to indicate the activation/deactivation of the selected RLC bearer. In addition, for DC case and DC+CA case, the duplicated DRB information is only associated with one of the MAC entity (i.e. the MAC CE to indicate RLC bearer selection for the corresponding DRB can only be transmitted through one selected MAC entity).
Option3c: The MAC CE adopts a per MAC entity bitmap, with each position implicitly identifying the corresponding LCH associated with the corresponding MAC entity, to indicate the activation/deactivation of the selected RLC bearer.
Fig.1 below gives an exemplary illustration of bitmap based options (2, 3a-c), assuming there are only two configured legs for each duplicated DRB,


Fig.1 An exemplary illustration of bitmap based options
Compared to other options, Option1 is more probable to adopt a variable size of the MAC CE, which would introduce a significant overhead when there are multiple RLC bearers selected for activation/deactivation; while Option2 and 3a-c follows the bitmap design, which could maintain a fixed length of the new introduced MAC CE. Compared to Option3a-c, Option2 provides the flexibility to indicate RLC bearer selection especially for DC and DC+CA case, but has to contain all information on the duplicated DRB associated with the UE in the content of the new introduced MAC CE; while Option3c only indicates the LCH information from which the DRB information could be implicitly associated. Option 3a-b can be regarded as a trade-off between Option2 and Option3c. Note that the basic Duplication Activation/Deactivation MAC CE adopts a method similar to Option2, but with more configured RLC entities for each associated duplicated DRB, a per MAC entity approach (Option 3a-c) should also be considered.
The Table.1 below provides a comparison among different options,
Table.1   A comparison among different options
	
	Option 1
	Option 2
	Option 3a
	Option 3b
	Option 3c

	MAC CE length
	Variable
	Fixed
	Fixed
	Fixed
	Fixed

	Content Overhead
	High
	Medium
	Low
	Lower
	Lowest

	Ability of RLC leg (de-)activation on another CG
	Good
	Good
	Bad
	Worse
	Worst

	Unified config. for two CGs
	Yes
	Yes
	No
	No
	No



Proposal 3: A new MAC CE should be introduced to perform RLC bearer selection.
Proposal 4: The above-mentioned options (explicit indication/bitmap approach, on a per UE or per MAC entity basis) should be discussed for the content of the new introduced MAC CE.
Besides the dynamic control by NW, RAN2 has also identified that the PDCP duplication activation/deactivation request/notify MAC CE from UE could be an alternative approach, and the reason is provided as follows:
Although the processing of downlink MAC CE is much faster than RRC configuration, it might still not meet the requirement of the URLLC data transmission. Further Enhancements could be made. For example, the gNB configures UE with conditions of PDCP activation/deactivation. After such condition is met, the UE could send an uplink MAC CE to the gNB to trigger the UL PDCP activation/deactivation. Then UE could trigger the UL data duplication itself, without receiving downlink data duplication MAC CE from the gNB.
Proposal 5: The MAC CE based method initiated by UE should be adopted as a normal approach in Rel-16 NR IIoT. FFS on detailed procedures.
Proposal 6: The content of UE initiated MAC CE could follow the same way as the new MAC CE potentially adopted by NW dynamic control.
Moreover, the UL per-packet selective duplication is considered in WI. According to the email discussion [2] before the last meeting, many companies have expressed their interest in introducing selective duplication on a packet basis, which facilitates to maintain the reliability for selected packets while ensuring the resource efficiency. As a summary, the candidate packets which can be considered for duplication is listed as follows,
· The packets corresponding to a specific QFI
· The packets corresponding to SRBs
· The packets which is identified as special or important, such as SDAP/PDCP Control PDU, IR-packet for header compression and I-frame of the video call
· The packets for PDCP or RLC re-transmissions
· The packets during handover, etc.
In our opinion, the WI discussion should start with the identification of benefits on duplications for above-mentioned packets before going through the details of the criteria used for selective duplication.
Observation 3: the candidate of UL per-packet selective duplication is listed as follows,
-	The packets corresponding to a specific QFI
-	The packets corresponding to SRBs
-	The packets which is identified as special or important, such as SDAP/PDCP Control PDU, IR-packet for header compression and I-frame of the video call
-	The packets for PDCP or RLC re-transmissions
-	The packets during handover, etc.
Proposal 7: RAN 2 can identify the metrics for evaluate on the solution of packet-based duplications:
· Implementation complexity on UE and gNB
· Impact on AS protocol stack
· Impact on signalling overhead
· Introduced handling latency
· Impact on High layer
· Etc.
Conclusions
In this paper, we have provided considerations on PDCP duplication enhancements in NR IIoT. The observations and proposals are listed below:
Proposal 1: Inter-node coordination is needed between MN and SN to set RLC entities for data duplication. MN should provide necessary information for two nodes to set RLC entities, such as the amount of RLC entities/legs in  MN and SN and the number of RLC entities should be set by SN.
Observation 1: During WI phase, the benefit of transmitting up to 4 copies is better to be supported by simulations.
Observation 2: Since the reliability requirement of TSN can be guaranteed between 1e-4 and 1e-6 without PDCP duplication, and the eight-9 reliability requirements can be achieved by merely two activated legs, it is not necessary to support up to 4 copies in Rel-16.
Proposal 2: It is proposed not to increase the number of activated legs more than 3 in Rel-16.
Proposal 3: A new MAC CE should be introduced to perform RLC bearer selection.
Proposal 4: The above-mentioned options (explicit indication/bitmap approach, on a per UE or per MAC entity basis) should be discussed for the content of the new introduced MAC CE.
Proposal 5: The MAC CE based method initiated by UE should be adopted as a normal approach in Rel-16 NR IIoT. FFS on detailed procedures.
Proposal 6: The content of UE initiated MAC CE could follow the same way as the new MAC CE potentially adopted by NW dynamic control.
Observation 3: the candidate of UL per-packet selective duplication is listed as follows,
-	The packets corresponding to a specific QFI
-	The packets corresponding to SRBs
-	The packets which is identified as special or important, such as SDAP/PDCP Control PDU, IR-packet for header compression and I-frame of the video call
-	The packets for PDCP or RLC re-transmissions
-	The packets during handover, etc.
Proposal 7: RAN 2 can identify the metrics for evaluate on the solution of packet-based duplications:
· Implementation complexity on UE and gNB
· Impact on AS protocol stack
· Impact on signalling overhead
· Introduced handling latency
· Impact on High layer
· Etc.
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