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1	Introduction
In the revised WID of NR IIoT [1], the following scope relating to PDCP duplication enhancement has been identified:
	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].
· Lower priority objective: 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 [RAN3].




This paper aims to provide our views on the need of network coordination for PDCP duplication in the uplink for scenarios such as NR-DC in combination with CA. Putting aside exact content and implementation of network coordination, which is under RAN3 responsibility, in this paper we discuss the need for RAN2 to set requirements for such network coordination in light of the RAN2#107 agreements on the Duplication controlling MAC CE format to be adopted in Release-16 [2]. 
2			Discussion
When PDCP duplication architecture involves DC (one RLC entity in each node), in Rel-15 it was agreed that no network coordination is needed. So either node (either MCG/SCG) can send the MAC CE to activate or deactivate the the secondary RLC entity for data duplication in the uplink direction (belonging e.g. to the SCG), irrespective of which node hosts the PDCP layer. Hence, the RLC entity in the SCG can be turned on/off depending on the activation state of PDCP duplication. In particular, the node of the SCG could determine whether duplication should be activated/deactivated, and send the corresponding MAC CE by itself to the UE, without the need of network coordination between MCG and SCG.
For Rel-16, up to 4 RLC entities can be configured for a DRB leveraging DC+CA architecture, so we could have different combinations of number of RLC entities hosted in MCG and SCG. Hence, the situation is different and generally more complicated as comparing to Rel-15.  At RAN2#107 the following agreements [2] were made to introduce Duplication Controlling MAC CE (with a new LCID) in Release-16 to dynamically control the activation (deactivation) of the RLC entities to be used for PDCP duplication out of the (up to 4) RLC entities configured in the uplink: 
	RAN2 #107 Agreements:
· The number of copies generated is equal to the number of active RLC entities, i.e. one copy per leg/RLC entity, and active/inactive state is determined by MAC CE.
· The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.
· At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)
· The MAC CE signaling structure is either:
a.	Per DRB signaling with the activation status of the associated RLC entities, or
b.	All DRBs with the activation status of the associated RLC entities for each DRB
· A new LCID is used for the Rel-16 MAC CE controlling PDCP duplication.  



Regardless of which MAC CE structure (listed in the RAN2 #107 agreement) will be adopted by RAN2, the signalling will include the duplication activation status corresponding to all the RLC entities configured for a DRB, thus belonging to both MCG and SCG in case of DC or DC+CA scenarios. Therefore, the node issuing such MAC CE aims to dynamically control the activation status of all the configured RLC entities, i.e. also the ones belonging to the other node. Thus, for more efficient PDCP duplication, typically the node that issues such MAC CE should have the full knowledge about which legs should be selected and activated for a DRB in the UE (i.e. comprising all legs), even if some of these legs are associated to another node. For instance, assuming each of MN and SN has 2 legs; when the MN sends the MAC CE regarding the activation state of the 4 legs, it should first learn which (or if both) of the 2 legs in the SN will be activated/deactivated. 
Hence, it is clear that when the architecture involves DC, some timely coordination between the nodes may be needed so the activation state of the 4 legs can be updated dynamically via the MAC CE. Such coordination framework is illustrated in Figure 1, where certain information relating to leg activation is exchanged between MN and SN via Xn interface, so the MAC CE could be constructed and issued by either node.
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Figure 1: Illustration of the network coordination framework for uplink PDCP duplication in a DC+CA scenario.

Observation 1: When the architecture involves DC, some network coordination is needed to allow a node to issue the Rel-16 Duplication Controlling MAC CE efficiently. 
Proposal 1: Network coordination can be introduced for PDCP duplication in the uplink in NR-DC/CA architectures.
Such coordination could entail two types of message exchange between the network nodes:
1. The indication of the legs selected for duplication activation (legs selection) made at a node in the respective cell group, allowing each node to decide the legs selection for its own cell group and to issue the MAC CE comprising the activation status of all legs to the UE.
· For example, the MN may first notify the SN about the exact/maximum/minimum number of legs that the SN should select to activate in the SCG. Then, the SN may provide information relating to its to decision to the MN in order to construct the MAC CE.

2. The information related to the legs performance that allow the node issuing the MAC CE to jointly decide/control the legs selection for both cell groups.
· [bookmark: _Hlk23818407][bookmark: _Hlk23818448]For example, Radio Quality Assistance Information described in Section 5.5.3.38 of TS 38.425 [3] could be used as the baseline. Alternatively, various types of information relating to the highest sequence number of PDCP PDUs that are delivered/transmitted in [3] could be leveraged as well.
We must stress that, in order to ensure that such coordination can be carried out in an efficient and low-latency manner, the message exchanges over the Xn interface should be minimized. In certain cases, the coordination could be even omitted, thus removing the coordination latency completely, if a node could send a MAC CE targeting at controlling the legs of its own cell group only, without coordination with another node. Although the detailed coordination mechanisms falls into the scope of RAN3, it is possible for RAN2 to first provide certain coordination options that could be supported as we have better understanding about uplink PDCP duplication enhancement for Rel-16, and then send a LS to RAN3 to trigger their specification work. A draft LS has been prepared in [4] for this purpose.
[bookmark: _Hlk23843215]Proposal 2: RAN2 should send a LS to trigger the RAN3 discussion on the required specification of network coordination for UL PDCP duplication.
3	Conclusions
This paper discusses some aspects relating to network coordination for uplink PDCP duplication enhancement defined in Rel-16. We have made the following observation and proposals:
Observation 1: When the architecture involves DC, some network coordination is needed to allow a node to issue the Rel-16 Duplication Controlling MAC CE efficiently. 
Proposal 1: Network coordination can be introduced for PDCP duplication in the uplink in NR-DC/CA architectures.
Proposal 2: RAN2 should send a LS to trigger the RAN3 discussion on the required specification of network coordination for UL PDCP duplication.
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