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1	Introduction
According to the revised WID of NR IIoT [1], the following objectives will be addressed for PDCP duplication enhancement:
	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].




To support UL PDCP duplication enhancement with up to 4 legs, several agreements have been made in the last few RAN2 meetings. Some of the relavent agreements are listed below:
	· RAN2 #106 Agreements:
Intention is that Copies are sent on different legs 
Dynamic Network control of DRB duplication is by MAC CE
By the MAC CE, Network to control which of the configured RLC entities that is/are active
Support the case that no of copies = no of active RLC entities

· 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.



Essentially, the agreements above allows a Rel-16 gNB to dynamically select a subset of active legs for duplication of a DRB, out of the up to 4 legs pre-configured. It creates more leg activation states as compared to Rel-15, wherein up to 2 legs are configured for a DRB, and either one copy or two copies of PDCP PDUs are submitted depending on whether the PDCP duplication is de-activated or activated. In Rel-15, one of the legs is defined as the Primary Path (or Primary RLC entity), which is always active regardless of the duplication status. Due to the Rel-16 enhancements that introduces more dynamicity, the need of such primary path has been discussed in RAN2, but no agreement has been reached so far. This contribution aims to present our views about the primary path for Rel-16 PDCP duplication.
2	Primary Path of PDCP Duplication
In Rel-15, when two RLC entities are configured for a DRB, one of them is dubbed as the primary RLC entity, which is used to process PDCP PDU when duplication is not active.
	TS 38.323
	if pdcp-Duplication is configured and activated:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;
-	else, if pdcp-Duplication is configured but not activated:
-	submit the PDCP Data PDU to the primary RLC entity;



In other words, the primary RLC entity serves as the fallback path where the single copy of PDCP PDU should be submitted to when duplication is de-activated for this DRB. In addition, PDCP control PDUs are always transmitted on the primary path.
For Rel-16, as the gNB can dynamically select the active legs out of the up to 4 configured legs, deactivation of PDCP duplication could be equivalent to the situations where only one leg is activated, but this active leg is dynamically chosen and hence not static. In light of this, whether the primary path defined for Rel-15 PDCP duplication should be maintained has been debated. To summarize the views from the companies (which can be found in the email discussion summary [2]), we think the proposals can be basically categorised into following options:
1. The leg of primary path is always active for both control and data PDU (same as Rel-15) – This leg is not among the dynamically-controllable legs.
1. The leg of primary path is always active for control PDU only; the gNB seperately control leg subset for data PDU
1. No primary path – the control PDU is transmitted on all active legs (i.e. also apply duplication to control PDU)
1. No primary path – the control PDU is transmitted on one of the active legs

Apart from the options above, another possibility is to include indication of the primary path in the same MAC CE that will be introduced for leg selection. However, based on the email discussion in [2], most companies do not support such approach and so this option is basically ruled out.
Considering the options listed above, in the first two options a static primary path is defined as in Rel-15, so basically control PDUs should be always submitted to a dedicated primary RLC entity, without possibility of switching. The key difference between Option 1 and Option 2 is that, whether this primary path is also a static leg for data PDUs as well. In Option 1, this is essentially same as Rel-15, where the primary path is static for both control and data PDUs. The Option 2, on the other hand, although this path is always active for control PDUs, it can be “de-activated” from data PDU point of view, so we can have the cases where the data PDUs are transmitted on other legs but not the primay path when it is not chosen. An implication about these two options is the number of legs that can be controlled by the MAC CE, i.e. 3 controllable legs for Option 1, and 4 controllable legs for Option 2.
The Option 3 and Option 4 basically eliminates the definition of the primary path, so transmission of control PDUs is no longer fixed to a specific leg. In particular, Option 3 suggests that control PDU should be duplicated over the whichever legs are activated, so essentially data PDUs and control PDUs are treated the same. In Option 4, the UE may send control PDUs on any one of the activated legs, and the selection of such leg for control PDUs is probably an UE implementation issue.
From our prespectives, although possibly any of options listed above should work fine, there is no clear motivation or benefits to make the specifications more complex by allowing more dynamic path for control PDUs. Option 3 may result in unnessary transmission of control PDUs, which further degrades resource efficiency and it is unclear why duplication of control PDUs is needed. From the network point of view, in Option 4 there is no deterministic UE behaviour about which leg will be used for control PDU transmission, which may not be so desirable in terms of implementation.  Hence, it is better to stick to Rel-15 framework with a well-defined primary path as we do not see necessity of specification change reflecting to Option 3 and Option 4. For Option 1 and Option 2, on the other hand, we think an operation mode aligned with Rel-15 is always needed as a baseline, which should be kept as default in the specifications. For instance, we can still configure only two legs per DRB even in Rel-16, and in this case using the legacy MAC CE controlling activation and deactivation of PDCP duplication is more efficient, thereby making more sense to retain the concept of primary path defined in Rel-15. Thus, for the sake of consistency across scenarios with different number of legs configured for a DRB, we think Option 1 should be adopted.
Proposal 1: The mechanism of primary path defined for Rel-15 PDCP duplication should be retained for Rel-16.

3	Conclusions
In this paper we discussed whether any changes to primary path defined in Rel-15 should be made for Rel-16 PDCP duplication enhancement. Based on an analysis of all options on the table, we think it is better to retain Rel-15 behaviour and hence we propose:
Proposal 1: The mechanism of primary path defined for Rel-15 PDCP duplication should be retained for Rel-16.
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