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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 some of the remaining issues relating to PDCP duplication enhancements for Rel-16, including the primary path, the MAC CE format for RLC entities activation/deactivation, and setting of initial activation state of the legs.
2	Discussion on Primary Path
During RAN2 #107bis, it was agreed that the definition of primary RLC entity should be retained in Rel-16, which acts as the fallback path when PDCP duplication is de-activated, as well as the leg where the control PDUs are transmitted:
	RAN2 #107bis Agreements:
The mechanism of primary path defined for Rel-15 PDCP duplication should be retained for Rel-16 (FFS if allowed to deactivate a primary path ie to not send data PDU). 




Some companies argued that although the RLC entity in charge of transmission of control PDUs can be static, there is no need to enforce processing of data PDUs on this primary leg as well. In particular, they assume that it is more flexible if we could dynamically change the entire set of active RLC entities for data PDU transmission based on various factors, such as QoS requirements and  channel qualities or loading level associating to each of the leg. For instance, if the channel quality of the so called primary path becomes poor, one may deactivate it for data PDU transmission, in spite of its role of primary path for control PDUs is retained. Also, a fallback path may be not needed as the network can always select only one RLC entity for data PDUs transmission to “virtually” deactivate duplication for a DRB. Although these arguments sound plausible, there is a lack of evidence showing that decoupling transmission of data PDUs from the primary path is truly beneficial. 
On the other hand, decoupling transmission of data PDUs from the primary path may lead to some ambiguity on the definition of “deactivation state”. More specifically, when duplication for a DRB is de-activated, how many RLC entities among the legs configured for a DRB may remain active? In Rel-15, it was quite clear that when duplication is deactivated, only one RLC entity under this DRB shall remain active (i.e. the primary path). This is less clear in Rel-16, if we decouple data PDUs from the primary path, as we could still have two active RLC entities when duplication is not applied (one primary path for control PDUs and a different path for data PDUs). This may create some confusion about what “deactivation of duplication” really means and hence may introduce some unnecessary specification complexity. Besides, in some implementations the network could de-activate duplication using the Rel-15 MAC CE which does not indicate which RLC entity should remain active, and in this case the primary path should anyway be the only remaining active leg. Hence, to avoid these ambiguities and maintain consistent behavior regardless which MAC CE the gNB applies to deactivate PDCP duplication, we think it is better to stick to Rel-15 behaviour and thereby keeping the specification simple.
Observation 1: Deactivation the primary path for data PDUs is not evidently beneficial, while introducing ambiguity and complexity to specifications. 
Proposal 1: The primary path should not be de-activated for data PDUs.

3	Discussion on MAC CE Format
In Release 15, in order to save uplink radio resources, the network can activate/deactivate PDCP duplication in the uplink on a per-DRB basis. In addition to the primary path, the UE will duplicate PDCP PDUs through the secondary RLC entity if duplication is activated. The activation status of duplication of a DRB configured with PDCP duplication can be indicated by the network via a Duplication Activation MAC CE. For Rel-16, at RAN2#107 the following agreements [2] were made to introduce Duplication Controlling MAC CE (with a new LCID) to dynamically control the activation (deactivation) of the RLC entities to be used for PDCP duplication when (up to 4) RLC entities are configured in the uplink in Release-16: 
	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.  



Clearly, we have narrowed down the MAC CE format to two options: either we indicate the corresponding DRB in the signalling, or we signal the legs activation states of all DRBs at once.  From our point of view, the selection between these two options relates to how likely that many DRBs (configured with duplication) will need to change their active legs simultaneously. It may also depend on how many DRBs a UE will be configured to perform duplication at the same time in real life scenarios. The answers to these questions are hinged to deployment scenarios and many other implementation issues should be factored in as well. 
However, generally speaking, the gNB may make decision to switch legs for a DRB based on the QoS requirements, for instance, if the prevailing channel conditions of the active legs are not able to support the reliability required for a specific DRB. And since the QoS requirements for all DRBs are typically not the same (that is why we have the SDAP layer to carry out appropriate mapping between QoS Flows and DRBs), the situation where a gNB instructs a UE to concurrently switch legs for all DRBs seems to be a corner case. Besides, from the signalling overhead and scalability (i.e. forward-compatibility) point of views, per-DRB signalling is also more flexible. Hence, we think per-DRB signalling with activation status of the associated RLC entities should be adopted in Rel-16 as more efficient and flexible.
Proposal 2: For PDCP duplication controlling MAC CE format, per DRB signaling with the activation status of the associated RLC entities should be adopted in Rel-16.
On the other hand, in [2] the need of network coordination in uplink for DC+CA duplication architectures has been explained, as the node issuing such MAC CE should know the activation state of legs hosted by the other node. In some cases, updating the activation state of legs is needed to react to some sudden change of the radio channel, and sending such signalling after coordination may result in some unacceptable delay. Hence, we think it makes sense to instruct the UE only to update the status of the legs associated to the node issuing the MAC CE. Therefore, the UE would be able to activate/deactivate certain legs even before any coordination takes place. This could be implemented e.g. by using a reserved bit in the new MAC CE format, which indicates whether the UE should consider the whole RLC bitmap or only “a part” of the RLC entity bitmap. This is illustrated in Figure 1 – assuming the RLC entities R0 and R1 are associated to the master node (MCG), while R2 is associated to the secondary node (SCG). When this MAC CE is sent by the master node and the bit “Own CG only” is 0, the UE should activate or de-activate RLC entities R0, R1, and R2 across both cell groups. Conversely, if the bit “Own CG only” is 1, the UE should only consider R0 and R1 (while ignoring R2) as this MAC CE is sent by the master node.
[image: ]
Figure 1 An exemplary MAC CE format comprising an indicator about the applicable cell group for leg activation state.
Proposal 3: An indicator could be introduced in the new MAC CE format, to allow the UE to only consider the activation status of RLC entities corresponding to the node issueing such MAC CE.

4	Discussion on Initial State Setting
The initial state of PDCP duplication was defined in Rel-15, which configures whether duplication for a DRB is active or not once duplication is configured by RRC. As up to 4 legs can be configured per DRB in Rel-16, it is questionable which of these legs should be activated or deactivated initially. Moreover, as we still have the legacy MAC CE from Rel-15, it could still be used by the gNB in Rel-15 to activate/deactivate duplication of DRBs without indicating the activation state of the legs,  the initial state is also applicable to the cases where such legacy MAC CE is employed and so the UE is not clear about which legs should activated initially. 
From our point of view, there can be two options for the initial state setting of the configured RLC legs:
· Option 1: The initial state is RRC-configured, and subsequently the activation state could be dynamically changed by a MAC CE.
· Option 2: The initial state is RRC-configured with the limitation that it may have either “All legs are ON” or “All legs (except for the primary path) are OFF” status, depending on whether it is active or deactive initially. 
Apprently Option 1 is more flexible because we can have more possible initial states, but it also requires additional IEs in the RRC message. On the other hand, potentially Option 2 may lead to unnessary resource wastage when duplication is activated on all legs, as it might not be necessary to have all legs active; however, the gNB could update the activation state of the legs immediately after by the Rel-16 MAC CE, so it should not be a big issue. Therefore, for the sake of reducing specification efforts, we think Option 2 should be sufficient for Rel-16.  
Proposal 4: The initial state can be either “All legs are ON” or “All legs (except for the primary path) are OFF” depending on whether duplication is active or de-active initially.



5	Conclusions
This paper discusses some remaining issues relating to PDCP duplication enhancements for Rel-16. 
For the primary path, we made the following observation and proposal:
Observation 1: Deactivation the primary path for data PDUs is not evidently beneficial, while introducing ambiguity and complexity to specifications. 
Proposal 1: The primary path should not be de-activated for data PDUs.

For the MAC CE format, we propose that:
Proposal 2: For PDCP duplication controlling MAC CE format, per DRB signaling with the activation status of the associated RLC entities should be adopted in Rel-16.
Proposal 3: An indicator could be introduced in the new MAC CE format, to allow the UE to only consider updating activation state of RLC entities corresponding to the node issueing such MAC CE.

Finally, regarding the initial state setting, we have the following proposal to keep the specification simple:
Proposal 4: The initial state can be either “All legs are ON” or “All legs (except for the primary path) are OFF” depending on duplication is active or de-active initially.
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