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1. Introduction
	In RAN2#105, following agreements were made for PDCP duplication enhancement [1]:

PDCP duplication support a configuration delivering up to 4 copies.


Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication


The NW can dynamically control (MAC CE or similar) how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication. This does not preclude other methods of leg selection. 


The architectural combinations supported for the work on PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only)


R2 assumes that For PDCP duplication, all RLC entities for a RB are configured using the same RLC mode.


In the last meeting, there were several paper submitted [2-16]. This paper addresses the following points of PDCP duplication.
1) Issue1: Applicable scenario for 4 RLCs

2) Issue2: Asymmetric duplication

3) Issue3: Coordination mode between RAN nodes
2. Discussion
2.1. Applicable scenarios for 4 RLCs
While followings were agreed, there seems still need to discuss in which cases we can support 4 RLC legs and how many legs can be activated at the same time. 
	Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication
The architectural combinations supported for the work on PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only)


For example, [2][14] provided the analysis on how the enhanced PDCP duplication will works and [2] proposed to have a restriction that 4 RLC legs cannot be configured for CA duplication. However, we wonder what would be the consequence if we support it also for CA duplication. From UE point of view, regardless of the architecture, UE just sees the 4 RLC legs and the CC(s) corresponding RLC legs, and the difference between CA only and DC+CA is how the restriction of the logical channel to CCs are performed, i.e. CCs in the different CG cannot be used for one RLC bearer/LCH. 
Observation1: From UE perspective, there is no much difference between CA only and DC+CA. 

Also, from specification point of view, as per agreement, we need to define the protocol to support up to 4 RLC legs and the differentiation of CA and DC+CA may rather bring the additional complexity and UE and NW vendor need to check carefully which case is allowed. It should be up to NW how to restrict the legs in their deployment.
Observation2: Restriction in standard may make spec complexed and any deployment specific restriction consideration can be up to NW configuration/scheduling. 

 To simplify the spec, we would like to make the spec generic to support 4 RLC legs for all the architecture options unless there is significant challenge to support from specification point of view. 
Proposal1: RAN2 protocol supports PDCP duplication with up to 4 RLC entities for all the scenarios (i.e. CA, DC (NR only) and DC+CA(NR Only)). 

Also, we don’t need to restrict the number of active RLC legs at the same time in the spec for the same reason of Proposal1. Following is proposed:

Proposal2: 4 RLC legs can be active at the same time for all the scenarios (i.e. CA, DC (NR only) and DC+CA(NR Only)).
The main impact from this extension is duplication activation/deactivation MAC CE. [5] has provided the good baseline proposal to support it (e.g. addition of unique ID for leg and possible fixed MAC CE design). It is proposed to consider to extend the RAN2 (MAC and RRC) specs to support 4 RLC legs. 
Proposal3: Extend MAC and RRC to support 4 RLC legs.
2.2. Asymmetric duplication
[16] addresses the asymmetric PDCP duplication for DL and UL as below. 
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Figure1. Asymmetric duplication
In Rel-15, if duplication is applied for the bearer, at least 2CCs needs to be available for both DL and UL since one PDCP entity is associated to 2 RLC entities always when duplication is configured as specified in TS38.323. While we are investigating up to 4, it would be beneficial to support asymmetric duplication especially for UL. This is because even while RAN2 protocol supports more legs, RAN4 should support the band combination which includes 4 CCs for UL (especially for inter-band case where frequency diversity gain can be likely obatained) which might be take time while it may not take time if it only for DL. We think that from leg selection point of view, it should be beneficial to support even if only DL can have more flexibility. 
Proposal4: Support Asymmetric DL and UL PDCP packet duplication
While the details on how to support should be further investigate, one possible way is to support different UM is supported for different RLC legs associated to the same PDCP. For RLC UM, there are 2 sub variants, bi-directional mode and uni-directional mode for DL and they can be configfured the RLC entities which are associated to the same PDCP. For RLC-AM, more consideration may be needed since each RLC entity needs its own feedback channel. 
Proposal5: Allow RLC um-Bi-Directional and RLC um-Uni-Directional-DL can be used for different RLC legs associated to a PDCP.
2.3. Coordination mode between RAN nodes
[4] has proposed to discuss the coordination mode between MgNB and SgNB when DC based PDCP duplication is used. Especially, [4] listed following 3 options:
	•
Option 1: Fully-Centralized Control

In this option, one of the two nodes makes all decisions on configuration and dynamic control. The decision-making node should forward the required information to another node in order to operate properly. For example, the MgNB may decide the explict subset of RLC entities that should be activated at the SgNB as well as the serving cells that the SgNB should be used correspondingly for PDCP duplication. In this case, the SgNB simply follow whatever has been instructed by the MgNB to carry out DL transmission of duplicated packets.

•
Option 2: Partially-Centralized Control

In this option, one of the two nodes makes certain decisions on configuration and dynamic control for another node, and then forward certain information to another node for it to make further decisions based on its own discretion. For example, the MgNB may simply decide the maximum number of RLC entities that could be configured/activated at the SgNB (based on the number of RLC entities that have already established at the MgNB itself) and forward such decision over the Xn interface. Upon the reception of such information, the SgNB may select the RLC entity subset and the corresponding serving cells accordingly based on the knowledge relating to its own traffic loading and radio link quality etc.

•
Option 3: Fully-Distributed Control

In this option, both MgNB and SgNB operate independently for both RLC entitiy configuration and activation, without coordination except for sharing PDCP PDU copies (from the MgNB to the SgNB) over the Xn interface.


We think that Option2 would be the best approach. 

For Option1, while it may be better from performance point of view since one centralized node can decide everything based on the information collected from other node. However, some decision should be done dynamically and it would not be good to one node is responsible for all. For example, activation/deactivation of the leg in the same node should be decided by the node since the situation such as radio quality and congestion will dynamically change and it may not be realistic to exchange related information and decision via non-ideal backhaul. Also, if we need to exchange the information of each node, e.g. radio status, it may make it difficult to have good inter-operability between RAN nodes since it will be difficult to have exact definition of such information. 
For Option3, while independence of each other can make the inter-operability easier, it may cause ping-pong between them. 

Thus, we think option2 should be used. Specifically, we can use the example [4] states which is number of RLC entities in each CG is decided by one node, e.g. PDCP hosting node and activate/deactivate (of the legs in each node) can be controlled by each node. Anyway, we can address further what can be controlled by each node. 
Proposal6: Use Partially-Centralized Control as Coordination mode between RAN nodes.
3. Summary and Conclusion

This contribution addresses enhancement for PDCP duplication. Following is the observation and proposal:
Observation1: From UE perspective, there is no much difference between CA only and DC+CA.
Observation2: Restriction in standard may make spec complexed and any deployment specific restriction consideration can be up to NW configuration/scheduling.
Proposal1: RAN2 protocol supports PDCP duplication with up to 4 RLC entities for all the scenarios (i.e. CA, DC (NR only) and DC+CA(NR Only)).
Proposal2: 4 RLC legs can be active at the same time for all the scenarios (i.e. CA, DC (NR only) and DC+CA(NR Only)).

Proposal3: Extend MAC and RRC to support 4 RLC legs.

Proposal4: Support Asymmetric DL and UL PDCP packet duplication

Proposal5: Allow RLC um-Bi-Directional and RLC um-Uni-Directional-DL can be used for different RLC legs associated to a PDCP.

Proposal6: Use Partially-Centralized Control as Coordination mode between RAN nodes.
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