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1	Introduction
In RAN2#105 meeting, PDCP duplication enhancement with NR-DC/CA combination was discussed with following agreements:
	Agreements:
Potential impacts of higher layer multi-connectivity as studied by SA2. 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 RAN2#106 meeting, network controlled PDCP duplication was discussed and following agreements were made:
	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


The email discussion [106#55][NR/IIOT] clarifies the details of network-controlled PDCP duplication. In this contribution, we further discuss the configuration for network controlled PDCP duplication. 
[bookmark: _Ref178064866]2	Discussion
2.1 Configure up to 4 RLC entities
In Rel-15, the IE RLC-BearerConfig is used to configure an RLC entity and a corresponding logical channel in MAC. It links the RLC entity to a PDCP entity for the served radio bearer by SRB-Identity or DRB-Identity.  If multiple RLC entities per radio bearer are to be configured, one straightforward way is to configure multiple RLC entities by the IE RLC-BearerConfig with the same served radio bearer. 
In Rel-15, the configuration for RLC entities and the corresponding logical channels belongs to the cell group configuration. The cell group configuration provides the configuration for the MAC entity, a set of logical channels with associated RLC entities and SpCell and SCells. Since up to four RLC entities per radio bearer can be configured, it is questionable whether the number of RLC entities per cell group needs to be restricted. Although there is no much benefit to configure more than 2 RLC entities per cell group, there is no need to restrict the number of RLC entities per cell group from signaling point of view. 
Proposal 1 Configure up to four RLC entities by RLC-BearerConfig for the same served radio bearer (identified by the same SRB-Identity or DRB-Identity) to support PDCP duplication.
In Rel-15, the RLC entity and the associated logical channel is identified by LCID. In order to support the dynamic selection of the activated RLC entities by MAC CE, a bitmap of four bits for each DRB can be used to indicate the activation/deactivation status for each RLC entity. Using bitmap is much signaling-efficient than direct use of the LCID. However, it requires to assign each RLC entity/logical channel configured for the duplicated radio bearer with a unique index. It is used as a short identity to identify the RLC entity/logical channel, similar as SCellIndx. Since up to four RLC entities can be configured, the index range is 0~3. 
Proposal 2 Each RLC entity configured for the duplicated radio bearer has a unique index. The value range of the index is 0~3.  
In Rel-15, only two RLC entities are configured for the duplicated radio bearer and the initial state of the UL PDCP duplication (active or inactive) for the radio bearer can be configured by RRC through the flag pdcp-Duplication. In Rel-16, the subset of RLC entities used for duplicated transmission can be dynamically selected by MAC CE. The question is whether the initial UL PDCP duplication state need be configured by RRC. The benefit to configure the initial state of PDCP duplication is the reduced latency to active PDCP duplication. The latency to receive and process the MAC CE can be saved. But the activated RLC entities used for duplicated transmission should also be indicated at the same time. 
Proposal 3 RAN2 discuss whether the initial state of the UL PDCP duplication as well as the activated RLC entities can be signaled by RRC. 
In Rel-15, duplication on a single carrier is not supported. In order to explore the full benefit of diversity, the 2 duplicated LCHs are mapped to different carriers. One carrier can’t have both of the duplicate LCHs mapped to it. The serving cells for the RLC entity/logical channel is provided by allowedServingCells. In Rel-16 when up to 4 RLC entities are configured for a radio bearer, the same restriction on the mapping between different carriers and the RLC entities should also be applied. Therefore, the carriers configured by allowedServingCells for different RLC entities/logical channels in the same cell group is non-overlapping. 
Proposal 4 The carriers configured by allowedServingCells for different RLC entities/logical channels in the same cell group is non-overlapping.
2.2 Dynamic Change of Primary RLC
In Rel-15 NR PDCP duplication, the primary RLC entity is used for two purposes and can’t be deactivated:
1. Transmission of PDCP control PDUs when PDCP duplication is activated;
2. The fallback RLC entity used for data transmission when PDCP CA duplication is deactivated;
In Rel-16 NR PDCP duplication enhancement, it is preferred that all the configured RLC entities can be dynamically selected for duplicated transmission. The full benefits of diversity and reliability can be achieved if the network is allowed to select the most proper links for duplication transmission. Therefore, there is no need to have primary RLC entity when more than two RLC entities are configured. 
Proposal 5 No primary RLC entities is needed when more than two RLC entities are configured. 
Proposal 6 Any configured RLC entities can be activated/deactivated. 
If any configured RLC entities can be activated/deactivated, the next question is through which RLC entity the PDCP control PDUs can be transmitted. Currently, there are two types of PDCP control PDU, i.e. PDCP status report and ROHC feedback. PDCP status report is triggered by PDCP re-establishment and PDCP data recovery and is not transmitted when PDCP duplication is activated. The only PDCP control PDU needs to be considered is ROHC feedback. In our understanding, the transmission path for PDCP control PDUs doesn’t need to be fixed. In Rel-15, it’s just for simplification to always transmit the PDCP control PDU via the primary RLC entity. However, UE can select any activated RLC entity for PDCP control PDU transmission and how to select the activated RLC entity can be left to UE implementation.  
Proposal 7 The PDCP control PDU can be transmitted on any activated RLC entity. 
Proposal 8 Which activated RLC entity to select for PDCP control PDU transmission is left to UE implementation. 
Then the next question is which RLC entity to use for data transmission when PDCP CA duplication is deactivated. In Rel-15, the MAC CE can only indicate whether the PDCP duplication is activated or deactivation. In Rel-16 PDCP duplication enhancement, assuming a new MAC CE will be designed to indicate the activation/deactivation status of each configured RLC entity, the fallback RLC entity used for data transmission can also be indicated by the new MAC CE. For example, if the MAC CE indicates one single RLC entity in activation, the RLC entity is used for data transmission when PDCP CA duplication is deactivated.  Details on the new MAC CE design is FFS. 
Proposal 9 The RLC entity used for data transmission when PDCP CA duplication is deactivated can be indicated by MAC CE. 
Proposal 10 


3	Conclusion
Proposals:
Proposal 1 Configure up to four RLC entities by RLC-BearerConfig for the same served radio bearer (identified by the same SRB-Identity or DRB-Identity) to support PDCP duplication.
Proposal 2 Each RLC entity configured for the duplicated radio bearer has a unique index. The value range of the index is 0~3.  
Proposal 3 RAN2 discuss whether the initial state of the UL PDCP duplication as well as the activated RLC entities can be signaled by RRC. 
Proposal 4 The carriers configured by allowedServingCells for different RLC entities/logical channels in the same cell group is non-overlapping.
Proposal 5 No primary RLC entities is needed when more than two RLC entities are configured. 
Proposal 6 Any configured RLC entities can be activated/deactivated. 
Proposal 7 The PDCP control PDU can be transmitted on any activated RLC entity. 
Proposal 8 Which activated RLC entity to select for PDCP control PDU transmission is left to UE implementation. 
Proposal 9 The RLC entity used for data transmission when PDCP CA duplication is deactivated can be indicated by MAC CE. 

 
