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1	Introduction
[bookmark: _Toc524946176]Two of the WI description objectives are: 
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication. 
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms. […] Per-packet selective duplication can also be considered.
This contribution looks at the PDCP data duplication parameters which may need to be controlled depending on the different scenarios and architectures which could be foreseen and configured.  
[bookmark: _Ref178064866]2	Discussion
2.1	Carrier Aggregation-only (CA) duplication:
In this scenario, PDCP data duplication is configured with CA-only. The following figures present different scenarios and possible configurations.
· Activation and deactivation of RLC entities
Figure 1 exemplifies a situation in which PDCP data duplication is deactivated (Figure 1- (a)) and, through a MAC CE command, PDCP data duplication becomes activated (Figure 1- (b),(c)). 
RRC could configure the activation status of each the configured RLC entities when PDCP data duplication is activated for the first time. This is exemplified in Figure 1 - (b). When Rel-15 MAC CE activates for the first time the PDCP data duplication, RLC_2 and RLC_3 will be activated and used to send the duplicates.
MAC CE could be used to further activate or deactivate the configured RLC entities. Figure 1 – (c) shows an example in which MAC CE activates RLC_1. 
In these examples, the number of copies is always equal to the number of activated RLC entities. 


Figure 1: CA duplication with multiple RLC bearers
· Number of PDCP PDU copies
It could be questioned if the number of PDCP PDU copies can be different than the number of activated RLC entities. This is exemplified in Figure 2 in which all configured RLC entities are activated and the 3 PDCP PDU copies are initially configured (Figure 2, (a)). In a later moment, the MAC CE could change the number of PDCP PDU copies from 3 to 2 PDCP PDU copies (Figure 2, (b) and (c)). 



Figure 2: CA duplication with more active RLC bearers than PDCP PDU copies.
In these cases, Figure 2 (b) and (c), the UE might be allowed to choose among the 3 the RLC entities in which the UE PDCP entity may deliver the 2 PDCP PDUs.
This type of configuration would be useful to exploit the links with best radio conditions when enough resources are also available in the network

· Activated and deactivated cells
Another level of flexibility could be to control the activation status of the cells from the set of “allowedCells”. This could be useful when one of the activated cells cannot ensure meeting the minimum quality of service for the specific service. This is exemplified in Figure 3. In Figure 3 (a), the UE is allowed to transmit MAC PDUs over one of the two cells Cell_2 and Cell_3, while in Figure 3 (b), Cell_3 was disabled. 
In principle, the Release 15 MAC CE “Activation/Deactivation of Scells” could be used for such purpose. However, the deactivation/activation would apply to all logical channels which were mapped to that specific cell and this might not always be the desired behaviour. It may be desired to only deactivate a certain cell for a concrete logical channel without affecting other RBs. This is further discussed in Section 2.4.



Figure 3: CA duplication and activation/deactivation of Scells.
2.2	DC and CA duplication in MCG or SCG
· Activation and deactivation of RLC entities
Deactivating an RLC entity means that the PDCP entity does not deliver any further PDCP data PDUs to the indicated RLC entity. However, the RLC entity will continue with the transmissions of the RLC SDUs which were already under transmission. Activating an RLC entity means that the PDCP entity delivers PDCP data PDUs to the indicated RLC entity.
As in the previous case, RRC can configure the DC+CA architecture and within them, the RLC entities which may be involved in PDCP data duplication (Figure 4 (a)). When PDCP data duplication is activated, the UE will activate the RLC entities following the activation status of each RLC provided by RRC (Figure 4 (b)). A MAC CE command could be used to further activate or deactivate the configured RLC entities as shown in Figure 4 (c) in which RLC_1 is activated. 

Another question to answer related to the deactivation of RLC entities is if the primary RLC entity can be deactivated or not. In principle, we do not foresee any issue if the primary RLC entity is deactivated. PDCP will not deliver PDCP data PDUs to the indicated, primary, RLC entity. PDCP Control PDUs will, nevertheless, follow the Rel-15 procedure i.e. they will be delivered to the primary RLC entity. Figure 4: DC and CA duplication and activation/deactivation RLC entities.
· Number of PDCP PDU copies
Similar discussion as in the previous case applies

· Activated and deactivated cells
Similar discussion as in the previous case applies. 

2.3	DC and CA duplication in MCG and SCG
In this architecture option, there is a DC configuration and a CA configuration in the MCG and SCG. This is shown in Figure 5. 


Figure 5: DC and CA together
Similar reasoning as the previous cases apply for this type of scenario. The activation and deactivation of RLC entities, the number of PDCP PDU copies, and the activated and deactivated cells could potentially be parameters to dynamically modify by a MAC CE.

2.4	Deactivation of cells when shared between duplication bearers and other bearers
There may be cases in which logical channels carrying very distinct traffic are mapped into the same cell as shown in Figure 6 (a). A DRB configured with PDCP data duplication and another DRB (e.g. eMBB) are mapped into the same cell SCG_cell2. 
In Figure 6 (b), SCG_cell2 is deactivated when it is considered to not be suitable to meet the minimum requirements for the URLLC service mapped to the configured DRB. Yet, this cell could still be suitable for other services which have more relaxed requirements. 
As discussed in previous section, activation and deactivation of cells may be dynamically activated and deactivated by MAC CEs. Release 15 MAC CE “Activation/Deactivation of Scells” is one option which could be considered to deactivate/active cells within the set of “allowedCell”. However, there may be a direct impact in other bearers. Release 15 MAC CE “Activation/Deactivation of Scells” deactivates completely the cell for all logical channels mapped into it. Nevertheless, the same MAC CE which controls other parameters could be used to convey the Scell activation/deactivation for this case.
If it is desired to dynamically control which cells in the SCG or MCG can be activated and activated (or used/not used for delivery of data) for a given DRB for which PDCP duplication has been configured and activated, a new procedure needs to be introduced. 


Figure 6: Sharing of cells between duplication bearer and other bearer (exemplified on DC/CA architecture)
2.5	Summary
Considering the WI goals and how these can apply to the examples above, the minimal number of parameters to control enhanced PDCP duplication are: 
· Affected DRB:
Indicates 1 out of the 8 possible DRBs which can be configured with PDCP data duplication
· Activated/Deactivated RLC entities:
These indicates the RLC entities to which the PDCP entity can deliver a PDCP (duplicated) PDU. The WI indicates that up to 4 RLC entities may be active. 
RAN2 should further discuss if the following parameters are needed to enable more flexibility:
· Number of PDCP PDU duplicates.
The transmitted number of PDCP PDUs will be, at most, equal to the number of active RLC entities. If the number of active RLC entities is larger than the maximum number of copies, it should be discussed how to select the RLC entities to which PDCP PDUs are delivered.
· Activated/deactivated cells for a DRB in MCG or SCG (depending in which one the MAC CE is received)
This activate and deactivate cells for which data from a certain DRB can be delivered or not delivered. This DRB should be configured with PDCP data duplication and data duplication activated. The cells which are then allowed for duplication are those limited by the IE AllowedCells (for each logical channel) and the activated cells.
Finally, if selective duplication is agreed in [1], the MAC CE may also signal:
· Selective PDCP data duplication status:
This indicates if the PDCP entity is allowed to decide how many PDCP PDU copies and when (could be based on a certain criteria) to transmit them up to the number of PDCP PDUs indicated by the signaling.

A proposal for a MAC CE format is outlined in [2].
[bookmark: _Toc4507696][bookmark: _Toc4571768][bookmark: _Toc4661537][bookmark: _Toc4672155][bookmark: _Toc5888363][bookmark: _Toc1072690][bookmark: _Toc4056344][bookmark: _Toc4056361][bookmark: _Toc4056373][bookmark: _Toc4402321]Release 15 MAC CE is used to activate and deactivate PDCP data duplication
[bookmark: _Toc4507697][bookmark: _Toc4571769][bookmark: _Toc4661538][bookmark: _Toc4672156][bookmark: _Toc5888364]MAC CE signalling is used to indicate and change: 
- affected DRB
- activated/deactivated RLC entities among the configured RLC entities for duplication
[bookmark: _Toc4507698][bookmark: _Toc4571770][bookmark: _Toc4661539][bookmark: _Toc4672157][bookmark: _Toc5888365]RAN2 to further discuss whether the following parameters are needed:
- number of copies that PDCP delivers to lower layers
- activated/deactivated cells for a DRB in MCG or SCG
[bookmark: _Toc4056345][bookmark: _Toc4056362][bookmark: _Toc4056374][bookmark: _Toc4402322][bookmark: _Toc4507699][bookmark: _Toc4571771][bookmark: _Toc4661540][bookmark: _Toc4672158][bookmark: _Toc5888366]If Selective duplication is agreed, the MAC CE should signal:
- selective PDCP data duplication status
[bookmark: _Toc4661541][bookmark: _Toc5888367]RAN2 to discuss if the primary RLC entity can(not) be deactivated for PDCP data duplication (deactivating the primary RLC entity means that the PDCP entity does not deliver any further PDCP data PDUs to the primary RLC entity)
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Release 15 MAC CE is used to activate and deactivate PDCP data duplication
Proposal 2	MAC CE signalling is used to indicate and change:  - affected DRB - activated/deactivated RLC entities among the configured RLC entities for duplication
Proposal 3	RAN2 to further discuss whether the following parameters are needed: - number of copies that PDCP delivers to lower layers - activated/deactivated cells for a DRB in MCG or SCG
Proposal 4	If Selective duplication is agreed, the MAC CE should signal: - selective PDCP data duplication status
Proposal 5	RAN2 to discuss if the primary RLC entity can(not) be deactivated for PDCP data duplication (deactivating the primary RLC entity means that the PDCP entity does not deliver any further PDCP data PDUs to the primary RLC entity)
 
[bookmark: _In-sequence_SDU_delivery]References
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