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1	Introduction
[bookmark: _Toc524946176][bookmark: _Ref178064866]A new MAC CE format has been agreed to control PDCP duplication in Release 16. This new MAC CE format would provide an extra flexibility which allows individually controlling the RLC entities which are involved in the duplication operation. Yet, when this flexibility is not needed, Rel-15 MAC CE could still be used to control Rel-16 PDCP data duplication. 
This contribution looks at the following 3 aspects: 
· Rel-15 MAC CE to control PDCP duplication features introduced in Rel-16.
· Rel-16 MAC CE configuration and operation details
· Rel-16 MAC CE format.
2 Discussion
Apart from the open issues discussed in the below sections it is assumed that UE based solutions for duplication control are not pursued at this point in time due to prioritisation in RAN plenary. If additional changes are to be defined at a later stage, those additions should only be considered as additions on top of a base line (based on NW control) when the current open issues have been resolved. 
2.1 Rel-15 MAC CE to control Rel-16 PDCP duplication
In Release 16, it has been agreed that up to 4 RLC entities can be configured. RLC entities can be activated and deactivated via a new MAC CE format introduced for this purpose. However, when the network does not need the flexibility to individually control activation and deactivation of RLC entities, the Release 15 MAC CE could be used.
Activation of duplication
Activation of duplication can be achieved by the Release 15 MAC CE. All configured RLC entities are then activated by using the Rel-15 MAC CE. 
If both Release 15 and Release 16 MAC CEs are used by the network to control Rel-16 duplication, the RRC configuration could also include a default list of RLC entities which are activated when Rel-15 MAC CE is received.
Deactivation of duplication
Rel-15 MAC CE can be used to deactivate Rel-16 PDCP data duplication as used in Release 15. When a bearer is indicated to be deactivated, then the PDCP Duplication function is deactivated for that bearer i.e. PDCP stops delivering duplicates.

[bookmark: _Toc4404576][bookmark: _Toc4510183][bookmark: _Toc4576056][bookmark: _Toc4661233][bookmark: _Toc4685671][bookmark: _Toc21013680]Rel-15 MAC CE can also activate and deactivate the Rel-16 PDCP duplication.
[bookmark: _Toc21013681]RRC configuration may indicate the default RLC entities towards which PDCP duplication is activated using Release 15 MAC CE. 
[bookmark: _Toc21013682]When the default RLC entities are not indicated, PDCP duplication towards all configured RLC entities is activated using the Release 15 MAC CE.

2.2 Rel-16 MAC CE details to control Rel-16 PDCP duplication
A new MAC CE format to control the RLC entities to which the PDCP delivers duplicates has been agreed. The MAC CE may be able to indicate the RLC entities involved in duplication. If all configured RLC entities can be involved in the duplication process independently, the MAC CE should be able to control each of the configured RLC entities individually. 
When 4 bits are used (i.e including primary path) to indicate the RLC entities which are activated and deactivated, there are two main issues to resolve. One issue is the UE behaviour when all RLC entities are indicated to be deactivated. The second issue is the UE behaviour when only one RLC entity is activated.
Activation and deactivation of duplication
In the Rel-16 MAC CE, the activated RLC entities which are to be used to transmit duplicates is indicated. The minimum number of RLC entities activated should be 2. Thus, the MAC CE should activate, at least, 2 RLC entities to activate PDCP duplication. Duplication should not be activated when only RLC entity is indicated as active. As a result, the Rel-16 MAC CE can be used to control the PDCP duplication function itself by the number of activated RLC entities.
As a result for deactivation; PDCP duplication does not have a meaning when only copy is delivered to RLC i.e. when only 1 RLC entity is activated. Thus, PDCP duplication is de-activated when the Rel-16 MAC CE is received and indicates 1 or less activated RLC entities.
[bookmark: _Toc16086557][bookmark: _Toc21013683]PDCP Duplication is considered activated with Rel-16 MAC CE when PDCP duplication towards at least 2 RLC entities is activated and otherwise deactivated.
In Release 15, PDCP Duplication activation can be indicated in RRC i.e. RRC indicates the activation status upon configuration of the function. We think that a similar approach should be followed in Release 16. Thus, the RRC can provide the activation status of PDCP duplication and a default initially activated RLC entities. Additionally, if a default initial set of RLC entities are not configured, the UE should set all RLC entities in the configuration to the initial state set in the RRC configuration.
[bookmark: _Toc21013684]RRC configuration indicates activation status of PDCP duplication and this means that PDCP duplication is activated towards the default RLC entities. 
[bookmark: _Toc21013685]When the default RLC entities are not indicated, PDCP duplication towards all configured RLC entities is activated.
PDCP can deliver to RLC PDCP Data PDUs or PDCP Control PDUs. We consider that duplication always refers to PDCP Data PDUs and not to PDCP Control PDUs (following the Release 15 operation). PDCP Control PDUs are delivered to only one RLC entity (further discussion about PDCP Control PDUs in [1]). Activation of an RLC entity therefore means that the PDCP should duplicate PDCP Data PDUs and deliver them to the activated RLC entities (one duplicated packet to each RLC entity).
Similar to the discussion above, the deactivation of an RLC entity should be interpreted as that the PDCP entity should stop delivering PDCP Data PDUs to that RLC entity. 
[bookmark: _Toc21013686]Deactivating PDCP duplication towards an RLC entity means that the PDCP entity should not deliver duplicated PDCP Data PDUs to that RLC entity.
When PDCP duplication is deactivated altogether, the UE applies the configured (legacy) DC/CA behaviour. Note that LCH cell restrictions w.r.t CA duplication may require additions to this baseline.
2.3 MAC CE format
In general, the main reasons to choose one option or another option are the use cases to address, the flexibility within those use cases, and size of the MAC CE. 
With regards use cases, we think that Release 16 PDCP Duplication will be primarily targeted to URLLC services with extreme latency and reliability requirements. This narrows down the number of services which could benefit from these enhancements. This also implies that the number of RBs which may be configured with these features will be very limited. In Release 15, RAN2 considered that up to 8 RBs may be configured with Rel-15 PDCP duplication. We think that it is not realistic to consider that the same number of bearers would be configured with such extreme requirements. It is more realistic to consider that 1 or 2 DRBs out of these 8 RBs may have such requirements. 
With regards the size of the MAC CE, a MAC CE format indicating 1 DRB, see Figure 1, consists of 2 bytes; while a MAC CE format indicating all DRBs (up to 8 DRBs) consists of 5 bytes and 3 bytes for the solutions outlined in Figure 2 and Figure 3 respectively.



Figure 1	Rel-16 MAC CE to indicate 1 DRB and RLC activation status for the RB



Figure 2	Rel-16 MAC CE to implicitly signal all the DRBs and the RLC status for all the RBs.



Figure 3	Rel-16 MAC CE to indicate activation status of all RBs and the RLC status for the activated RBs

The main advantage of the MAC CE format shown in Figure 3 is the lower overhead when multiple RBs (more than 2 RBs) need to be updated simultaneously. Yet, we do not think that there will be more than 1 or 2 bearers configured with these features and it is not obvious either that all configured DRBs may need a dynamic change right at the same time.
Therefore, we think that the MAC CE should indicate only 1 DRB and its corresponding activation status for each RLC entity (e.g. Figure 1).
[bookmark: _Toc18493631][bookmark: _Toc21013687]The MAC CE indicates only 1 DRB and the indicates towards which RLC entities of the DRB PDCP duplication is activated.
[bookmark: _Toc18493632][bookmark: _Toc21013688]The PDCP duplication activation status towards the RLC entities is indicated by 3 or 4 bits (depending on the outcome of the primary path)
[bookmark: _Toc18493633][bookmark: _Toc21013689]RAN2 to agree on the MAC CE format shown in Figure 1 (taking into account conclusion w.r.t primary path).

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-15 MAC CE can also activate and deactivate the Rel-16 PDCP duplication.
Proposal 2	RRC configuration may indicate the default RLC entities towards which PDCP duplication is activated using Release 15 MAC CE.
Proposal 3	When the default RLC entities are not indicated, PDCP duplication towards all configured RLC entities is activated using the Release 15 MAC CE.
Proposal 4	PDCP Duplication is considered activated with Rel-16 MAC CE when PDCP duplication towards at least 2 RLC entities is activated and otherwise deactivated.
Proposal 5	RRC configuration indicates activation status of PDCP duplication and this means that PDCP duplication is activated towards the default RLC entities.
Proposal 6	When the default RLC entities are not indicated, PDCP duplication towards all configured RLC entities is activated.
Proposal 7	Deactivating PDCP duplication towards an RLC entity means that the PDCP entity should not deliver duplicated PDCP Data PDUs to that RLC entity.
Proposal 8	The MAC CE indicates only 1 DRB and the indicates towards which RLC entities of the DRB PDCP duplication is activated.
Proposal 9	The PDCP duplication activation status towards the RLC entities is indicated by 3 or 4 bits (depending on the outcome of the primary path)
Proposal 10	RAN2 to agree on the MAC CE format shown in Figure 1 (taking into account conclusion w.r.t primary path).
[bookmark: _In-sequence_SDU_delivery] References
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