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1 Introduction

In RAN2 #98 Hangzhou meeting, it was agreed to use MAC CE for controlling uplink duplication:
Agreement

=>
MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
Then in RAN2 #ah2 Qingdao meeting, it was further agreed:

Agreements:

1:
MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

2
UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 

3.  For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  

4.  Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  

In RAN2 #99 Berlin meeting, regarding the format of duplication activation/deactivation MAC CE, it was agreed that:

Agreements

1. For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

2. 1 byte bitmap could be used as duplication activation/deactivation MAC CE

3. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)  
In this contribution, some issues are identified for the duplication control MAC CE.
2 Discussion
For DRBs configured with duplication, there are different types of DRB configured with duplication, as an example shown in Figure 1. Based on DC or CA structure, there are:

· Split DRB configured with duplication: the PDCP anchor point is transparent to the UE;

· Non-split DRB configured with duplication:

· MCG CA duplication DRB: the DRB configured with CA duplication is added in MCG;
· SCG CA duplication DRB: the DRB configured with CA duplication is added in SCG;
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Figure 1 Example of the types of DRB configured with duplication
Based on the current specification, the UE will map the DRB IDs of those DRBs configured with duplication to both MCG MAC CE and SCG MAC CE, an example is shown as follows. Assuming there are 3 DRBs configured with duplication, they are CA duplication with DRB DI 1 and 3, and DC duplication with DRB ID 4. Then, no matter which CG the MAC CE is received, UE will map all these DRB IDs in ascending order to the bitmap of the received MAC CE. 
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Figure 2 CA duplication control: non-split DRB ID(s) and bitmap mapping

Observation 1 Based on the current specification, UE will map all the DRB IDs for those DRBs configured with duplication to the bitmap of the received MAC CE, no matter which CG the MAC CE is received.
There are mainly two issues for this behaviour:
It will cause ambiguity interpretation for UE on MAC CE received from MN or SN. The system should ensure UE to correctly interpret the split DRB ID mapping in the bitmap no matter from which CG the MAC CE is received. Once configured with a DC duplication bearer, since the existence of DC and/or CA duplication bearer affect the order of bitmap based CE on both MN and SN, it is required that the MN and SN should be coordinated so that MN and SN are aware of the duplication DRB IDs configured by both sides. Otherwise, UE may not have a consistent view with either MN or SN, after an addition/removal of a DC or CA duplication bearer. The interpretation of the bitmap will be ambiguous to the UE. The signalling interacted between MN and SN will introduce extra complexity and unnecessary overhead for duplication activation/deactivation function.
Observation 2 Ambiguity issue exists if both CA duplication and DC duplication DRBs are configured. To resolve the issue, MN and SN coordination overhead is necessary.
It causes extra delay for MAC CE based duplication activation and deactivation. If DRB is released or added, the mapping of DRB ID and bitmap for both MCG and SCG should be updated. For example, if SN would like to add or remove the duplication bearer, SN should not activate/deactivate this bearer by bitmap based MAC CE before a MN-initiated RRC reconfiguration is complete at the UE and becoming aware by both MN and SN. Otherwise, UE may interpret the MAC CE incorrectly with the new configurations, while SN is assuming old configurations. So, SN should refrain from sending MAC CE until the RRC reconfiguration complete is aware by both MN and SN. This introduces extra delay and nullifies the benefit of MAC CE controlled duplication activation/deactivation. 
Observation 3 MAC CE must wait for RRC configuration to complete, coordination when MN/SN reconfigure duplication bearers to avoid ambiguity during the reconfiguration procedure, so that network and UE have consistent view on all the potential duplication DRBs.
Based on the observations, we thus propose:
Proposal 1 RAN2 discuss how to solve the ambiguity and potential delay issues for MAC CE based activation/deactivation.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Based on the current specification, UE will map all the DRB IDs for those DRBs configured with duplication to the bitmap of the received MAC CE, no matter which CG the MAC CE is received.
Observation 2
Ambiguity issue exists if both CA duplication and DC duplication DRBs are configured. To resolve the issue, MN and SN coordination overhead is necessary.
Observation 3
MAC CE must wait for RRC configuration to complete, coordination when MN/SN reconfigure duplication bearers to avoid ambiguity during the reconfiguration procedure, so that network and UE have consistent view on all the potential duplication DRBs.
Proposal 1
RAN2 discuss how to solve the ambiguity and potential delay issues for MAC CE based activation/deactivation.
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