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1 Introduction
In 38.321 [1], the format of the duplication activation/deactivation MAC CE is defined as consisting of eight Di bits as illustrated below. Di field indicates the activation/deactivation status of PDCP duplication of DRB i where i is the ascending order of DRB IDs configured with duplication.


In RAN2#98, the following agreement has been made [2]:

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.

In this document we discuss some options on how the bitmap in the MAC CE is to be interpreted by the UE. We explore a design by which a gNB can independently control duplication of certain DRBs without affecting the duplication status of other DRBs.
We address the issues below and provide some alternative solutions:
1. How are the D-bits in the bitmap translated into DRB IDs?
2. Should the duplication state of DRBs be visible to all nodes controlling the duplication?
2 Mapping the D-field bits into DRB IDs
The bitmap in the duplication activation/deactivation MAC CE corresponds to the DRBs configured for duplication. For example, if DRB IDs 1 and 3 are configured for duplication, bit D0 would correspond to DRB ID 1 and bit D1 would correspond to DRB ID 3 as in Figure 1.
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[bookmark: _Ref509392412]Figure 1: Example MAC CE bitmap with DRB IDs 1 and 3 configured for duplication
This leaves two options for the mapping of the Di bits in the MAC CE to DRB IDs:
1. The mapping is independent of the MAC entity receiving the MAC CE. Bit Di always maps to the same DRB ID regardless of the MAC entity (cell group) that transmits the MAC CE.
2. The mapping depends on the MAC entity (cell group) that transmits the MAC CE. Based on the transmitting MAC entity, the UE applies some pre-defined rules to convert the bitmap to DRB IDs.
The two options can be illustrated with the example below:
· Two cell groups CG1 and CG2 are defined.
· CA duplication is configured for DRB1 on CG1 with logical channels LCID1 and LCID2.
· DC duplication is configured for DRB2 with logical channel LCID3 on CG1 and LCID1 on CG2.
With option 1:
· Bit D0 maps to DRB1 and bit D1 maps to DRB2, regardless of the MAC entity that receives the MAC CE.
With option 2:
· Bit D0 maps to DRB1 and bit D1 maps to DRB2 if the MAC CE is received on CG1, and
· Bit D0 maps to DRB2 if the MAC CE is received on CG2.
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[bookmark: _Ref506455696]Figure 2: Example duplication configuration and MAC CE bitmap options
We note that using pre-defined rules like these in option 2 could be inflexible and complex to specify. It disallows the network to control duplication from any leg, leading to restrictions on the network in selecting the node controlling the duplication. It might be preferable to allow the network to switch the leg to transmit the MAC CE, for example, based on the reliability of the legs.
Observation 1: Interpreting the DRB bitmap in the duplication activation/deactivation MAC CE differently depending on the cell group (option 2) is inflexible as it relies on some pre-defined rules and could be complex to specify. It is preferable to allow the network to choose the leg to send the MAC CE as it could improve the reliability.
We suggest that RAN2 should select one of the options above after discussing the pros and cons of each approach.
Proposal 1: RAN2 to discuss and choose from one of the options: 1) The DRB bitmap in the duplication activation/deactivation MAC CE is independent of the MAC entity (cell group) that sends the MAC CE, i.e. a bit Di always points to the same DRB ID. 2) The DRB bitmap is interpreted depending on the MAC entity (cell group) that sends the MAC CE, i.e. D-bits might point to different DRB IDs.
3 Visibility of duplication states on the network nodes
An issue with the current duplication bitmap design is that it affects the duplication status of all DRBs. For example, a gNB might only want to change the status of bit Dx. However, it has to know the duplication status of other Di bits when the MAC CE is sent. In a DC duplication scenario, it is possible that a gNB may not be aware if duplication has been activated by the other cell group for DRBs that it does not control. 
Observation 2: MAC CE format with a single D-field bitmap indicating the activation/deactivation state for a DRB requires synchronization of duplication state of all DRBs between the network nodes, even for CA duplication case.
This issue could be avoided by limiting the control of duplication to a specified cell group. As an example, only the primary path controls the duplication of a DRB for the DC case. However, this approach is inflexible as it limits the control of duplication to certain gNBs. A simple alternative is to extend the MAC CE with an additional bitmap that indicates which Di bits in the received bitmap are valid. This is illustrated in Figure 3 below:
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[bookmark: _Ref509392377]Figure 3: MAC CE format with validity bitmap extension
A bit Di is only processed by the UE if the corresponding bit Vi is set to 1, otherwise it is ignored. When the gNB wants to change the duplication state of a DRB, it sets the corresponding Vi bit to 1 and the Di bit to the desired duplication state (active/inactive) in the MAC CE. All other V bits are set to 0 by the gNB. 
On reception of the duplication MAC CE, the UE only needs to know the mapping between the Di bits and the corresponding DRB IDs. This is based on the ascending order of DRBs configured for duplication on all cell groups, as per the current agreements by RAN2. When the UE receives a duplication MAC CE, it first checks the Vi bits, and only processes the Di bits that have the corresponding Vi bit set.
Observation 3: Extending the MAC CE with a validity Vi bitmap enables the network to flexibly control duplication and the UE to unambiguously interpret the requested actions.
Note that with the introduction of a validity bitmap, there is no need to have fixed rules in the specifications about which network node is responsible for controlling the duplication of a specific DRB. This is left to the network implementation. It does not require the network nodes to coordinate between themselves in order to synchronise the current state of duplication of DRBs.
Observation 4: With the addition of a validity bitmap, the decision of which network node controls duplication of a DRB can be left to the network implementation and can be transparent to the UE.
Based on the observations above, we propose that the duplication activation/deactivation MAC CE is extended with a validity bitmap and no additional rules are introduced to determine which network node is responsible for the control of duplication.
Proposal 2: The duplication activation/deactivation MAC CE is extended with a validity bitmap that indicates which bits in the DRB bitmap must be processed by the UE.
Proposal 3: No additional mechanism is needed to determine which network node is responsible for controlling duplication activation/deactivation of a DRB. This is left to the network implementation and is transparent to the UE.
4 Conclusion
In this contribution, we note the following observations and have the following proposals:
[bookmark: _Ref489959207]Observation 1: Interpreting the DRB bitmap in the duplication activation/deactivation MAC CE differently depending on the cell group (option 2) is inflexible as it relies on some pre-defined rules and could be complex to specify. It is preferable to allow the network to choose the leg to send the MAC CE as it could improve the reliability.
Observation 2: MAC CE format with a single D-field bitmap indicating the activation/deactivation state for a DRB requires synchronization of duplication state of all DRBs between the network nodes, even for CA duplication case.
Observation 3: Extending the MAC CE with a validity Vi bitmap enables the network to flexibly control duplication and the UE to unambiguously interpret the requested actions.
Observation 4: With the addition of a validity bitmap, the decision of which network node controls duplication of a DRB can be left to the network implementation and can be transparent to the UE.
Proposal 1: RAN2 to discuss and choose from one of the options: 1) The DRB bitmap in the duplication activation/deactivation MAC CE is independent of the MAC entity (cell group) that sends the MAC CE, i.e. a bit Di always points to the same DRB ID. 2) The DRB bitmap is interpreted depending on the MAC entity (cell group) that sends the MAC CE, i.e. D-bits might point to different DRB IDs.
Proposal 2: The duplication activation/deactivation MAC CE is extended with a validity bitmap that indicates which bits in the DRB bitmap must be processed by the UE.
Proposal 3: No additional mechanism is needed to determine which network node is responsible for controlling duplication activation/deactivation of a DRB. This is left to the network implementation and is transparent to the UE.
5 Text Proposal for 38.321
<Start of modification>
[bookmark: _Toc510431926]6.1.3.11	Duplication Activation/Deactivation MAC CE
The Duplication Activation/Deactivation MAC CE of one two octets is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a fixed size and consists of two a single octets containing eight V-fields and eight D-fields. The Duplication Activation/Deactivation MAC CE is defined as follows (Figure 6.1.3.11-1).
-	Vi: The Vi field is set to one to indicate that the corresponding Di field shall be processed by the UE. The Vi field is set to zero to indicate that the corresponding Di field shall be ignored by the UE.
-	Di: this field indicates the activation/deactivation status of the PDCP duplication of DRB i where i is the ascending order of DRB IDs configured with duplication and shall only be processed by the UE if the corresponding Vi field is set to one. The Di field is set to one to indicate that the PDCP duplication of DRB i shall be activated. The Di field is set to zero to indicate that the PDCP duplication of DRB i shall be deactivated.



Figure 6.1.3.11-1: Duplication Activation/Deactivation MAC CE
<End of modification>
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