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[bookmark: _Ref490127969]Introduction
In last meeting, below agreements were reached.
Agreements:
1:	In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.
FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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. 
FFS Whether UL packet duplication for spit bearer applies for EN-DC.

Agreements:
1. Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 
2. The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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.  
FFS if fall back to split bearer is supported for DC . 
In this contribution, we discuss the duplication activation/deactivation MAC CE in detail.
Discussion
Which leg should be used after duplication deactivation?
As captured in the stage 2 TS [2], DRBs configured with duplication are RRC-configured with both an original and additional RLC entities and logical channels. Although agreement #4 in Section 1 makes it clear to us that both the original and the additional legs are configured by RRC, it appears some ambiguity could remain whether MAC CE could still indicate which of original/additional leg should be used after deactivation, which impacts MAC CE design. Therefore we analyze and clear this issue for both CA and DC duplication.
1. CA duplication
The procedure of duplication activation and deactivation in CA is shown in Figure 1.
· Before duplication activation: one logical channel is used to transmit the data of the DRB before duplication is configured or activated and all CCs can be used for this logical channel. For better clarity, we call the logical channel as primary leg. 
· Duplication activated: two logical channels are used to transmit the data of the DRB. We call the second logical channel secondary leg. The data from primary leg and secondary leg are transmitted via different CCs.
· Duplication deactivation: after duplication deactivation, there are two possible alternatives: keep the primary leg or keep the secondary leg. Because the remaining leg can use all CCs, there is no difference between keeping the primary leg and the secondary leg.


[bookmark: _Ref489439612]Figure 1 Duplication activation and deactivation in CA
Observation 1: There is no difference between keeping the primary leg and the secondary leg after duplication deactivation in CA.
2. DC duplication
In DC, two legs of the DRB belong to different CGs. The primary leg should be used when duplication is configured and not activated. Similar to split bearer configuration in DC, network can configure the primary leg for the DRB. For example, if gNB enables the parameter ul-DataSplitDRB-ViaSCG, the primary leg is SCG, otherwise, the primary leg is MCG. If the transmission performance of primary leg becomes worse than the secondary leg, gNB should reconfigure the primary leg of the DRB rather than deactivate duplication.
Observation 2: In DC, similar to the split bearer case, the primary leg can be RRC (re-)configured by gNB and without the need to be changed by duplication activation/deactivation MAC CE.
Meanwhile, if the duplication activation/deactivation MAC CE can indicate which logical channel is deactivated, there is a risk of dead lock.
We agreed that “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.” So both MCG and SCG can send duplication activation/deactivation MAC CEs, and the conflict of MAC CEs from different nodes should not incur big question.
If one node activates duplication and another node deactivates duplication, there is always one leg that should be available anyway. The data should be able to be transmitted regardless which MAC CE UE follows. And the different duplication status between network and UE should not be ambiguous even after several MAC CEs receptions from either CG.
However, if MCG and SCG deactivated different legs as shown in Figure 2, UE can’t transmit data at all because neither MCG nor SCG will assign UL grant to UE.


[bookmark: _Ref489463031] Figure 2 Question incurred by conflicted MAC CEs in DC
Observation 3: If MAC CE can deactivate any logical channel, the conflict between MCG MAC CE and SCG MAC CE could make UE can’t transmit data at all.
Based on above analysis, the RRC-configured primary leg should be always active, and should not be updated by a MAC CE. The duplication activation/deactivation MAC CE should be used to activate or deactivate the RRC-configured secondary leg only. So each bit in the bitmap in the duplication activation/deactivation MAC CE corresponds to one DRB.
Proposal 1: A duplicated DRB is RRC-configured with a primary leg which is always active irrespective of any received activation/deactivation MAC CEs.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 2: Each bit in the bitmap in the duplication activation/deactivation MAC CE corresponds to one DRB.
Consideration on SRB
In last meeting, the agreements on duplication activation/deactivation MAC CE aimed to DRB.
For SRB, it was agreed that:
Agreements
1:	MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.
2:	For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG.
FFS Duplication on SRB for CA cases 
FFS Behaviour in the case of SCG failure when SCG is the configured path.
So MAC CE should not be used to activate or deactivate SRB duplication in DC.
We discuss and propose supporting SRB duplication in CA in [1]. We think the mechanism for SRB duplication should be consistent in CA and DC. Then the duplication activation/deactivation MAC CE should not be used for SRB in CA either. So we can now have the generic proposal (for both CA and DC):
Proposal 3: The duplication activation/deactivation MAC CE is not applicable to SRB.
The mapping between DRBs and the bitmap
Since each bit in the bitmap in the duplication activation/deactivation MAC CE corresponds to one DRB, we need to define the rule of mapping relationship.
There are three options to define the mapping relationship.
· Option 1: The mapping between DRBs and the bitmap is determined in the chronological order of duplication configuration.


Figure 3 Mapping between DRBs and the bitmap (option 1)
· Option 2: The mapping between DRBs and the bitmap is determined in the order of the DRB number.


Figure 4 Mapping between DRBs and the bitmap (option 2)

· Option 3: The mapping between DRBs and the bitmap is configured by the RRC signaling of duplication configuration explicitly.
Option 1 and option 2 could incur some ambiguity if MAC CE is sent while an RRC signaling of duplication configuration is on-going.
In option 3, gNB can configure the bit location in the duplication activation/deactivation MAC CE to a specific DRB in smart way to avoid ambiguity as much as possible.
· When removing a duplicate DRB: the bit corresponding to the DRB is released. UE will not activate duplication for the DRB regardless any value of this bit in the received MAC CE.
· When configuring a duplicate DRB: gNB should assign an unused bit in the MAC CE to the new duplicate DRB. During the RRC configuration period, if a duplication activation/deactivation MAC CE should be sent for another DRB, gNB can set the bit corresponding to the new duplicate DRB to the value (activated/deactivated) configured as initial state by RRC. Thus, if the UE receives the MAC CE before the RRC configuration has completed, it will disregard this bit in the MAC CE. And if the UE receives the MAC CE after the RRC configuration has completed, then the bit value is consistent with the initial state of the RRC configuration. 
Option 3 is clearer and better addresses any ambiguity between activation/deactivation MAC CE and RRC configuration. So the option 3 is preferred.
Proposal 4: The mapping between DRBs and the bitmap is configured by the RRC signaling of duplication configuration explicitly.
MAC CE format
According to above sections, we can design the duplication activation/deactivation MAC CE in detail.
One LCID can be used to indicate the duplication activation/deactivation MAC CE, the MAC subheader is shown in Figure 5. It is the same as other MAC CE’s subheaders.


[bookmark: _Ref489467276]Figure 5 R/LCID MAC subheader
Although the number of DRBs should be increased in NR, the number of DRBs configured as duplication transmission should not be so large. Hence we believe one byte for 8 DRBs is enough to indicate the duplication activation/deactivation.


[bookmark: _Ref489468205]Figure 6 Duplication activation/deactivation MAC CE
Proposal 5: 1 byte bitmap could be used as duplication activation/deactivation MAC CE.
Proposal 6: RAN2 adopts the duplication activation/deactivation MAC subheader and MAC CE as depicted in Figure 5 and Figure 6.
Conclusion
In this contribution, we discuss the duplication activation/deactivation MAC CE and give below proposals.
Proposal 1: A duplicated DRB is RRC-configured with a primary leg which is always active irrespective of any received activation/deactivation MAC CEs.
Proposal 2: Each bit in the bitmap in the duplication activation/deactivation MAC CE corresponds to one DRB.
Proposal 3: The duplication activation/deactivation MAC CE is not applicable to SRB.
Proposal 4: The mapping between DRBs and the bitmap is configured by the RRC signaling of duplication configuration explicitly.
Proposal 5: 1 byte bitmap could be used as duplication activation/deactivation MAC CE.
Proposal 6: RAN2 adopts the duplication activation/deactivation MAC subheader and MAC CE as depicted in Figure 5 and Figure 6.
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