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1 Introduction

At RAN2 NR 2017 Adhoc#2 meeting, for EN-DC, it was agreed that
Agreements:

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

Agreements:

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. 

At RAN2#99 meeting, for EN-DC, it was agreed that

Agreements

1
We will not support MAC CE activation/deactivation of duplication within LTE MAC.

2
We will not support the CA duplication in LTE 

3
CA duplication is supported for all non-split UM DRBs if the bearer uses NR-PDCP, for all architecture options (apart from cases excluded by 1 and 2)

FFS: for AM DRBs and SRBs

4
DC duplication is supported for all split DRB and SRBs if the bearer uses NR-PDCP, for all architecture options
Agreements

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 RAN2#99bis, for HRLLC, it was agreed that

Agreements:

1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2
RAN2 works on PDCP data duplication for both CA and DC.
3a
At least UM bearers are supported for PDCP duplication via CA.
4
PDCP enables reordering and duplication detection when PDCP duplication is configured.
6
MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.

7
For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.
8
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

9
LCH to carriers/cells restriction is configured for CA duplication.

In RAN2#100, for HRLLC, it was agreed that

Agreements:

1
The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
2
the logical channel handling can take the NR’s conclusion as baseline:

· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions). 
In this contribution, we discuss the left issues for packet duplication, i.e., how to control UL packet duplication for split bearer in MR-DC / NR-DC case. Further detailed stage-3 description is provided in [1].
2 Discussion
Due to the work progress for HRLLC, it has been agreed that LTE is also capable of UL duplication control, i.e., based on the MAC CE. It somehow removes the concern in EN-DC that eNB as MN cannot control UL duplication via MAC CE. So it is good to clarify whether RAN2 should assume eNB may be capable of UL duplication control. In detail, in case of EN-DC, eNB as MN, 

· Scenario 1: If does not support HRLLC, would not be capable of UL duplication control at all;

· Scenario 2: If support HRLLC, shall support the control of CA duplication of MCG bearer, while it is unclear whether eNB as MN can control split bearer, 

· Scenario 2A: either MN can only use MAC CE to control CA duplication of MCG bearer;

· Scenario 2B: or MN can use MAC CE to control both CA duplication of MCG bearer and DC duplication of split bearer;

Proposal 1 RAN2 to confirm whether to consider the scenario where eNB can impose MAC CE control on CA duplication of MCG bearer in EN-DC scenario.

Proposal 2 RAN2 to confirm whether to consider the scenario where eNB can impose MAC CE control on DC duplication of split bearer in EN-DC scenario.

In RAN2#98, it was agreed that

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 RAN2 NR Adhoc#2, it was agreed that
No UE behaviour will be specified to manage a conflict between the commands received from MN and SN.
Based on this agreement, no pre-defined rules will be specified in UE side to solve the conflicts when two MAC CEs on duplication (de)activation come from MN and SN respectively. Therefore, there could be two directions:

· Alt-1: Both commands from MN and SN contain control bit for a single bearer;

· Alt-2: Either command from MN or SN contains control bit for a single bearer;

If we go for Alt-1, considering “no interaction between nodes are to be introduced”, one cannot prevent the case that different commands coming from MN and SN (one activates, and the other deactivates). And considering the agreement that “no UE behaviour will be specified”, it can only solved in a way that

· Up to UE implementation, i.e., up to UE to decide which node to follow;

· UE decides activation / deactivation based on the arrival time of MAC CE, i.e., UE follows the latest MAC CE;

In both case, it is out of network control (for the latter one, the uncertainty comes from the synchronization between MN and SN, plus the HARQ re-transmission time). Therefore, it is logically clear to use one node to control the UL duplication via MAC CE.
Observation 1 It is beneficial to use only one node (MN or SN) to control the UL packet duplication for split DRB.

If only one node is needed, whether MN or SN should be selected? To answer this question, the following aspects have to be considered:

· Q1: whether the node which is capable to do MAC CE control is aware of the duplication (de)configuration status of the bearer, which is controlled by RRC;

· Q2: whether the node can acquire the necessary input to decide on the control, i.e., the link quality;

· Q3: whether the node has the motivation to activate / deactivate the duplication;

For Q1, considering that both MN and SN would be aware of the radio bearer configuration, i.e., whether the UL duplication is configured or not, both are capable. 
For Q2, each node is aware of the link quality of its own. Additionally, MN can obtain the link quality of SCG link as well. In this way, MN is superior in term of this. However, considering that in EN-DC scenario, eNB as MN node may be not capable of MAC CE diversity, it is not valid to limit the controller role to MN. 
For Q3, considering that it has been agreed that when duplication is deactivated, it falls back to split bearer behaviour, 
· It is motivated for the node on the secondary leg to send MAC CE considering the load status of secondary leg, while less motivation for primary leg since it is anyway to be used even if the duplication is deactivated.

· It is motivated for the node on the primary leg to send MAC CE considering the channel quality status of primary leg, i.e., the duplication via secondary leg is only needed when the link of primary leg becomes too weak to support the reliability requirement.

So in short, secondary leg and primary leg are both motivated from different perspective. However, load status should be down-prioritized, since 1) duplication is used in order to achieve reliability regardless of resource consumption due to duplication, and 2) duplication should be de-configured in case that secondary leg is overloaded.
Observation 2 It is beneficial to use network node on the primary leg to control the UL packet duplication for split DRB.

In case of MR-DC, so it is motivated to configure the eNB always as the secondary leg, and thus it would be the gNB who sends out the MAC CE to control.  
Proposal 3 For MR-DC, in case eNB cannot impose MAC CE control on UL duplication of split bearer, gNB is configured as primary leg and thus impose MAC CE control on duplication split DRB. 

In case of NR-DC, or MR-DC in case that eNB can impose MAC CE control, where both MN and SN are capable of imposing MAC CE control, it is up to network implementation to configure primary / secondary leg, and thus to select MN or SN to control UL duplication.

Proposal 4 For MR-DC, in case eNB can impose MAC CE control on UL duplication of split bearer, it is up to network implementation to choose MN or SN as primary leg and thus impose MAC CE control on duplication split DRB. 

Proposal 5 For NR-DC, it is up to network implementation to choose MN or SN as primary leg and thus impose MAC CE control on duplication split DRB. 

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
It is beneficial to use only one node (MN or SN) to control the UL packet duplication for split DRB.
Observation 2
It is beneficial to use network node on the primary leg to control the UL packet duplication for split DRB.


Based on the observations, we propose:
Proposal 1
RAN2 to confirm whether to consider the scenario where eNB can impose MAC CE control on CA duplication of MCG bearer in EN-DC scenario.
Proposal 2
RAN2 to confirm whether to consider the scenario where eNB can impose MAC CE control on DC duplication of split bearer in EN-DC scenario.
Proposal 3
For MR-DC, in case eNB cannot impose MAC CE control on UL duplication of split bearer, gNB is configured as primary leg and thus impose MAC CE control on duplication split DRB.
Proposal 4
For MR-DC, in case eNB can impose MAC CE control on UL duplication of split bearer, it is up to network implementation to choose MN or SN as primary leg and thus impose MAC CE control on duplication split DRB.
Proposal 5
For NR-DC, it is up to network implementation to choose MN or SN as primary leg and thus impose MAC CE control on duplication split DRB.
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