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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]NR IIoT WID was approved in RAN#83 and below objective should be addressed. This contribution discusses dynamic leg selection with DC+CA duplication.
	1. The detailed objectives for NR PDCP duplication enhancements are:
· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].


Discussion
One objective in the IIoT WID is “Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA”. We discuss CA only case in [1] and conclude that no more than 2 legs need to be configured for CA-only duplication, hence Rel-15 mechanism is sufficient.
This contribution discusses the case of NR-DC in combination with CA. As shown for CA-only duplication [1], there is no gain in dynamically adjusting the different CCs within one CG, because they are controlled by a common gNB MAC scheduler that does a better job. However dynamic leg selection makes sense at DC-level due to separate MAC schedulers. As a result, with up to 4 legs configuration, UE can switch between DC duplication and CA duplication based on various criterions, as discussed below.
There are 3 cases for DC+CA duplication configuration:
· Case 1: MN 1 leg + SN  2 legs;
· Case 2: MN 2 legs + SN 1 leg;
· Case 3: MN 2 legs + SN 2 legs.
Case 3 is the most complicated case and the solution for case 3 can be reused for the other 2 cases.
DC+CA duplication configured with 4 legs is shown in Figure 1-left. MCG and SCG have completely independent resources. After duplication activation, either DC duplication or CA duplication is used similar to NR Rel-15 (Figure 1-right).


[bookmark: _Ref533404651]Figure 1 DC+CA duplication (4-leg configuration and 2-leg activation)
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK143][bookmark: OLE_LINK144]With the method of Figure 1, PDCP duplication can be used more efficiently. UE can be activated as CA duplication quickly when one CG is not suitable for DC duplication due to some reasons such as channel condition deterioration, resource overload, etc. On the other hand, DC duplication can also be activated quickly when there is no redundant resource for CA duplication in one CG, for example, channel condition of several CCs in one CG is unreliable, or either CG has not enough resource for CA duplication but the resource for DC duplication can be provided.
[bookmark: _Ref4657148]Proposal 1: Dynamic leg selection in DC+CA duplication consists in switching from DC-duplication to CA-duplication and vice-versa.
To perform switching between DC duplication and CA duplication, we should consider below aspects:
· How to switch among duplication deactivation, CA duplication and DC duplication;
· The initial state of PDCP duplication (DC-duplication or CA-duplication);
· Consideration on the primary leg.
All issues are related to the gNB RRC configuration and duplication MAC CE format.
There are two alternatives for PDCP duplication activation/deactivation.
Alt1: reuse R15 duplication MAC CE and introduce a new MAC CE for DC/CA duplication switching 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In Alt1, a new 1-byte MAC CE named “DC/CA duplication selection MAC CE” is introduced. The new DC/CA duplication selection MAC CE has the same format as the legacy Rel-15 duplication activation/deactivation MAC CE. Its fields correspond to the DRBs on which the DC/CA switching applies. One separate LCID should be used to indicate the DC/CA duplication selection MAC CE.
The DC/CA duplication selection MAC CE is used for the duplication activated DRB. So it should be used with Rel-15 duplication activation/deactivation MAC CE. For the duplication deactivated DRB, corresponding bit in the MAC CE is reserved.
Before duplication activation, gNB should configure below parameters to UE:
· DRB ID and its related RLC entities. One RB corresponding to one PDCP can be mapped to 1 or 2 RLC entities in one CG. When only 1 RLC entity is configured per CG, it is the same as DC duplication in NR Rel-15.
· Primary leg configuration. Primary leg is used as an anchor for data transmission, for example, it is used for PDCP control PDUs transmission. In Alt1, gNB should configure 2 types of primary leg: primary leg for DC duplication, and primary leg for CA duplication. As in Rel-15, gNB can configure CA duplication in only one CG (MN or SN). The CG for CA duplication can be  implicitly defined by the CG of the primary leg for DC duplication. 
· Initial state when duplication is activated. The gNB activates duplication with Rel-15 duplication MAC CE and it can configure whether DC duplication or CA duplication is used as initial duplication state when duplication is activated.
Based on above RRC configuration and MAC CE design, the duplication activation/deactivation procedure can be:
· Step 1: gNB configures duplication parameters including: DRB ID and related RLC entities, primary leg for DC duplication and CA duplication, initial duplication state (DC or CA duplication), etc.
· Step 2: gNB activates duplication for some DRBs with Rel-15 duplicate activation/deactivation MAC CE and the initial duplication configuration takes effect.
· Step 3: gNB informs DC/CA duplication switching when needed with DC/CA duplication selection MAC CE.
· Step 4: if gNB wants to deactivate duplication, it should send Rel-15 duplicate activation/deactivation MAC CE to UE.
If gNB assesses that the CG being used when switching to CA duplication should be changed, it needs to RRC-reconfigure the CA duplication parameters.  
The advantages of Alt1 are: 1) simple; 2) reusing Rel-15 mechanism as much as possible; 3) little resource consumption (2 bytes). The disadvantages of Alt1 are: 1) should work with Rel-15 duplicate activation/deactivation MAC CE; 2) lack of flexibility in controlling which of MN or SN to use when switching to CA duplication (RRC-configured).
Alt2: introduce a new MAC CE for finer control of duplication activation/deactivation
The new MAC CE can include DRBs and legs (RLC entities or LCIDs) indication.
In Alt2, gNB needs to configure the same parameters as for Alt1, with the difference that gNB doesn’t need to configure initial duplication state (DC duplication or CA duplication) and CA duplication can be configured in both CGs.
We show two MAC CE format examples in Figure 2 and Figure 3. Both are variable size MAC CEs. We can design them as fixed size by using the largest size including all DRBs and legs.
Format 1 (Figure 2): there is 1 byte for each indicated DRB, 5 bits for DRB ID and 3 bits for leg indication. The missing leg (L0) is the primary leg for DC duplication. Because we assume at most 2 legs are activated, the status of the primary leg (L0) can be deduced by the 3 bits. For example, L1L2L3 = 000 means duplication is deactivated; L1L2L3 = 100 means leg0 and leg 1 are activated (CA duplication in the node including leg0); L1L2L3 = 010/001 means leg0 and leg2/3 are activated (DC duplication); L1L2L3 = 011 means leg2 and leg3 are activated (CA duplication in the node not including leg0).


[bookmark: _Ref14280046]Figure 2 Example of duplication activation/deactivation MAC CE including DRBs and legs (Format 1)

Format 2 (Figure 3): there is 1 byte to indicate duplication activation or deactivation for all DRBs, similar to Rel-15 duplication activation/deactivation MAC CE. The following bits indicate the legs corresponding to the duplication activated DRBs in sequence. We show 2 sub-formats. The difference between the two sub-formats is whether the primary leg for DC duplication is indicated.


[bookmark: _Ref14280049]Figure 3 Example of duplication activation/deactivation MAC CE including DRBs and legs (Format 2)
The advantages of Alt2 (with either format 1 or 2) are: 1) it can be used independently of the legacy duplication activation/de-activation MAC CE; 2) it provides more flexibility in activating or deactivating legs, e.g. in controlling which CG to use in Figure 1 when switching from DC to CA duplication. The disadvantage of Alt2 is the resource consumption because of the large size of MAC CE.
Comparing the two alternatives, we first recall that we discuss here the flexibility in controlling legs while duplication is active, meaning that even if one leg should be re-assigned for optimal duplication performance, the other leg is likely to perform OK so the basic benefit of the duplication function is there in first place. Hence, the additional flexibility provided by Alt 2 in dynamically controlling which CG is being used for CA duplication may not be worth the extra-complexity and departure from the legacy design. Therefore we prefer Alt 1, taking Rel-15 duplication activation/deactivation MAC CE as baseline and the new MAC CE as a complement addressing the sufficient improvement provided by the DC/CA switching mechanism.
[bookmark: _Ref16580445]Proposal 2: RRC should configure at least below parameters:
· DRB ID and its related RLC entities.
· The gNB should configure 2 types of primary leg: primary leg for DC duplication, and primary leg for CA duplication. As in Rel-15, gNB can configure CA duplication in only one CG (MN or SN).
· Initial state when duplication is activated (DC or CA duplication). The gNB activates duplication with Rel-15 duplication MAC CE and it can configure whether DC duplication or CA duplication is used as initial duplication state when duplication is activated.
[bookmark: _Ref16580471]Proposal 3: Reuse R15 duplication activation/deactivation MAC CE to indicate duplication activation/deactivation of DRBs, and introduce a new MAC CE for DC/CA duplication switching.

Conclusion
This contribution discusses PDCP duplication activation/deactivation and dynamic leg selection in DC+CA case and provides below proposals.
Proposal 1: Dynamic leg selection in DC+CA duplication consists in switching from DC-duplication to CA-duplication and vice-versa.
Proposal 2: RRC should configure at least below parameters:
· DRB ID and its related RLC entities.
· The gNB should configure 2 types of primary leg: primary leg for DC duplication, and primary leg for CA duplication. As in Rel-15, gNB can configure CA duplication in only one CG (MN or SN).
· Initial state when duplication is activated (DC or CA duplication). The gNB activates duplication with Rel-15 duplication MAC CE and it can configure whether DC duplication or CA duplication is used as initial duplication state when duplication is activated.
Proposal 3: Reuse R15 duplication activation/deactivation MAC CE to indicate duplication activation/deactivation of DRBs, and introduce a new MAC CE for DC/CA duplication switching.
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