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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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
The basic consideration on dynamic leg selection for PDCP duplication was captured in TR 38.825 as below. Up to 4 RLC entities can be configured for a bearer by RRC and less RLC entities can be activated for duplicate data transmission.
	[bookmark: _Toc3163593][bookmark: _Toc3163594]4.2	Enhancements to PDCP duplication
4.2.1	Protocol aspects
In PDCP duplication, the PDCP entity delivers duplicate PDCP PDUs to more than one RLC entity.
The benefit in supporting up to four (4) copies can give the NW freedom, in certain architectural deployment scenarios, e.g. using CA or DC, to configure towards achieving consistent reliability using several concurrent radio links that dynamically vary in reliability and latency. Duplication increases overhead as well as protocol complexity and use of more than two copies is not expected to be a common configuration.
Multiple RLC entities/legs give better possibilities for varying link characteristics and selecting for which radio links duplication is active. This facilitates having duplicated PDUs transmitted, possibly dynamically, on selected radio link(s) in a subset of a total number of configured RLC entities/legs. For example, the active subset of configured RLC entity/leg and/or carriers can be dynamically switched to support flexible transmission of PDCP PDUs. In addition, supporting multiple configurable RLC entities/legs also supports different architectural deployments and combinations, e.g. DC in combination with CA or other.
RRC configuration can be used to initially configure UEs of a set of RLC entities or legs; for where the NW can dynamically control how configured RLC entities or legs are activated and used for duplicate transmission using signalling such as MAC CE. Dynamic selection of RLC entities or legs may possibly also be made using other methods, for example UE based.




To perform dynamic leg selection, we should solve 3 open issues.
· How many legs can be activated for duplicate transmission?
· How to configure and operate up to 4 legs?
· How to active/deactivate configured legs?

Open issue 1: How many legs can be activated for duplicate transmission?
In RAN1 reply LS [4], it was stated that reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR. 
	[bookmark: _Hlk536158423]On reliability analysis using single UE link level evaluations, RAN1 makes the following conclusions:
· For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication). It is RAN1 conclusion that PDCP duplication is not always available/applicable.


Except reliability enhancement in PHY layer, PDCP duplication is a useful L2 tool for reliability improvement. Since one link operates with 1e-4 to 1e-6 reliability in PHY layer, PDCP duplication with two legs can reach 1e-8 to 1e-12 reliability. It already satisfies the most stringent reliability requirement in SA2. Even if 3-leg has some reliability enhancement, it is not essential for IIoT.
In RAN2#105, only one contribution [5] showed some performance benefits of 3-leg duplication versus 2-leg, from simulations. However, the main improvement is observed on the standard deviation of the latency, not the mean, and for a BLER assumption of 10% on the initial transmission, which is very unlikely to be the operating BLER for an URLLC channel. On the other hand, the simulation results show ~ zero improvement on the mean latency with a (more realistic) 1% BLER assumption on the initial transmission. Hence such simulation results are not conclusive in favour of 3-leg duplication.
Meanwhile, one more leg will introduce more resource waste and design complexity. At least below aspects shall be studied:
· Activation/deactivation design totally different to PDCP duplication in NR Rel-15;
· 2 or 3-leg selection among 4;
· More resource usage with 3 active legs, hence more critical impact on resource efficiency.
Since 2-leg duplication can satisfy the reliability requirement in IIoT and one more activated leg will increase design complexity and resource consumption, PDCP duplication with 2 activated legs is enough in Rel-16.
[bookmark: _Ref4520432]Proposal 1: Activation of more than 2 legs for duplication is not considered for Rel-16.
Open issue 2: How to configure and operate up to 4 legs?
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 [3] 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 [3], there is no gain in dynamically adjusting the different CCs within one CG, because they are controlled by a common gNB 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.
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_LINK8][bookmark: OLE_LINK7][bookmark: OLE_LINK144][bookmark: OLE_LINK143]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 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 2: Dynamic leg selection in DC+CA duplication consists in switching from DC-duplication to CA-duplication and vice-versa.
PDCP duplication in DC+CA can be configured as: 
· One RB corresponding to one PDCP can be mapped to 1 or 2 RLC entities in one CG, so at most 4 legs could be configured. When only 1 RLC entity is configured per CG, it is the same as DC duplication in NR Rel-15.
· In one CG, a default RLC entity can be configured for the case that only one leg is activated in the CG so that the activated leg in one CG does not need to be explicitly indicated in the activation/deactivation MAC CE. Note that this configuration is the same as CA duplication in one CG in NR Rel-15.
· gNB can configure whether DC duplication or CA duplication is used as default when duplication is activated.
[bookmark: _Ref4657156][bookmark: _Ref4520438]Proposal 3: DC+CA duplication can be configured as:
1) at most 2 legs can be configured in one CG;
2) one default leg is configured in each CG;
3) gNB configures CA duplication or DC duplication as default PDCP duplication.
Open issue 3: How to active/deactivate configured legs?
With above DC+CA configuration model and configuration mechanism, we can activate/deactivate duplication in a simple way.
For backwards compatibility, the Rel-15 duplication activation/deactivation MAC CE should be re-used for also controlling the duplication activation/deactivation of DC+CA duplication in Rel-16.
[bookmark: _Ref4657159]Proposal 4: In DC+CA duplication, the legacy Rel-15 duplication activation/deactivation MAC CE is used to activate the configured default RLC entities, or deactivate PDCP duplication for corresponding DRB(s).
Now, to control the dynamic switching between CA and DC duplication, we can introduce a new 1-byte MAC CE named “DC/CA duplication selection MAC CE”. The 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 can be used as below:
· After duplication activation, if gNB wants to change the duplication mode (from DC duplication to CA duplication, or from CA duplication to DC duplication), the DC/CA duplication selection MAC CE can be used for dynamic leg selection.
· To switch from DC duplication to CA duplication, the DC/CA duplication selection MAC CE should be sent in the CG for CA duplication.
[bookmark: _Ref4657163]Proposal 5: A new MAC CE “DC/CA duplication selection MAC CE”, with same formats as the legacy Rel-15 duplication activation/deactivation MAC CE is used for dynamic DC/CA duplication switching.
Figure 3 is an example of duplication activation and dynamic leg selection.
· Step 1: gNB configures 4 legs for DRB1. RLC1 and RLC3 are configured as default RLC entity in each CG. The default duplication type is DC duplication. As NR Rel-15, the initial state of duplication can be configured.
· Step 2: gNB sends (legacy) Duplication Activation/Deactivation MAC CE to UE. Then UE activates DC dupplication in RLC1 and RLC3.
· Step 3: When gNB wants to swtich DC duplicaiton to CA duplicaiton, it can send DC/CA duplication selection MAC CE in the CG for CA duplication. Then UE switches DC duplication to CA duplication in the CG which sent the DC/CA duplication selection MAC CE. For better duplication control, information interaction between CGs should be needed.


[bookmark: _Ref4519367]Figure 3 An example of duplication activation and dynamic leg selection
Conclusion
This contribution discusses PDCP duplication activation/deactivation and dynamic leg selection in DC+CA case and provides below proposals.
Proposal 1: Activation of more than 2 legs for duplication is not considered for Rel-16.
Proposal 2: Dynamic leg selection in DC+CA duplication consists in switching from DC-duplication to CA-duplication and vice-versa.
Proposal 3: DC+CA duplication can be configured as:
1) at most 2 legs can be configured in one CG;
2) one default leg is configured in each CG;
3) gNB configures CA duplication or DC duplication as default PDCP duplication.
Proposal 4: In DC+CA duplication, the legacy Rel-15 duplication activation/deactivation MAC CE is used to activate the configured default RLC entities, or deactivate PDCP duplication for corresponding DRB(s).
Proposal 5: A new MAC CE “DC/CA duplication selection MAC CE”, with same formats as the legacy Rel-15 duplication activation/deactivation MAC CE is used for dynamic DC/CA duplication switching.
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