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1 Introduction

The objective of IIOT WID includes features related with PDCP 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].
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].
· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].


In RAN2#106 meeting, the following high-level agreements were made:
	· Intention is that Copies are sent on different legs 
· Dynamic Network control of DRB duplication is by MAC CE

· By the MAC CE, Network to control which of the configured RLC entities that is/are active

· Support the case that no of copies = no of active RLC entities


This contribution discusses the remaining issues of configuration and initial state of duplication with up to 4 RLC entities. 
2 Discussion
2.1 Configuration of 4 RLC entities

In NR, each RLC entity is configured in RLC-BearerConfig which provides mapping between logical channel identity and radio bearer identity, as shown in Appendix. Duplication or split bearer can be configured by multiple RLC-BearerConfig with the same radio bearer identity. So, we can say that current ASN.1 allows configuration of up to 4 RLC entities.

The issue here is the maximum number of copies per cell group. One could argue that only 2 RLC entities per cell group are sufficient. At least for ASN.1 perspective, there is no reason to limit the number. Also, carrier aggregation can be configured with many SCells. In this case, multi-leg duplication can be feasible and useful. In our view, it’s up to NW implementation on how many legs are configured and how many legs are active.

Observation 1. TS38.331 ASN.1 already supports configuration of up to 4 RLC entities.

Proposal 1. Configuration of up to 4 RLC entities for a duplication bearer per UE is supported by multiple RLC-BearerConfigs with the same radio bearer identity. 

Proposal 2. Configuration of up to 4 RLC entities for a duplication bearer per cell group is supported by multiple RLC-BearerConfigs with the same radio bearer identity. No additional restriction on number of configured RLC entities per cell group is necessary.
Proposal 3. Any configured RLC entities can be active independently. No additional restriction on number of active RLC entities per cell group is necessary.
2.2 Asymmetry between DL/UL duplication and Initial State
In Rel-15, only uplink duplication was defined and specified by RAN2. The reason is that downlink duplication can be fully controlled by gNB implementation. But in F1 interface, control of downlink duplication is supported between CU and DU. It means that downlink duplication can be performed over duplication bearer where PDCP performs duplication and submits packets to different RLC entities. Also, it is of course possible that UL duplication is activated and DL duplication is not. 

When 4 RLC entities are configured for duplication, it should be possible that UE performs uplink duplication over 3-leg and at the same time gNB performs downlink duplication over 4-leg as described in Figure 1. It should be also possible that gNB performs downlink duplication but the uplink duplication is deactivated. It is because downlink and uplink have different link quality and also operation policy. To enable this, we need to configure whether the RLC entity is used for uplink duplication for each RLC entity. 

Based on agreements during RAN2#106, this can be considered as the initial state, which has two options, i.e. activation or deactivation in Rel-15. Since RAN2 agreed the network control of active RLC entities by the MAC CE, it seems equivalent that the same information is provided by RRC at the configuration of the PDCP duplication.
Proposal 4. RRC configures which of the configured RLC entities that is/are active. It can be also dynamically changed by MAC CE.
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Figure 1. Asymmetry between DL duplication and UL duplication
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. Configuration of up to 4 RLC entities for a duplication bearer per UE is supported by multiple RLC-BearerConfigs with the same radio bearer identity. 

Proposal 2. Configuration of up to 4 RLC entities for a duplication bearer per cell group is supported by multiple RLC-BearerConfigs with the same radio bearer identity. No additional restriction on number of configured RLC entities per cell group is necessary.
Proposal 3. Any configured RLC entities can be active independently. No additional restriction on number of active RLC entities per cell group is necessary.
Proposal 4. RRC configures which of the configured RLC entities that is/are active. It can be also dynamically changed by MAC CE.
4 Appendix
–     RLC-BearerConfig
The IE RLC-BearerConfig is used to configure an RLC entity, a corresponding logical channel in MAC and the linking to a PDCP entity (served radio bearer).
RLC-BearerConfig information element
-- ASN1START

-- TAG-RLC-BEARERCONFIG-START

RLC-BearerConfig ::=                        SEQUENCE {

    logicalChannelIdentity                      LogicalChannelIdentity,

    servedRadioBearer                           CHOICE {

        srb-Identity                                SRB-Identity,

        drb-Identity                                DRB-Identity

    }                                                                                                       OPTIONAL,   -- Cond LCH-SetupOnly

    reestablishRLC                              ENUMERATED {true}                                           OPTIONAL,   -- Need N

    rlc-Config                                  RLC-Config                                                  OPTIONAL,   -- Cond LCH-Setup

    mac-LogicalChannelConfig                    LogicalChannelConfig                                        OPTIONAL,   -- Cond LCH-Setup

    ...

}

-- TAG-RLC-BEARERCONFIG-STOP

-- ASN1STOP
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