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1   Introduction
For Rel-16 IIOT WID [1], the detailed objectives for NR PDCP duplication enhancements are the following:
· 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].
RAN2 made the following agreements with respect to PDCP duplication enhancements:
Agreements in RAN2#107 [2]:
· The number of copies generated is equal to the number of active RLC entities, i.e. one copy per leg/RLC entity, and active/inactive state is determined by MAC CE.

· The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.

· At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)

· The MAC CE signaling structure is either:


a.
Per DRB signaling with the activation status of the associated RLC entities, or


b.
All DRBs with the activation status of the associated RLC entities for each DRB

· A new LCID is used for the Rel-16 MAC CE controlling PDCP duplication.

Agreements in RAN2#106 [3]:
· 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 
Agreements in RAN2#105 [4]:
· PDCP duplication support a configuration delivering up to 4 copies.

· Up to 4 RLC entities/legs per bearer are possible to configure by RRC for PDCP duplication

· The NW can dynamically control (MAC CE or similar) how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication. This does not preclude other methods of leg selection. 

· The architectural combinations supported for the work on PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only)

· R2 assumes that For PDCP duplication, all RLC entities for a RB are configured using the same RLC mode.

RAN2 made the following agreements with respect to LCH-to-Cell restriction:
Agreements in RAN2#103bis [5]:
· LCH-to-Cell restriction can be configured for non-duplication purpose in DC duplication scenario.
· When DC duplication is deactivated, the configured LCH-to-Cell restriction still applies.
Agreements in RAN2#103 [6]:
· The LCH-to-cell restriction can apply on the LCH in the following cases: Non-duplicated bearer; NR leg of EN-DC split bearer; FFS if applicable to NR leg of EN-DC DC-duplicated bearer, for both duplication activated and deactivated state.

· Restriction applies for CA duplication activated state and when CA duplication is not configured. Restriction does not apply for CA duplication deactivated state.

Agreements in AH#1807 [7]:
· LCH-to-cell restriction is not restricted to be only applicable to LCH(s) associated with a radio bearer configured for duplication.

· Add a capability for the LCH-to-cell restriction. Needs to be supported if duplication is supported.

NR system supports LCH-to-cell restriction to reserve a subset of resources such as the numerology with the larger subcarrier spacing and shorter slot duration for URLLC/IIoT services. However, based on the current LCH-to-cell restriction mechanism, the PDCP duplicated PDUs may be dropped by the associated MAC entities. In the worst case, the high reliable and low latency service requirement cannot be achieved. In this contribution, the discussion of guarantee PDCP duplication transmission for URLLC/IIoT services is proposed.
2   Discussion
5G NR is being architected to support the three usage scenarios identified by ITU IMT-2020: enhanced Mobile BroadBand (eMBB), Ultra-Reliable Low Latency Communication (URLLC), and massive Machine-Type Communications (mMTC). A UE may support mixed types of 5G traffic flow, including URLLC, IIoT, and eMBB with varying latency and reliability requirements. From higher layer perspective, PDCP duplication is the key to low latency and high reliability. In Rel-15 NR, when PDCP duplication is activated, the PDCP entity with 2 active RLC entities can only be achieved by either CA configuration or by DC configuration. In Rel-16 NR, to realize the extremely reliable transmission, it has been agreed to enhance performance on supporting up to 4 active RLC entities per bearer for PDCP duplication [4]. The network could configure the architectural scenarios for CA-only, DC-only, or CA+DC (NR Only) duplication as shown in Figure 1. Currently, it still has some open issues to improve the performance on PDCP duplication. 
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Figure 1 The architectural configuration for PDCP duplication enhancements in Rel-16 NR
In general, PDCP duplication is one of schemes to meet the stringent end-to-end QoS requirement such as URLLC/IIoT services. In NR system, there is no end-to-end bearer as in EPS. The core network establishes one or more PDU sessions for each UE. The PDU session includes a QoS flow identifier (QFI) associated with the transferred data. Each QFI associated with different QoS in terms of reliability, delay, etc. SDAP layer is responsible to map QoS flows to radio bearers. When PDCP duplication is configured and activated, all PDCP duplicated PDUs should be transmitted via the active RLC entities as shown in Figure 1. MAC layer should provide a scheme to prioritize and multiplex different types of the packets. Since each MAC entity can support multiple numerologies, transmission duration and cells, the MAC scheduler should take into account of the traffic flow and associated radio bearers when sharing resource between UEs. The LCH-to-cell mechanism can be used to determine the transmission resource allocations for each logical channel. A mapping restriction in LCH-to-cell for duplication case is done to ensure that the PDCP duplicated PDUs are not end up on the same cell/carrier. Considering up to 4 active RLC entities per bearer for PDCP duplication can facilitate relaxing reliability requirements in MAC/PHY layer, LCH-to-cell restriction for the PDCP duplicated PDUs may also be relaxed and be applicable to the other non-duplicated packets within a logical channel. The PDCP duplicated PDUs would be dropped since there is a risk lack of some further information (e.g., packet priority in a logical channel, guarantee of duplication, etc.) during LCH-to-cell restriction mechanism. Therefore, based on the current LCH-to-cell restriction design, it cannot guarantee the transmission of PDCP duplication. In the worst case, when all/some of the PDCP duplicated packets are dropped by the associated MAC entities, the stringent end-to-end QoS requirement cannot be achieved.
Observation 1: Considering up to 4 active RLC entities per bearer for PDCP duplication can facilitate relaxing reliability requirements in MAC/PHY layer, LCH-to-cell restriction for the PDCP duplicated PDUs may also be relaxed and be applicable to the other non-duplicated packets within a logical channel.
Observation 2: Based on the current LCH-to-cell restriction mechanism, the PDCP duplicated PDUs would be dropped by the associated MAC entities. In the worst case, the stringent end-to-end QoS requirement cannot be achieved.
Furthermore, to support various 5G QoS applications, the network reduces the packet transmission delay for the scheduling request procedure by pre-configuring the configured grant resources. In Rel-16 NR, it is agreed to support multiple configured grant (CG) configurations per BWP of a serving cell at least for different services/traffic types and/or for reliability enhancement and latency reduction [8]. A UE may be configured for multiple configured grants and dynamic grant to support multiple services (e.g., URLLC/IIoT and eMBB) simultaneously. If those transmissions are overlapped in the time domain (i.e., collision occurs between configured grant(s) and dynamic grant), the UE may select one of grants and the others are dropped. When the configured grant is collided to a dynamic grant, the pre-emption scheme is introduced for NR allowing the latest one (i.e., dynamic grant) to override the previous one (i.e., configured grant). During the pre-emption, MAC layer can send an indication to inform PHY layer. However, in some cases, the higher layer may not be aware of the transmission of the PDUs (e.g., PDCP duplicated PDUs) is pre-empted by PHY layer. Therefore there is a potential risk of latency and reliability when the PDCP duplicated data is pre-empted by other colliding transmission. In this case, the duplication efficiency is impaired, especially serious in DC duplication scenarios. Based on the discussion above, from higher layer perspective, to achieve URLLC/IIoT service requirements, it is an important issue to guarantee the PDCP duplication transmission without pre-emption by other colliding transmission. 
Observation3: In some cases, the higher layer may not be aware of the transmission of the PDUs (e.g., PDCP duplicated PDUs) is pre-empted by PHY layer. Therefore there is a potential risk of latency and reliability when the PDCP duplicated data is pre-empted by other colliding transmission.

Observation4: From higher layer perspective, to achieve URLLC/IIoT service requirements, it is an important issue to guarantee the PDCP duplication transmission without pre-emption by other colliding transmission.
To guarantee the PDCP duplication transmission, a PDCP duplicated data differentiation scheme in MAC/PHY layer is beneficial for data prioritization and multiplexing. However, MAC/PHY layer is not aware of the data type. This means that the gNB knows neither which data type associated with certain QFI for transmission or the amount of PDCP duplicated data for transmission. It maybe is a good starting point to consider the enhanced LCH-to-cell behavior (e.g., pre-emption prohibition indication) for reaching the strict reliability and latency requirements. Considering some limitations of enhanced LCH-to-cell behavior, it is possible to guarantee the PDCP duplication transmission for URLLC/IIoT services.
Proposal: For URLLC/IIoT services, RAN2 to consider the limitations of enhanced LCH-to-cell behavior (e.g., pre-emption prohibition indication) to guarantee the PDCP duplication transmission.

3   Conclusion

Based on the discussion above, we kindly ask RAN2 to discuss and agree on the following proposals:
Observation 1: Considering up to 4 active RLC entities per bearer for PDCP duplication can facilitate relaxing reliability requirements in MAC/PHY layer, LCH-to-cell restriction for the PDCP duplicated PDUs may also be relaxed and be applicable to the other non-duplicated packets within a logical channel.
Observation 2: Based on the current LCH-to-cell restriction mechanism, the PDCP duplicated PDUs would be dropped by the associated MAC entities. In the worst case, the stringent end-to-end QoS requirement cannot be achieved.
Observation3: In some cases, the higher layer may not be aware of the transmission of the PDUs (e.g., PDCP duplicated PDUs) is pre-empted by PHY layer. Therefore there is a potential risk of latency and reliability when the PDCP duplicated data is pre-empted by other colliding transmission.

Observation4: From higher layer perspective, to achieve URLLC/IIoT service requirements, it is an important issue to guarantee the PDCP duplication transmission without pre-emption by other colliding transmission.
Proposal: For URLLC/IIoT services, RAN2 to consider the limitations of enhanced LCH-to-cell behavior (e.g., pre-emption prohibition indication) to guarantee the PDCP duplication transmission.
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