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Discussion and Decision
1      Introduction
In the last RAN 2 meeting, the following is agreed for NR-NR DC:
1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)

FFS whether packet duplication should also be supported for LTE-NR dual connectivity

2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

It is also agreed to study further packet duplication in CA scenarios (i.e. packet duplication within 2 or more cells within a gNB):

RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.

In this contribution, we further discuss the application of DC and CA mechanism for packet duplication within a gNB. 

2      Discussion
2.1     Dual connectivity for packet duplication within a gNB
2.1.1 From the UE perspective

As described in [1], for UL packet duplication using Dual connectivity in NR-NR inter-working scenario, the UL TX PDCP entity of the radio bearer can coordinate the transmission of the UL PDCP PDU towards the SCG and MCG by indicating the data availability of the same UL PDCP SDU in the BSRs to both MCG and SCG (i.e. similar to setting the threshold to 0 or disabling the threshold) and by transmitting the PDUs of the same PDCP SDU in both the logical channels of the MCG and SCG. The UL TX PDCP entity can maintain the data availability for the MCG and the SCG separately (e.g. by maintaining separate PDCP SDU buffers for MCG and SCG, or by maintaining separate available or unavailable indications corresponding to SDUs in the same buffer). Whether to allow for such duplication and the number of duplications should be configurable via RRC signalling per radio bearer. 

The rest of the BSR procedure and SR trigger can be similar as in normal operation without packet duplication since they are separately triggered by the MAC entities for MCG and SCG on the UE side. Even though BSR and SR are sent via MCG and SCG, it is not really needed to be sent to both to support the packet duplication within a gNB. However, this can be controlled by the gNB via enabling the threshold.
From the LCP aspect, it is assumed that the URLLC logical channel will be configured to be highest priority (or at least higher than other traffic channel). The LCP will prioritise the URLLC logical channel when generating and sending the MAC PDU to the lower layers for the UL grant (configured or dynamic) corresponding to the numerology configured for the URLLC logical channel.
For the DL packet duplication at the PDCP level, the DL RX PDCP entity can discard the duplicated PDCP PDUs if duplicate reception is detected.
In summary, with the packet duplication for NR-NR DC supported, applying DC mechanism (i.e. packet duplication at PDCP level) within a gNB is already supported from the UE side from the functional level if the network configures two cell groups across serving cells belonging to the same gNB. 

Observation 1: With the packet duplication for NR-NR DC supported, applying DC mechanism (i.e. packet duplication at PDCP level) within a gNB can be already supported from the UE side from the functional level if the network configures two cell groups across serving cells belonging to the same gNB.  

2.1.2 From the gNB perspective

For the DL packet duplication at the PDCP level, the gNB has to treat each cell as though they are “separate” gNBs (i.e. separate cell group). The PDCP entity is common to a URLLC DRB but the lower layers (i.e. RLC and MAC) are independent for each “separate” gNB. Then like in the UE UL TX PDCP entity, PDCP PDU shall be delivered by the PDCP entity to the “separate” gNB.

For the UL packet duplication at the PDCP level, the gNB schedules UL grants on the separate cell groups to enable packet duplication at the UL. Furthermore, the UL RX PDCP entity can discard the duplicated PDCP PDUs if duplication reception is detected.
In summary, the implementation of DC mechanism within a gNB can be left to implementation. There is minimal specification impact.

Observation 2: The implementation of DC mechanism (i.e. packet duplication at PDCP level) for packet duplication within a gNB can be left to implementation by configuring two cell groups across serving cells belonging to the same gNB. There is minimal specification impact.

Proposal#1: Packet duplication using DC mechanism (i.e. at PDCP level) should be considered for both inter-gNB and intra-gNB.
2.2     CA mechanisms for packet duplication within a gNB
In DC, it is mandatory for the UE to support 2 UL transmission and 2 DL reception simultaneously. In some use cases or scenarios, the requirement may be to perform packet duplication only in the DL. And there may be scenarios where it requires that the UE supports packet duplication over more than 2 links. Supporting DC mechanism for packet duplication (i.e. PDCP level duplication) only may not be sufficient. 

Hence it would be beneficial to study further the need of CA mechanism within a gNB.
In [1], we have proposed packet duplication at the transmitter MAC level based on the legacy CA mechanism (i.e. simultaneous transmission of the same MAC PDU over different component carriers at the same TTI) with duplication reception detected at RLC/MAC level of the receiver. Such receive diversity could easily be implemented with existing CA mechanism.
Observation 3: Existing CA mechanism can achieve receive diversity for packet duplication within a gNB.

There are also proposals [2] to perform soft combining at the physical layer across different carriers either using one HARQ process or multiple HARQ processes. RAN 2 should wait for feedback from RAN 1 for such soft combining schemes as it requires cross carrier and/or cross HARQ process combining, which is not applied in LTE.

Observation 4: Schemes which requires soft-combining across different carriers at L1 impact RAN 1.

Proposal#2:  To continue studying in the WI phase whether there are any use cases or scenarios that would be beneficial in applying the CA mechanisms (i.e. receive diversity or soft-combining across component carriers) to enhance the reliability of URLLC. For schemes which require soft-combining across different component carriers at L1, RAN 2 should wait for feedback from RAN 1. 
3      Conclusion
In this contribution, we consider the various proposals for performing packet duplication in CA scenarios for URLLC service and has the following observations and proposals:

Observation 1: With the packet duplication for NR-NR DC supported, applying DC mechanism (i.e. packet duplication at PDCP level) within a gNB can be already supported from the UE side from the functional level if the network configures two cell groups across serving cells belonging to the same gNB.  

Observation 2: The implementation of DC mechanism (i.e. packet duplication at PDCP level) for packet duplication within a gNB can be left to implementation by configuring two cell groups across serving cells belonging to the same gNB. There is minimal specification impact.

Proposal#1: Packet duplication using DC mechanism (i.e. at PDCP level) should be considered for both inter-gNB and intra-gNB.

Observation 3: Existing CA mechanism can achieve receive diversity for packet duplication within a gNB.

Observation 4: Schemes which requires soft-combining across different carriers at L1 impact RAN 1.

Proposal#2:  To continue studying in the WI phase whether there are any use cases or scenarios that would be beneficial in applying the CA mechanisms (i.e. receive diversity or soft-combining across component carriers) to enhance the reliability of URLLC. For schemes which require soft-combining across different component carriers at L1, RAN 2 should wait for feedback from RAN 1. . 
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