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1 Introduction

Regarding the RLC impact of PDCP duplication, we have the following RAN2 agreements:

Agreements (RAN2#97bis)

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

Agreements (RAN2 AH NR#2)

1:
In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.

FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.

2
UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 

FFS Whether UL packet duplication for spit bearer applies for EN-DC.

In RAN2 AH-1801 meeting, RAN2 agreed the following on PDCP duplication:
Agreements (RAN2 AH-1801)
1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  

2. Baseline is that packed duplication is support for data PDUs

3. For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  

4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity

5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  

6. Packet duplication does not impact RLC data volume

7. The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.

8. The deactivated RLC entity is not re-established 

9. For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  

10. When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.

11. If SRB is configured to use duplication, the state is always active

12. FFS Duplication is supported for SRBs for CA 
In spite of a number of agreements, there are some open issues on RLC at activation and deactivation procedure. This contribution would like to discuss about them.
2 Discussion
2.1 RLC Retransmission after Deactivation
In the last AH meeting, RAN2 agreed that UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity. This means that the secondary RLC entity should flush the buffered data. However, RLC AM shall not allow any RLC SN gap. If a data PDU is already submitted to lower layer (i.e. MAC) and successful transmission is not confirmed yet, this PDU cannot be discarded by RLC AM entity. Figure 1 describes PDU discard at deactivation.
Proposal 1. RLC retransmission should be continued after duplication deactivation.

Figure 1. RLC packet discard and remaining retransmission packets at deactivation
In CA duplication scenario, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied (agreed in RAN2 AH NR#2). In our understanding, this agreement is applied also for secondary LCH. RLC PDUs in the retransmission buffer can be transmitted via any active cell. Hence, we might have a case that the original PDCP PDU and the corresponding duplicate are transmitted on the same transport block. This seems to contradict to an agreement in RAN2#97bis: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block. However, this case occurs only for RLC AM with retransmission immediately after duplication deactivation. In our view, we may allow an exceptional case in this scenario, because additional solution to this problem will increases the complexity for small optimization.
Proposal 2. When duplication is deactivated, the original PDCP PDU and the corresponding duplicate CAN be transmitted on the same transport block.
2.2 Suspended Packet Problem
In CA duplication, if all the mapped SCells to one LCH are deactivated, the corresponding RLC cannot keep transmitting buffered PDUs. This means that all pending PDUs are suspended for transmission. Since SCell deactivation time is usually long enough to expire PDCP discard timer, most buffered packet will be discarded. However, as same as section 2.1, PDUs buffered for retransmission cannot be discarded. These PDUs will be transmitted after SCell activation. The delayed transmission after activation is useless to user’s application. Furthermore, it could sometimes make HFN desynchronization or undesirable PDCP window shift. Figure 2 illustrates the problem (PDU#5 in the figure).
One could argue that the retransmission can be controlled by network. However, gNB does not know the exact buffer size for retransmission. BSR has some error margin due to BSR period or buffer status change due to discarded PDU. Hence, this is a possible scenario. To solve the problem, we can consider some solutions: e.g. RLC re-establishment, implicit deactivation, header-only RLC PDU or notification of the pending PDU to gNB.
Proposal 3: RAN2 to study to prevent the suspended packet problem.
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Figure 2.Suspended Packet Problem

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1. RLC retransmission should be continued after duplication deactivation.

Proposal 2. When duplication is deactivated, the original PDCP PDU and the corresponding duplicate CAN be transmitted on the same transport block.
Proposal 3: RAN2 to study to prevent the suspended packet problem.
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