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1 Introduction
The discard of duplicates of successfully transmitted data was discussed in R2#AH1801 and the following agreement was reached.
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.
RLC feedback was chosen as the trigger for the discard, which limits the functionality to RLC AM. In this submission, we propose that MAC feedback can also be used as a trigger for duplicate discard, especially for RLC UM operation.
2 Discussion
[bookmark: _Ref489886241][bookmark: _Ref505696585]2.1 Reliability of HARQ feedback
In LTE, HARQ feedback for UL data was provided on the DL PHICH, which had a significant false alarm rate (FAR). The probability of incorrectly decoding the ACK/NACK information was between 10-2 and 10-4. With the introduction of asynchronous HARQ in NR, the feedback is now sent using the NDI information on PDCCH. When the NDI bit is toggled, it is an indication from the gNB to the UE that the data on the HARQ process is not to be retransmitted, i.e. an ACK.
According to the RAN1 agreements provided below [1] [2], the PDCCH has been designed with a FAR of ~7.15 x 10-7:
R1#90
Agreement on next steps: 
•	By the Sept NR adhoc, companies are requested to evaluate exhaustively the FAR of the above working assumption to identify any potential FAR problems (i.e. below 1.5 x 2^-21 with 100 events):
R1#AH1709
From the available evaluation results, the following schemes satisfy the FAR targets for all cases:
•	Working assumption (modified as in 38.212v1.0.0) when DMRS overhead is ¼
•	Modified proposal in R1-1715494
Agreement:
•	Confirm working assumption on CRC and interleaver (as modified as in 38.212v1.0.0)

The design of the CRC and interleaver for PDCCH has been agreed based on the proposal in [3] which provides the FAR simulations shown in Figure 1. The targeted FAR is two orders of magnitude better than the BLER target of 10-5 for URLLC transmissions. Therefore HARQ feedback can be reliably used to discard duplicate information while still meeting the URLLC requirements.
Observation 1: HARQ feedback can be used to discard duplicates for URLLC as it has a false alarm rate < 7.15 x 10-7.
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[bookmark: _Ref505692602]Figure 1: FAR performance for PDCCH with code-block sizes between 16 and 160 bits (from R1-1715494)
2.2 Discard operation for RLC UM mode
Data duplication was introduced in NR to enable increased reliability at low latencies, i.e. for URLLC type services. However, it comes at the cost of increased resource usage (spectrum and UE power). To mitigate this resource usage impact, discarding duplicate information based on RLC acknowledgements was introduced. However during the NR study item phase [4], it was agreed that RLC AM mode is not assumed to be used for URLLC. Discarding duplicates based on RLC acknowledgements therefore does not provide a significant benefit to URLLC. 
Observation 2: To improve URLLC efficiency, enhancements to data duplication performance in RLC UM mode is needed.
To improve URLLC performance, a method of discarding duplicates needs to be defined for RLC UM mode operation. One such mechanism, modelled in Figure 2, is the use of HARQ feedback to discard duplicate information. This has been discussed in [5] where the analysis shows that discarding successfully transmitted duplicate information helps improve resource efficiency as well as latency of URLLC transmissions.
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[bookmark: _Ref505867641]Figure 2: PDCP duplication with HARQ feedback based data-discard
As discussed in Section 2.1, when the HARQ feedback is received, it can be relied upon to be correct and could be used to discard duplicates. A feature of HARQ feedback in NR is that it may not be sent all the time. For example, HARQ feedback may not be sent in the case of configured grants for which a timer is used to discard information from the HARQ process. In such cases when the HARQ feedback is not sent, duplication of data continues unchanged. The choice to send, or to not send HARQ feedback is under the gNB’s control. It is important to note that when no HARQ feedback is sent, the duplication operation is not affected. 
Observation 3: If no HARQ feedback is received from the gNB, duplication operation continues unaffected.
Proposal 1: Duplicates of packets that have been acknowledged by HARQ feedback on one leg can be discarded on the other leg.
Since MAC, RLC and PDCP are sub-layers [6] of NR layer 2, the PDCP sub-layer is aware when an entire PDCP PDU has been acknowledged at MAC. This information can be used by PDCP to discard duplicate information on the other leg. As with the agreement on RLC based discard, MAC and RLC procedures and PDCP discard operation need not be impacted by the HARQ based discard operation.
Proposal 2: Similar to RLC based discard, PDCP can be aware when data has been acknowledged at MAC and discards duplicates based on these acknowledgements.
Proposal 3: HARQ based discard does not impact MAC and RLC procedures and PDCP discard operation.
3 Conclusion
In this contribution, we have taken a closer look at the PDCP data duplication scenario and observe that:
Observation 1: HARQ feedback can be used to discard duplicates for URLLC as it has a false alarm rate < 7.15 x 10-7.
Observation 2: To improve URLLC efficiency, enhancements to data duplication performance in RLC UM mode is needed.
Observation 3: If no HARQ feedback is received from the gNB, duplication operation continues unaffected.
Based on these observations, we propose that:
[bookmark: _Ref489959207]Proposal 1: Duplicates of packets that have been acknowledged by HARQ on one leg can be discarded on the other leg.
Proposal 2: Similar to RLC based discard, PDCP can be aware when data has been acknowledged at MAC and discards duplicates based on these acknowledgements.
Proposal 3: HARQ based discard does not impact MAC and RLC procedures and PDCP discard operation.
4 Text Proposal for 38.323
5.3	SDU discard
When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, or if pdcpDuplication is configured and successful delivery of a PDCP SDU is confirmed by lower layers, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.
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