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1 Introduction
Duplication of data has been introduced in NR as a means of improving the reliability of DC and CA based communications [1] [2]. However, the increased reliability comes at the cost of UE power consumption and spectrum utilisation due to duplication transmissions. In this submission, we take a closer look at the mechanism of data duplication and propose ways to reduce the resource usage impact of data duplication by only duplicating data that would benefit by the increased reliability that duplication provides.
2 Discussion
[bookmark: _Ref489886241]2.1 PDCP duplication with no lower layer interactions
A simple mechanism of data duplication would involve PDCP duplicating all its SDUs to duplicate radio bearers. No further interactions occur down the stack. To the sublayers below PDCP, duplicated data is indistinguishable from non-duplicated data. The only additional configuration that duplication would entail is the logical channel restriction needed by MAC to ensure that duplicate data is sent on different carriers in the Carrier Aggregation case. The stack operation would be as illustrated in Figure 1.
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[bookmark: _Ref484778619]Figure 1: PDCP duplication with no lower layer interactions
As this model of duplication would be the simplest to configure and operate, it should be taken as the baseline assumption for duplication in NR.
Proposal 1: PDCP data duplication without any further enhancements to the sublayers below PDCP is the baseline for NR.
2.2 PDCP duplication with lower layer interactions
A drawback with the mechanism described in Section 2.1 can be seen in the case of asymmetric transmission channels. We define asymmetric channels as duplicate links with different data rates, which could be due to poor channel conditions, congestion at the gNB or differences in the spectrum/channel used. In this case, transmission of data over the slow link is delayed leading to a backlog of data in its buffers as explained. As the delay increases, the likelihood of successful transmission of the same data over the duplicate (fast) link increases with the use of time domain repetitions such as HARQ. 
The eventual transmission of data present in the backlog that has already been successfully transmitted over the fast link provides no benefit and wastes transmission resources. Our accompanying stage 2 contribution [3] models the wasted resources used in the transmission of the backlog on the slow link as below. 


Where,

[bookmark: _GoBack]Based on the analysis above, Figure 2 plots the potential resource savings when transmission take place over two links with different data rates. The asymmetry between the links determine the amount of unnecessary transmissions which could go up to nearly 45% of the resources used for duplication. This analysis assumes ideal transmission conditions (URLLC BLER conditions). If the BLER of a link goes up, the potential resource saving increases.
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[bookmark: _Ref489957804]Figure 2: Resource savings with discarding duplicates of successfully transmitted data
In addition, the unnecessary transmission of data in the backlog pre-empts the transmission of newly arriving data that could benefit from the reliability advantage that duplication provides. This pre-emption delay would not be acceptable for the stringent low-latency criterion specified for URLLC.
Observation 1: Duplicating data at PDCP without taking the underlying channel into account could lead to wasted resources, while not providing the necessary reliability in low-latency scenarios required by URLLC.
To improve the resource efficiency of duplication and to counter the problem of a backlog described above, we explore a duplication design that introduces lower layer interactions. 
2.2.1 Duplicate discard based on HARQ feedback (UM and AM modes)
A HARQ acknowledgement is sent by the NW to inform the UE’s MAC that retransmissions of a transport block are no longer required. Transmitting acknowledged data over the duplicate link provides no additional benefit and could be discarded. MAC would relay HARQ acknowledgements such that PDCP is informed of the successful delivery of data. PDCP could then be configured to use the SDU discard mechanism to discard duplicate data as shown in Figure 3.
Proposal 2: PDCP SDU discard mechanism could be configured to discard duplicate data when successful data delivery has been confirmed by lower layers.
For NR, a downlink physical channel for HARQ such as PHICH in LTE has not been defined. The HARQ feedback for uplink data is expected to be sent on the PDCCH. Data on the PDCCH has typically been validated using a CRC and the probability of misinterpreting a HARQ NACK as an ACK is extremely low. Therefore the integrity of the HARQ feedback can be relied upon, when used with this duplicate discard mechanism. 
Proposal 3: HARQ feedback is used to indicate successful delivery of data to the PDCP.
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[bookmark: _Ref484782221]Figure 3: PDCP duplication with HARQ feedback based data-discard
[bookmark: _Ref489259658]2.2.2 Duplicate discard based on RLC feedback (AM mode only)
Acknowledgements from the receiver side of the AM entity indicate successful data transmission. This information could be leveraged to discard duplicate packets. When configured with AM bearers, PDCP is already informed of the successful delivery of RLC data. The PDCP SDU discard mechanism could be reused here to discard duplicate data on the other link as depicted in Figure 4.
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[bookmark: _Ref489258891]Figure 4: PDCP duplication with RLC feedback based data-discard
In Section 4 below, we provide a text proposal with the impact on the PDCP specification highlighted. The impact of duplicate discard on MAC and RLC are provided in our accompanying contributions. [4][5]
Proposal 4: The text proposal in Section 4 is endorsed for 38.323.
3 Conclusion
In this contribution, we have taken a closer look at the PDCP data duplication scenario and observe that:
Observation 1: Duplicating data at PDCP without taking the underlying channel into account could lead to wasted resources, while not providing the necessary reliability in low-latency scenarios required by URLLC.
Based on this observation, we propose that:
Proposal 1: PDCP data duplication without any further enhancements to the sublayers below PDCP is the baseline for NR.
Proposal 2: PDCP SDU discard mechanism could be configured to discard duplicate data when successful data delivery has been confirmed by lower layers.
Proposal 3: HARQ feedback is used to indicate successful delivery of data to the PDCP.
[bookmark: _Ref489959207]Proposal 4: The text proposal in Section 4 is endorsed for 38.323.
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 uplinkDuplicateDiscard is configured and successful delivery has been confirmed by lower layers, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU(s). If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
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