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1
Introduction
The Study on NR Industrial Internet of Things as agreed in [1] comprises the following objective to be addressed: 

“Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.”
Potential enhancements for supporting resource-efficient PDCP duplication were discussed at RAN3#101bis, where it was concluded that further details of the enhancements should be provided next. In this paper we further discuss the enhancement introduced in [2], attempting to clarify the problem(s) which it tackles, the benefits it brings, as well as its RAN3 impact.
2
Discussion
In [2] it was observed how the PDCP duplication scheme in Rel-15 is an effective approach to achieve the tight targets of URLLC (i.e. 1 ms latency or below at the 5-nine reliability, 99.999%). However, it seems beneficial to study whether further enhancements could achieve improved resource efficiency according to the related objective in NR IIoT SI [1]. [3] clarifies three key areas of enhancements towards: 

a)
Reducing the number of unnecessary duplicates;

b)
Reducing the impact of duplication on other traffic in the queue, and

c)
Reducing the reaction time of gNB if the DL duplicated PDCP PDU(s) can be discarded.

As an effective mean to realize efficiency according to the direction (a) above, we proposed in [2] that a duplicate packet is held back at the secondary node until further indication is received from the master node, which is related to the status of the other copy of the packet (i.e. received or not received by the UE), whereupon the duplicate is either discarded or immediately transmitted. In fact, as discussed in [3], we can assume that the BLER target for first transmissions of URLLC applications will be set rather tight, and as low as 1% to boost the likelihood of success of individual transmissions (see for instance [4]). As a consequence, 99% of the duplicate transmissions on average will be redundant in typical scenarios, requiring a great deal of signaling to enable in-network packet discarding. In some cases, due to the practical limitations (e.g. too slow signalling delays), the discarding indications may not be received in time, i.e. before an unnecessary duplicate is transmitted, leading to large resource inefficiency especially in the low loaded scenarios. It should be observed also that the transmission failures which will affect the remaining 1% of the transmissions on average, cannot be easily predicted as failure can occur irrespective of the used MCS, e.g. based on the fluctuations of the interference level. 
Thus, in this example, the proposed strategy of timely duplicating a packet only upon the failure state of the other copy becoming known, leads to reduction of up to 99% of the duplicate transmissions, and therefore to large resource efficiency. When such selective duplication is triggered, the HARQ retransmission will be sent by the master node as well as the duplicate packet will be sent from the secondary RLC entity to boost the likelihood of success. If more than one secondary RLC entity was available (based on the objective of the NR IIoT SI to study PDCP duplication with more than 2 copies at a time [1]), selective duplication could be triggered on multiple secondary RLC entities.
In [3], it is explained that to exploit such enhancement, obviously the overall delay budget associated to the packet should allow for at least one HARQ retransmission and, therefore, it is applicable to the URLLC scenarios with 1 ms latency budget assuming that short TTI is employed. Specifically, Table 8 in [5] reveals that for UE processing capability 2 (URLLC), the downlink user plane latency with 1 retransmission is 0.866 ms, under the assumptions of 2-symbol slot scheduling and 30 kHz SCS. 
Proposal 1: Indicating the need to hold back a duplicate packet at a node and, conversely, indicating the need to timely transmit a duplicate packet is beneficial in URLLC scenarios, to drastically reduce the amount of unnecessary duplicate transmissions and/or associated signalling for network discarding.
Therefore, the current network signalling framework should be extended to convey over the Xn interface the required additional information including means to indicate to hold back a duplicate packet at a node and, conversely, to indicate the need to timely transmit a duplicate packet. 
Firstly, in order to be suitable to different scenarios the indications could be applied on a per DRB basis, on a group of consecutive packets or down to a per packet basis. Depending on the granularity, different signalling could be used. For example, Xn-C-based DC setup/reconfiguration signaling could be suitable to configure the operations of holding the packets of the DRB until further notice is received. Then Xn-U-based signalling could be used for overwriting the indication on a per packet basis. As an example, the indication of holding back a packet could be provided alongside with the packet itself. In any case, the indications to hold back a duplicate packet and timely transmit a packet require the possibility to identify the targeted packet(s). 

Proposal 2: The indications to hold back a duplicate packet and timely transmit it should be enabled on a per packet basis, on a per set of consecutive packets, and on a per DRB basis.

Proposal 3: The indication to hold back duplicate packets of a DRB until further indication can be conveyed as part of Xn-C configuration of DC setup/reconfiguration.

Proposal 4: The indications to hold back a duplicate packet and to timely transmit it need to be able to identify the corresponding packet through its identifier (i.e. PDCP PDU SN). 

In order to reduce the required Xn based signalling, the indication to discard a packet held (i.e. buffered) at a node could be implicit, based on the expiration of a discard timer accounting for the delay budget, whereas the signalling of timely transmission should be provided explicitly.

Proposal 5: The indication to discard a packet which is held back at a node can be implicit, e.g. based on a discard timer.
Proposal 6: The indication to timely transmit a packet should be provided explicitly.  

Proposal 7: RAN3 to discuss and capture the TP in the SI TR.
3
Conclusions
In this paper we have discussed the resource efficiency challenges of packet duplication and proposed potential enhancements for the downlink. Accordingly, we have made the following conclusions and observations:

Proposal 1: Indicating the need to hold back a duplicate packet at a node and, conversely, indicating the need to timely transmit a duplicate packet is beneficial in URLLC scenarios, to drastically reduce the amount of unnecessary duplicate transmissions and/or associated signalling for network discarding.

Proposal 2: The indications to hold back a duplicate packet and timely transmit it should be enabled on a per packet basis, on a per set of consecutive packets, and on a per DRB basis.

Proposal 3: The indication to hold back duplicate packets of a DRB until further indication can be conveyed as part of Xn-C configuration of DC setup/reconfiguration.

Proposal 4: The indications to hold back a duplicate packet and to timely transmit it need to be able to identify the corresponding packet through its identifier (i.e. PDCP PDU SN). 

Proposal 5: The indication to discard a packet which is held back at a node can be implicit, e.g. based on a discard timer.

Proposal 6: The indication to timely transmit a packet should be provided explicitly.  

Proposal 7: RAN3 to discuss and capture the TP in the SI TR.
For proposal 7, the TP for TR 38.825 is provided in the appendix.
References

[1] RP-182090, Revised SID: Study on NR Industrial Internet of Things (IoT), Nokia, Nokia Shanghai Bell 
[2] R3-185547, Resource Efficient PDCP Duplication, Nokia, Nokia Shanghai Bell, October 2018

[3] R2-1817582, Resource Efficient PDCP Duplication, Nokia, Nokia Shanghai Bell, November 2018

[4] G. Pocovi et al., Joint Link Adaptation and Scheduling for 5G Ultra-Reliable Low-Latency Communications, IEEE Access, May 2018
[5] R1-1808449, IMT-2020 self-evaluation: UP latency analysis for FDD and dynamic TDD with UE processing capability 2 (URLLC), Nokia, Nokia Shanghai Bell, August 2018
Appendix:
Text Proposal for TR 38.825
Start of Text Proposal
4.2
Enhancements to PDCP duplication

4.2.1
Protocol aspects

Editor’s note: RAN2 responsibility

4.2.2
Radio access network aspects

Editor’s note: RAN3 responsibility
4.2.x
Solution #1: Selective duplication upon transmission failure (Downlink)
4.2.x.1
Problem statement

It can be assumed that the BLER target for first transmissions of URLLC applications will be set rather tight, and as low as 1% to boost the likelihood of success of individual transmissions. As a consequence, 99% of the duplicate transmissions on average will be redundant in typical scenarios, requiring a great deal of signaling to enable in-network packet discarding. In some cases, due to the practical limitations (e.g. too slow signalling delays), the discarding indications may not be received in time, i.e. before an unnecessary duplicate is transmitted, leading to large resource inefficiency especially in the low loaded scenarios. It is observed also that the transmission failures which will affect the remaining 1% of the transmissions on average, cannot be easily predicted as failure can occur irrespective of the used MCS, e.g. based on the fluctuations of the interference level. 

4.2.x.2
Solution description

A duplicate packet is transferred over Xn interface but held (i.e. buffered) at the secondary node until further indication is received e.g. from the master node, which is related to the status of the other copy of the packet (i.e. received or not received by the UE), whereupon the duplicate is timely processed, being either discarded or immediately transmitted. This is referred to as selective duplication upon transmission failure.

Upon transmission failure, the corresponding HARQ retransmission  will be sent by the master node and, additionally, a duplicate packet will be sent by the secondary RLC entity, triggered by an explicit indication, to boost the likelihood of success. If more than one secondary RLC entity was available, selective duplication could be triggered on multiple secondary RLC entities.
4.2.x.3
Evaluation (benefits and limitations)

The solution of timely processing a duplicated packet only upon the failure state of the other copy becoming known, leads to reduction of up to 99% of the duplicate transmissions on average (under the assumption of 1% actual BLER). Therefore, it results in large resource efficiency of PDCP duplication.

To exploit such enhancement, the overall delay budget associated to the packet should allow for at least one HARQ retransmission and, therefore, it is applicable to the URLLC scenarios with 1 ms latency budget assuming that short TTI is employed. Specifically, this enhancement is feasible for UE processing capability 2 (URLLC), for which the downlink user plane latency with 1 retransmission is 0.866 ms (under the assumptions of 2-symbol slot scheduling and 30 kHz SCS). 
