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1 Introduction
In RAN2#AH1, the following agreement was reached:
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 RAN2#97 it was agreed to have a common PDCP-based data duplication mechanism for CA and DC deployment scenarios. In this document we take a closer look at the resource efficiency of PDCP-based data duplication. We explore a duplication scheme that includes feedback from below PDCP to help improve performance.
2 Uplink PDCP duplication
UE behaviour to support packet duplication on the UL needs to be specified. In the simplest scheme, PDCP would always generate two copies of each PDCP PDU, and the lower sublayers would be unaware as to whether duplication is ongoing or not. This mechanism of duplication is simple to both configure and operate.
Observation 1: Packet duplication can be achieved by duplicating all PDCP PDUs and without any changes to the lower sublayers (RLC/MAC).
Whilst simple, the resource efficiency of duplication diminishes as channel conditions improve or if HARQ is used [1]. Since PDCP is not designed to take the underlying channel into account, there might be considerable wastage of radio resources. For example, if duplication takes place over two links with different data rates, data would be transmitted earlier over the fast link. Once data has been successfully transmitted over the fast link, the further transmission of remaining duplicate data on the slow link is unnecessary. Assuming very low BLER for URLLC, the resources used by this unnecessary transmission can be modelled as below:


Where,

If the data-rate difference between the duplicate links is 20%, the resources wasted in transmitting successfully transmitted data from the fast link over the slow link amounts to 10% of the total data transmission. Discarding this data from the slow link will provide significant resource savings as shown in Figure 1. In case BLER on the links are higher than URLLC levels, further savings are possible. In addition, discarding successfully transmitted duplicates frees up the slow link to transmit duplicate data that hasn’t yet been acknowledged. This way the advantage of increased reliability at low latencies that duplication provides, is applied to the data that require it.
Proposal 1: For UL data duplication, lower layer enhancements should be considered to prevent unnecessary duplication.
Successful data transmission could be determined from lower layer feedback. In our accompanying stage 3 contribution [2], we propose the usage of MAC and RLC feedback to discard duplicate data and define the mechanisms needed to do so. From a UE’s perspective, close coordination between the PDCP, RLC and MAC entities of the two links would be needed to enable the discard of duplicate data. For this reason, we prefer that the ability to discard duplicate data be indicated to the gNB as part of its capability.
Proposal 2: The UE indicates its support of duplicate data discard as part of UE capability.
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[bookmark: _Ref490060648]Figure 1: Resource savings with discarding successfully transmitted duplicate data
3 Conclusion
In this contribution, we have taken a closer look at the PDCP data duplication scenario and observe that: 
Observation 1: Packet duplication can be achieved by duplicating all PDCP PDUs and without any changes to the lower sublayers (RLC/MAC).
In addition, we propose:
Proposal 1: For UL data duplication, lower layer enhancements should be considered to prevent unnecessary duplication.
Proposal 2: The UE indicates its support of duplicate data discard as part of UE capability.
4 Text proposal for 38.300
6.4.2	Duplication
When duplication is configured for a radio bearer by RRC, an additional RLC entity and an additional logical channel are added to the radio bearer to handle the duplicated PDCP PDUs. Duplication at PDCP therefore consists in sending the same PDCP PDUs twice: once on the original RLC entity and a second time on the additional RLC entity. When doing so, the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same carrier. The two different logical channels can either belong to the same MAC entity (CA) or to different ones (DC). In the former case, logical channel mapping restrictions are used in MAC to ensure that the logical channel carrying the original PDCP PDUs and logical channel carrying the corresponding duplicates are not sent on the same carrier. Duplicate PDCP PDUs in the PDCP entity, or sent to an RLC entity, could be discarded based on feedback from the sublayers of the other corresponding RLC entity.
Once configured, duplication can be activated and de-activated per DRB by means of a MAC control element:
-	In CA, when duplication is de-activated, the logical channel mapping restrictions are lifted;
-	In DC, the UE applies the MAC CE commands regardless of their origin (MCG or SCG).
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