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Introduction
Packet duplication is being introduced for NR to improve reliability by duplicating a PDCP packets for transmission via two carriers, in DC and CA architecture. According to TS 38.300 v1.0, duplication is described as follows:
[bookmark: _Toc492057088]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. 
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).
In this contribution, we propose to introduce the duplication functionality also for LTE to fulfil the URLLC reliability requirements and discuss its standard impact.
[bookmark: _Ref178064866]Discussion
In multi-connectivity, the UE is connected via multiple carriers to the radio network and covers both CA and DC operation. While focus in 3GPP for LTE had been on throughput aggregation among the carriers, additionally in NR, reliability features such as packet duplication are being introduced for both DC and CA. In this contribution, we discuss how the packet duplication feature can be extended to cover also LTE operation. 
The NR study item and standardization showed thereby that PDCP as mobility anchor protocol and router in DC is the ideal protocol to be extended for packet duplication. This way, duplication functionality in CA and DC could be largely aligned as well. While packet duplication is up to network implementation in the DL, assuming only that duplicate packet discard is available at the PDCP receiver, for the UL side, larger standardization efforts are required for the transmit operation and mapping of duplicates to the respective carriers.
[bookmark: _Toc493776053][bookmark: _Toc493777000][bookmark: _Toc494202080][bookmark: _Toc494202582][bookmark: _Toc494297979][bookmark: _Toc492652917]Introduce LTE packet duplication like in NR (functionality for DL and UL).
[bookmark: _Toc493776054][bookmark: _Toc493777001][bookmark: _Toc494202081][bookmark: _Toc494202583][bookmark: _Toc494297980]Packet duplication in LTE is anchored at PDCP, and supports both CA and DC.
Like in NR, we don’t’ see a strong need to support duplication in CA and DC at the same time.
Furthermore, same as in NR, packet duplication benefits both DRB operation for URLLC support, as well as SRB operation, for reliable control plane, i.e. RRC, operation. Both RLC AM and RLC UM should be supported for DRBs and configured depending on the how tight the latency targets of the traffic are, and depending on whether switching between duplication and retransmission mode is (as in NR with MAC CE’s) is supported. We propose:
[bookmark: _Toc493776055][bookmark: _Toc493777002][bookmark: _Toc494202082][bookmark: _Toc494202584][bookmark: _Toc494297981]Packet duplication is supported for DRB and SRB, RLC AM and UM.
In the following we list the required standard changes in LTE to enable packet duplication like in NR. 
· PDCP transmit procedure to enable duplication in UL
· PDCP reception procedure to enable duplicate discard, for DL duplication, separate procedures for AM, UM and SRB
· Further PDCP functions to handle successful delivery on one RLC leading to discard of the respective SDU on the other RLC (for RLC AM)
· For DC, the split bearer as defined now, would need to be configurable with “duplication operation”
· For CA duplication, a non-split bearer architecture with two associated logical channels would need to be defined 
· For CA, carrier transmission restrictions per logical channel (group) need to be specified to restrict transmission of each logical channel to specific carriers
· For dynamic activation/deactivation of duplication, MAC CE can be defined
· RLF triggering mechanisms need to be reviewed in LTE when duplication operation is employed

Conclusions
Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce LTE packet duplication like in NR (functionality for DL and UL).
Proposal 2	Packet duplication in LTE is anchored at PDCP, and supports both CA and DC.
Proposal 3	Packet duplication is supported for DRB and SRB, RLC AM and UM.

[bookmark: _In-sequence_SDU_delivery]



