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1 Introduction
In this contribution packet duplication in LTE is discussed. 
2 Discussion
2.1 Agreements

In RAN2#99bis the following agreements were made for packet duplication:

Agreements:

1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.

2
RAN2 works on PDCP data duplication for both CA and DC.

3a
At least UM bearers are supported for PDCP duplication via CA.

4
PDCP enables reordering and duplication detection when PDCP duplication is configured.

6
MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.

7
For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.

8
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

9
LCH to carriers/cells restriction is configured for CA duplication.

2.2 PDCP duplication for AM operation
URLLC use-cases have very strict requirements on latency (1ms) and reliability (10^-5). In order to meet these requirements packet duplication can be used to increase reliability. However, the duplication will not always be activated, only when needed. In other cases, HARQ and ARQ retransmission schemes already provide the required reliability requirements. For dynamic activation and deactivation of packet duplication MAC CE will be used.
Services with requirements of 10ms + 10^-5 can most likely not fulfil the reliability requirement if packet duplication is deactivated and RLC UM is used. For these kind of services where the reliability target is the main target, RLC AM need to be used. The RLC AM RTT could be configured to be lower than 10ms for sTTI, i.e. status reporting could happen more frequently. 
The RTT for 2os TTI are:
2os (n+4): HARQ RTT 1.14ms
2os (n+6): HARQ RTT 1.71ms

That means that there would be enough time to perform an RLC retransmission after two-three HARQ retransmissions and still meet the target of 10ms latency. There may also be applications which are only ultra-reliable and which do not have the strict latency requirements. For those applications RLC AM with packet duplication is a good option.
DRB bearer split exists already for RLC AM in PDCP for DC and in DL the duplicate discarding is already supported. Therefore, support can be added with small effort for packet duplication in UL as well. 
Proposal 1: Support RLC AM for packet duplication via DC.

Proposal 2: Support RLC AM for packet duplication via CA.

SRBs are carrying the RRC signalling like e.g. handover commands. Packet duplication would be beneficial to improve the robustness e.g. for handovers.
Proposal 3: Support packet duplication for SRBs via CA.
Proposal 4: Support packet duplication for SRBs via DC.

2.3 PDCP duplication for UM operation in DC

For LWA, which may be seen as dual connectivity between LTE and WLAN, there is already support for RLC UM. It was added as a TEI with small impact to the specifications, see [2].
For services targeting the 1ms latency requirement, it is beneficial to support packet duplication for UM via DC for URLLC to be able to achieve the low latency requirements and still have good reliability. Services with 1ms latency requirement will not be able to use RLC AM. As it can be added with only minor impacts to the specifications it is proposed to support RLC UM for packet duplication via DC. 
Proposal 5: Support RLC UM for packet duplication via DC.
2.4 PDCP impacts

For EN-DC it is assumed that NR PDCP is used for the PDCP duplication. For packet duplication in LTE, either updates to LTE PDCP are needed or NR PDCP is used in LTE when packet duplication is used. The latter may be more difficult as it would require switching between LTE PDCP and NR PDCP when packet duplication is activation and deactivated. It is therefore assumed that LTE PDCP is updated to support packet duplication. Some impacts foreseen are:
· For DC duplication: current split bearers can be configured with “duplication operation”.

· For CA duplication: new non-split bearer operation, where two RLC entities are associated with one PDCP. 

· PDCP functions to handle successful delivery of one RLC leading to discard of the respective SDU on the other RLC for RLC AM. 

Proposal 6: Make necessary updates to LTE PDCP to support packet duplication. 
Currently in LTE the packets are always delivered in sequence from RLC to PDCP. That means that RLC will wait for one packet before delivering to PDCP even if later packets have already been received and one packet might delay a whole sequence of packets. For packet duplication that is not the desired behaviour due to latency reasons and also because the duplicate packet might already have been received by PDCP and the RLC entity might wait for something that is not needed. Therefore, it is proposed to support out-of-order delivery from RLC to PDCP. It needs to be configurable whether it should be used in order not to impact legacy. 
Proposal 7: Support out-of-order delivery from RLC to PDCP by configuration.

When out-of-order delivery is allowed from RLC to PDCP, PDCP needs to perform reordering. 

Proposal 8: Support PDCP reordering.

2.5 RLC impacts

One concern regarding RLC is when RLF should be triggered. It may happen that one of the legs is less stable and have lots of retransmissions, whereas the other leg is stable. For LTE today RLF is triggered only if the MCG-leg has problems and the same behaviour can be applied for packet duplication as well.
Proposal 9: For packet duplication via DC, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
In NR for CA, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF. Similar behaviour could also be achieved via configuration by configuring a high number of RLC retransmissions for RLF and effectively disabling RLF for the additional leg, but with the drawback that lots of retransmissions are generated. The simplest approach is to have the same behaviour for both DC and CA. 
Proposal 10: For packet duplication via CA, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
3 Summary
RAN2 is kindly asked to discuss the following proposals:
Proposal 1: Support RLC AM for packet duplication via DC.

Proposal 2: Support RLC AM for packet duplication via CA.

Proposal 3: Support packet duplication for SRBs via CA.
Proposal 4: Support packet duplication for SRBs via DC.

Proposal 5: Support RLC UM for packet duplication via DC.
Proposal 6: Make necessary updates to LTE PDCP to support packet duplication.
Proposal 7: Support out-of-order delivery from RLC to PDCP by configuration.
Proposal 8: Support PDCP reordering.  
Proposal 9: For packet duplication via DC, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
Proposal 10: For packet duplication via CA, meeting the maximum number of RLC retransmissions for the additional leg does not trigger RLF.
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