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1	Introduction
The WID for HRLLC RP-171489 contains the following objective that is purely RAN2 work:
	· On higher layers [RAN2]
· Data duplication. Solution will be based on PDCP duplication discussed in NR WI for LTE-NR Dual Connectivity.



In this contribution, we discuss how to accomplish the objective of PDCP data duplication for LTE.
2	NR PDCP data duplication
While the PDCP data duplication for DRBs in NR is still ongoing, it can currently be characterized as follows (according to the current agreements):
Stage-2 agreements
· Configuration and activation/deactivation: PDCP duplication is configured by RRC for each RB (DRB or SRB). 
· Duplication always has a “primary leg” and “additional leg”, referring to radio paths with separate RLC entity and Logical channels. The additional leg is used for duplicates.
· MAC CE controls the activation/deactivation of duplication per radio bearer. UE can receive MAC CEs received from MCG and SCG. 
· Management of conflicting MAC CEs from MN and SN is left up to UE implementation. 
· Duplication via DC and CA is not supported at the same time (i.e. UE cannot be configured with PDCP duplication via DC for a split bearer so that one leg also uses CA duplication) 
· Carrier Aggregation Aspects
· Logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity 
· When duplication is deactivated, the logical channel to carrier mapping restriction is lifted
· CA packet duplication does not apply to LTE CA of EN-DC (i.e. no joint PDCP duplication between CA and DC operation for EN-DC)
RRC agreements
· PDCP configuration: PDCP duplication can be configured by RRC separately for each bearer
· LCH configuration: Which logical channel is used for duplication leg is based on RRC configuration for CA and DC. 
PDCP agreements
· PDCP duplication is configured per bearer, i.e. each PDCP entity can be explicitly configured with duplication 
RLC agreements
· Bearer types: Both AM and UM bearers support PDCP data duplication.
· RLC retransmissions
· For DC, RLF is triggered based on RLC max number of retransmission reached for single leg.
· For the split bearer (both with and without duplication configured), RLC failure is detected upon reaching maximum ARQ retransmission and RLF is triggered, i.e. SCG RLC failure triggers SCG RLF, and MCG RLC failure triggers MCG RLF
· For CA, RLF is not triggered when reaching the maximum number of retransmission for a PDCP duplicate leg. RLC reports when maximum number of retransmissions is reached via RRC. 
· For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens 
· SN assignment: RLC SNs of each leg are assigned independently (i.e. no coordination of SNs)
· Non-issues: RAN2 assumes that neither out-of-order/duplicated reception of ROHC feedback nor out-of-order/duplicated reception of PDCP status report is an issue to be resolved in RAN2.
MAC agreements
· L1 transmission: The original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
· Involved MAC entities: Only a single MAC entity is used for CA. For DC, there are two MAC entities (as usual with DC). 
· Logical channel handling
· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.
· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions).
· BSR/SR triggering
· The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission, no enhancements are needed
· Activation/deactivation of duplication
· For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
· UE falls back to non-duplicated bearer operation at deactivation of DRB duplication via MAC CE (for DC, this means regular split bearer operation and for CA, this means regular non-split bearer operation)
As per the WID mandate, we think that RAN2 should attempt to start from the NR agreements as the baseline and work onwards to see how they fit LTE protocols.
Proposal 1: PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
3	LTE PDCP data duplication
3.1	Stage-2 impacts
First, looking at the objective of the WID, we note that the scope is limited only for DRBs, not for SRBs, i.e. the WID doesn’t cover SRB duplication.
Observation 1: The LTE PDCP duplication is only for DBRs, not for SRBs.
The other basic question to answer is whether both CA and DC are in scope of the WID. Since the objective states that EN-DC is used as the baseline, we conclude that at least DC-based PDCP duplication via split bearer is supported. However, it seems reasonable to also consider CA-based duplication, since the NR WID is considering both CA and DC.
Proposal 2: RAN2 works on PDCP data duplication for both CA and DC.
On bearer types for PDCP duplication both AM and UM bearers are supported. However, given that LTE DC doesn’t support UM bearers, it seems that for LTE the PDCP duplication can only be supported for AM bearers with DC.
Proposal 3a: UM and AM bearers are supported for PDCP duplication via CA. 
Proposal 3b: Only AM bearer is supported for PDCP duplication via DC.
3.2	PDCP impacts
For EN-DC, it has been assumed that NR PDCP is used for the PDCP duplication. However, obviously that cannot be assumed for LTE case, so LTE PDCP may require some modifications due to PDCP data duplication.
Observation 2: LTE PDCP may need modifications due to PDCP duplication functionality.
Obviously, since the duplication may cause issues with out of sequence delivery from two RLC entities to PDCP (since two RLC entities may deliver the same packets), reordering, duplication detection and in-order delivery at PDCP should be enabled when duplication is enabled. Whether something else is required apart from existing duplicate detection mechanism based on the PDCP window is FFS.
Proposal 4: PDCP enables reordering and duplication detection when PDCP duplication is configured.
3.3	RLC impacts
The basic agreements on RLC impacts concern the RLF triggering due to maximum number of RLC retransmissions being reached: Since duplication is used fir diversity when one transmission leg is assumed to be less stable, lot of retransmissions may occur, which could trigger RLF or S-RLF. We propose to use the same assumptions as in NR, i.e. for DC, S-RLF and RLF are triggered normally, but for CA, the additional leg RLC retransmissions do not trigger RLF but just an RRC notification. However, to unify both options, it would be simplest to just configure per RLC entity whether the maximum number of RLC retransmissions triggers RLF or not.
Proposal 5: RLC configuration indicates which leg is the duplication leg and for that  LCH when reaching maximum number of RLC retransmissions it does not trigger re-establishment.
3.4	MAC impacts
The basic agreements for MAC deal with logical channel assignment and activation of the PDCP duplication: In NR, it has been agreed that MAC CE (with a bitmap indicating the applicable DRBs) is used for activating or deactivating the PDCP duplication. Same approach should be used for LTE.
Proposal 6: MAC CE is used for activation and deactivation of PDCP duplication for each DRB configured with duplication.
Some modifications to LCP seem also needed due to the duplication restrictions, especially for CA case (since it is within the same MAC entity).
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3.5	RRC impacts
The RRC impacts for LTE are rather straightforward: Configuration has to enable the duplication. The RLC impacts due to RLF/S-RLF triggering may also necessitate some changes to the procedures for SCG failure reporting as well as triggering of re-establishment, but those can be handled once the work progresses on the UP details.
Proposal 8: PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started.
Proposal 9: The logical channels used for duplication leg are configured by RRC for both CA and DC within LogicalChannelConfiguration.
Proposal 10: LCH to carriers/cells restriction is configured for CA duplication.
4	Conclusions
We have observed the following:
Observation 1: The LTE PDCP duplication is only for DBRs, not for SRBs.
Observation 2: LTE PDCP may need modifications due to PDCP duplication functionality.
We have proposed the following:
 Proposal 1: PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
Proposal 2: RAN2 works on PDCP data duplication for both CA and DC.
Proposal 3a: UM and AM bearers are supported for PDCP duplication via CA. 
Proposal 3b: Only AM bearer is supported for PDCP duplication via DC.
Proposal 4: PDCP enables reordering and duplication detection when PDCP duplication is configured.
Proposal 5: RLC configuration indicates which leg is the duplication leg and for that  LCH when reaching maximum number of RLC retransmissions it does not trigger re-establishment.
Proposal 6: MAC CE is used for activation and deactivation of PDCP duplication for each DRB configured with duplication.
Proposal 7: LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication DRB and the restriction is lifted when duplication is deactivated.
Proposal 8: PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started.
Proposal 9: The logical channels used for duplication leg are configured by RRC for both CA and DC within LogicalChannelConfiguration.
Proposal 10: LCH to carriers/cells restriction is configured for CA duplication.

