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1 Introduction

In RAN2#99bis, it was agreed that

Agreements:
3a
At least UM bearers are supported for PDCP duplication via CA.
4
PDCP enables reordering and duplication detection when PDCP duplication is configured.
In RAN2#100, it was agreed that

1
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

2
Support RLC UM for packet duplication via DC.

3
Apply LTE PDCP to support packet duplication. FFS the necessary changes.

4
Support PDCP reordering for duplication case

In RAN2#101, it was agreed that

4
The same PDCP mechanism for “Data volume calculation” can be used for both CA and DC duplication.
5
For DC case, when PDCP duplication is activated, all PDCP data is reported to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the second RLC entity.
6
For CA case, when PDCP duplication is activated, all PDCP data is reported to the MAC entity which is the same as agreed in NR session.
7
For CA case, when PDCP duplication is configured but not activated, all PDCP data is reported only to the MAC entity associated with the primary RLC entity.

1
The UE shall discard packets that have been acknowledged by RLC in the other RLC leg. PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU. RLC procedures and PDCP discard procedures are not impacted by this agreement.

2
For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity.

Agreements:
1
 At PDCP re-establishment, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
2
 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
In this contribution, we discuss the left issues for PDCP duplication operation.
2 Discussion
2.1 Issue-1: PDCP data volume modelling
According to the agreement from RAN2 AH#1 in NR UP session
1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  

In RAN2#101 for NR UP session, it was agreed that

=>
The duplication is done at the time of submission.  When to submit the PDCP PDU is up to UE implementation.  The PDCP modelling assumes that the submission to different RLC entity is done at the same time and a single PDCP data volume
Considering in RAN2#101 for LTE URLLC session, it was agreed that

1
The PDCP entity transmits duplicated PDCP PDU only when requested by lower layers, as in LTE
Rigorously, there should be two PDCP data volume for the two duplicated logical channel, to cover the case that for a same PDCP SDU

· One copy (A) has been sent to one logical channel (I) since it is requested by lower layer

· The other copy (B) has not been sent to the other logical channel (II) since it is not yet requested by lower layers;
However, we do not see that motivates the change of PDCP data volume. One can still keep the single PDCP data volume, and assume that the volume of copy B is calculated in the RLC data volume of logical channel II, i.e., PDCP entity submits the duplicated PDCP PDU to both RLC entities when requested by one of RLC entities (even if not requested by the other RLC entity).
Proposal 1 Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  
Proposal 2 Keep the single PDCP data volume modeling in LTE PDCP.

2.2 Issue-2: Duplication of Control PDU

On the one hand, we do not see essential problem to duplicate control PDU either, since

· For ROHC feedback: sequence number is included as in the ROHC feedback for all ROHC profiles supported by LTE PDCP;

· For status report: it is only triggered by PDCP re-establishment / data recovery procedure, which would not cause ambiguity to the receiver side;

However, according to the agreement from RAN2 AH#1 for NR UP session
2. Baseline is that packed duplication is support for data PDUs

In RAN2#101, it was agreed that

=>
The PDCP Control PDU is submitted to the primary RLC entity (i.e. control PDUs are not duplicated).   Remove FFS from “indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the secondary RLC entity”

I.e., NR UP has agreed to differentiate data and control PDU for duplication. We slightly prefer to align with NR:

Proposal 3 The PDCP Control PDU is submitted to the primary RLC entity (i.e. control PDUs are not duplicated).
2.3 Issue-3: Duplication impact on data recovery
In RAN2#101, it was agreed that

Agreements:
1
 At PDCP re-establishment, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
2
 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
It helps extending the mobility and bearer type change procedure to be duplication-capable, i.e., CA/DC duplication (de)configuration can be done together with mobility and bearer type change in one step.

· Mobility procedure: handover, SCG change;

· Bearer type change: MCG bearer to/from SCG bearer, and MCG bearer to/from Split bearer;

During these procedures, if PDCP is to be re-established, RLC would be re-established as well, i.e., the buffered data in RLC entity would be cleared. However, it is not the case for PDCP data recovery. E.g., f
1> For bearer type change from Split bearer to MCG bearer – assume that this is for RLC AM DRB, and CA duplication is to be configured after the change, so the associated RLC entity would change from “MCG RLC A and SCG RLC B” for the split bearer, to “MCG RLC A and MCG RLC C” for the MCG bearer;
2> Or for SN change, where the DC duplication is kept before UE switches from SN1 to SN2, while the MN (and thus its associated RLC entity) is kept, so the associated RLC entity would change from “MCG RLC A and SCG RLC B” for the split bearer, to “MCG RLC A and MCG RLC C” for the split bearer;

Therefore, the PDCP PDU re-transmission is not needed for the MCG RLC A, and thus we suggest refining the agreement, considering the case that the RLC entity is not impacted.

Proposal 4 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are only submitted to (re)established RLC entities, if PDCP duplication is activated before data recovery. 
2.4 Issue-4: duplication of SRB4

One issue left is whether one would like to enable PDCP duplication for SRB4. SRB4 is for RRC messages which include application layer measurement reporting information, which does not need to benefit from URLLC-oriented features like PDCP duplication. Considering the overhead due to PDCP duplication, i.e., the consumed resource and LCID space, it is not preferred to abuse the PDCP duplication.

Proposal 5 Do not apply PDCP duplication to SRB4.

3 Conclusion
Based on the discussion in section 2, we propose:
Proposal 1
Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.
Proposal 2
Keep the single PDCP data volume modeling in LTE PDCP.
Proposal 3
The PDCP Control PDU is submitted to the primary RLC entity (i.e. control PDUs are not duplicated).
Proposal 4
At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are only submitted to (re)established RLC entities, if PDCP duplication is activated before data recovery.
Proposal 5
Do not apply PDCP duplication to SRB4.
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