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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 this contribution, we discuss the left issues for PDCP receive operation improvement.
2 Discussion
2.1 DL PDCP data transfer procedure

Currently, in TS 36.323, there are four types of PDCP receive procedure (excluding the procedure for relay node)

1. Procedures for DRBs mapped on RLC AM when the reordering function is not used
2. Procedures for DRBs mapped on RLC UM
3. Procedures for DRBs mapped on RLC AM and for LWA bearers when the reordering function is used
4. Procedures for SRBs
In the four procedures, only procedure 3 support both re-ordering and duplication detection.

5.1.2.1.4.1
Procedures when a PDCP PDU is received from the lower layers

For DRBs mapped on RLC AM and for LWA bearers, when the reordering function is used, at reception of a PDCP Data PDU from lower layers, the UE shall:

<Text removed>
-
if the PDCP PDU has not been discarded in the above:

-
if a PDCP SDU with the same PDCP SN is stored:
-
discard the PDCP PDU;
<Text removed>
-
if t-Reordering is running:

-
if the PDCP SDU with Reordering_PDCP_RX_COUNT – 1 has been delivered to upper layers:

-
stop and reset t-Reordering;

-
if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above):

-
if there is at least one stored PDCP SDU:

-
start t-Reordering;

-
set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
Observation 1 LTE has already defines PDCP receive operation supporting both re-ordering and duplication detection.

With this procedure in place, the only task is to apply this procedure to the duplicated bearer case, for which the four cases have been agreed, i.e., CA and DC duplication for SRB and UM DRB. One possible concern could be the applicability to RLC UM. However, as discussed in NR PDCP design, companies tend to agree that no fundamental difference between PUSH and PULL window for PDCP operation, as long as the half-SN-space limitation is respected, so the current procedural text should be feasible already.

Proposal 1 Apply PDCP DL operation of “Procedures for DRBs mapped on RLC AM and for LWA bearers when the reordering function is used” defined in TS 36.321 to duplicated LTE bearer(s).
2.2 UL PDCP data transfer procedure

According to the agreement from RAN2 AH#1,

1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  

2. Baseline is that packed duplication is support for data PDUs

3. For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  

4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity

5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  

6. Packet duplication does not impact RLC data volume

7. 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.

8. The deactivated RLC entity is not re-established 

9. 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  
In order for alignment between LTE and NR operation, we suggest to basically copy the agreement to LTE HRLLC as well.

Proposal 2 Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated. Baseline is that packed duplication is support for data PDUs

Proposal 3 For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.    

Proposal 4 After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity

Proposal 5 After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  

Proposal 6 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.

Proposal 7 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.  
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
LTE has already defines PDCP receive operation supporting both re-ordering and duplication detection.


Based on the observations, we propose:
Proposal 1
Apply PDCP DL operation of “Procedures for DRBs mapped on RLC AM and for LWA bearers when the reordering function is used” defined in TS 36.321 to duplicated LTE bearer(s).
Proposal 2
Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated. Baseline is that packed duplication is support for data PDUs
Proposal 3
For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.
Proposal 4
After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity
Proposal 5
After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.
Proposal 6
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.
Proposal 7
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.
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