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1 Introduction

RAN2#Adhoc 1801 meeting made the following agreements on stage 3 PDCP duplication:

Agreements:

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  

10. When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.

11. If SRB is configured to use duplication, the state is always active

12. FFS Duplication is supported for SRBs for CA 
There are still several remaining issues on further details of PDCP duplication. In this contribution, we would address the issues on the UE behaviour and what PDCP data volume is indicated when duplication is deactivated. The issue on whether the CA duplication is supported for SRB or not will also be discussed.
2 Discussion

2.1 UE Behavior of duplication bearer at deactivation

Upon packet duplication activation, UE behavior of duplication should be PDCP starts to transmit data to the secondary RLC. In last meeting, RAN2 agreed that only PDCP SDUs/PDUs not submitted to lower layers are duplicated, and when to submit PDCP PDUs to lower layers is up to UE implementation. When the packet duplication is deactivated, it is not clear what the UE behaviour is for the duplication bearer Here we focus on the behavior of PDCP procedure. There are two options:

· Option 1: When duplication bearer is deactivated, data is transmitted only on the primary RLC.

· Option 2: When duplication bearer is deactivated, data is transmitted on both primary and secondary RLC but not duplicated.

To select one of the options, we revisited the use case of packet duplication. The motivation of duplication bearer is to enhance reliability without waiting for retransmissions by leveraging frequency diversity, e.g. for URLLC traffic. For these traffic, the throughput is not the major concern. The reason for deactivating duplication for this type of traffic is to avoid resource waste for duplication. In other words, the motivation of duplication deactivation is not to maximize the throughput by aggregating the capacity of the two legs. Therefore, option 1 should be the desired behavior of duplication bearer.

Observation 1: The purpose of duplication bearer is enhancing reliability instead of maximizing throughput. 
Specifically, for packet duplication in DC case, when the duplication is deactivated, the duplication bearer should only use the primary RLC for data submission and setting the threshold as infinity, without releasing the secondary RLC. The gNB can stop scheduling data on the secondary RLC. This behavior should be aligned for both CA and DC duplication case. Therefore, when CA duplication is deactivated, it can be achieved by applying the behavior defined for split bearer with infinity threshold to CA duplication case in PDCP spec.
Proposal 1: When duplication is deactivated, PDCP can reuse NR split bearer procedure and the threshold is infinity, i.e. data can be only submitted to the primary RLC for both CA and DC duplication cases.
According to last RAN2 meeting agreements, it is clear that 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 for DC duplication. And for CA duplication, PDCP data volume is included in the LCG both associated with the primary RLC entity and the secondary RLC entity. 
When duplication is deactivated, the simplest way is that PDCP data volume is reported only in the MAC entity associated with the primary RLC which is still activated and the PDCP reports data volume to zero for the MAC entity associated with the secondary RLC so that no additional BSR is triggered in the MAC entity associated with the secondary RLC. 
In priniple, we believe the PDCP data volume calculation for duplication can reuse some of current proceudre. A TP is provided in the annex.
Proposal 2: The PDCP data volume reports zero to the MAC associated with the secondary RLC entity when duplication is deactivated, and RAN2 is respectfully asked to consider the TP in the Annex.
2.2 CA duplication for SRB
Before the discussion on whether to support CA duplication for SRB, we revisit the purpose of packet duplication for SRB in DC. The main use case is the RRC message diversity transmission in the split bearer. If one link sends the RRC message failure due to the bad link quality, the other link can quickly send the message successfully to improve the RRC message reliability. The DC duplication for SRB can be beneficial in such scenarios. However, the use case to support CA duplication for SRB is not justified. The two-radio links from the same gNB may not provide significant reliability improvement and the reliability for SRB can already be guaranteed by RLC AM.
On the other hand, for CA duplication, the logical channel identity for the duplicated SRB is required, which may cause additional RRC specification work and signaling complexity. Therefore, supporting CA duplication for SRB is not clear for us.
Proposal 3: CA duplication is not supported for SRB.
2.3 Scell failure handling for CA duplication

For CA duplication, if the logical channel restricted to Scell reports to reach the maximum number of retransmission, it implies that this Scell may suffer bad radio condition. In LTE CA principle, the failure of Scell will only trigger the reconfiguration of the Scell, not the RLF. More specifically, for CA duplication, in any RLC failure case where the RLC is associated with only Scell(s), UE could stop transmission on these Scell(s) and transmit an indication (i.e the logical channel ID) to NW without triggering RLF. As in LTE CA, only Pcell failure may lead to RLF triggering. 
Proposal 4: For CA duplication, in any RLC failure case where the RLC is associated with only Scell(s), UE stops transmission on the Scell and transmits an indication to NW without triggering RLF. RLF is triggered only if an RLC involving Pcell fails. 
3 Summary
Based on the above discussions, we recommend RAN2 to discusses the following observations and proposals:

Observation 1: The purpose of duplication bearer is enhancing reliability instead of maximizing throughput. 
Proposal 1: When duplication is deactivated, PDCP can reuse NR split bearer procedure and the threshold is infinity, i.e. data can be only submitted to the primary RLC for both CA and DC duplication cases.
Proposal 2: The PDCP data volume reports zero to the MAC associated with the secondary RLC entity when duplication is deactivated, and RAN2 is respectfully asked to consider the TP in the Annex.
Proposal 3: CA duplication is not supported for SRB.
Proposal 4: For CA duplication, in any RLC failure case where the RLC is associated with only Scell(s), UE stops transmission on the Scell and transmits an indication to NW without triggering RLF. RLF is triggered only if an RLC involving Pcell fails. 
4 Reference

5 Annex

5.6
Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP data volume:

-
the PDCP SDUs for which no PDCP Data PDUs have been constructed;

-
the PDCP Data PDUs that have not been submitted to lower layers;

-
the PDCP Control PDUs;

-
for AM DRBs, the PDCP SDUs to be retransmitted according to subclause 5.1.2;

-
for AM DRBs, the PDCP Data PDUs to be retransmitted according to subclause 5.5.

If the transmitting PDCP entity is associated with two RLC entities, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation (as specified in TS 36.321 [4]), the UE shall:
-
if pdcpDuplication is configured and activated:

   -  indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.

   -  else, if pdcpDuplication is configured but not activated:
      -  indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
      -  indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity.
   -  else,

   -  if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 36.322 [5]) in the two associated RLC entities is less than ul-DataSplitThreshold:

   -
indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
   -
indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity.

   -  else:
   -
indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.
