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1 Introduction

RAN2 agreed that the UE should take into account the PDCP data volume and RLC pre-processed data for UL split bearer. However, there may be a remaining discussion point to PDCP duplication on the secondary RLC.
Agreements

1. For split bearers, instead of ul-DataSplitDRB-ViaSCG, use generic name primaryPath to indicate the preferred RLC entity.   The RLC entities can be in the same cell group or different cell groups. A RLC type IE is not needed.  The presence of the IE primaryPath is sufficient.  

2. For split bearers, call the MAC entity as “MAC entity associated with primary/secondary RLC”.

3. For split bearers, use infinity value of ul-DataSplitThreshold to realize UL path restriction.
After RAN2#AH 1801 meeting, the activation/deactivation for packet duplication have following agreements:

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.

In the agreements above, this contribution discusses further details on UE behaviour upon activation or deactivation of packet duplication. 
2 Discussion

2.1 PDCP duplication operation for deactivation case 
Data duplication is supported at the PDCP entity for high reliability URLLC service. The gNB as a primary or secondary base station based on a network controlled, if a data amount of a primary PDCP data volume to be transmitted to the primary gNB exceeds a threshold, the UE may generate a PDCP duplication PDU that is the same as the primary PDCP PDU.

In the current TS 38.323, UL split bearer are specified as follows:
When submitting a PDCP Data PDU to lower layer, the transmitting PDCP entity shall:

-
if the transmitting PDCP entity is associated with one RLC entity:

-
submit the PDCP Data PDU to the associated RLC entity;

-
else, if the transmitting PDCP entity is associated with two RLC entities:

-
if pdcpDuplication is configured and activated: 
-
duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;

-
else, if pdcpDuplication is configured but not activated: 
-
submit the PDCP Data PDU to the primary 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 

-
submit the PDCP Data PDU to the primary RLC entity;

-
else:

-
submit the PDCP Data PDU to either the primary RLC entity or the secondary RLC entity
However, there is an issue with PDCP deactivation that it does not specify the transmit operation. When the PDCP duplication is deactivated, the UE will falls back to the legacy split bearer behaviour. A legacy uplink split bearer has two configuration IEs (e.g. ul-DataSplitThreshold and primaryPath). We think that UE should follow legacy uplink split bearer, and removes one copy of the duplicated packets to the primary gNB regardless whether the high reliability of data transmission or not. For the main reason, avoiding reception time differences among the duplicate transmission leg, as well as reduce the queuing times for subsequent PDUs to be submitted to low layer. When the discard timer is expiry, the primary gNB will discards one copy of the duplicated packets even if the UE keeps it in buffer from low layer. 

We draw a flow chart for the transmit operation for PDCP associated with more than legs under different conditions as in the following:
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By the above flow chart, we observe that PDCP data duplication deactivated function of UE behaviour. 
First, UE is executed to process a deactivated function from the gNB. The deactivated function comprises a data duplication initiation threshold and a data duplication cease threshold. The UE determine a processing transmission data parameter within a buffer time period, and then to check whether the processing transmission data parameter exceeds the data duplication initiation threshold.

Next, for UE pre-processing issue, if the UE determines that the pre-processing transmission data parameter does not exceed the data duplication initiation threshold, it is executed to not initiate the data duplication transmission procedure. On the other hand, if the UE determines that the pre-processing transmission data parameter exceeds the data duplication initiation threshold, and then UE determine whether the pre-processing transmission data parameter exceeds the data duplication cease threshold.

If the UE determines that the pre-processing transmission data parameter does not exceed the data duplication cease threshold, UE initiate a data duplication transmission procedure. The data duplication transmission procedure includes: transmitting at least one main datum to the primary gNB directly. On the other hand, if the UE determines that the pre-processing transmission data parameter exceeds the data duplication cease threshold, it will not initiate the data duplication transmission procedure by the UE.
Proposal 1: For the conditions for deactivated function to the primary gNB, another path that pre-processing transmission data parameter would not initiate the data duplication.

Furthermore, network resources of a primary leg used for data transmission with the UE are limited. If the UE forwards the copy of the duplicated packets to the primary gNB when the UE is transmitting the PDCP PDU to the primary gNB, the operation loading of the primary gNB will be closely affected. In other words, when the amount of the PDCP data from the secondary gNB to be pre-processed increases, the loading of the primary gNB increases remarkably, which in turn influences the overall processing efficiency of the network data.

Proposal 2: For deactivation case, UE removes one copy of the duplicated packets before primary gNB operates the discard function.

2.2 PDCP duplication on re-established RLC
The complete PDCP PDUs can be delivered out-of-order from RLC to PDCP according to recent RAN2 agreement. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled and also agreed that PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed. Further issue, the PDCP PDU and one copy of the duplicated packets are sorted in an out-of-order time period. The overlapping rate in data transmission can be reduced, which has benefit to improve the utilization ratio of network resources.

In detail, PDCP duplication operation is regarding PDCP data volume indication for split DRBs. The current NR RRC message is to configure the split bearer and comprises a data duplication threshold. Within pre-processing time period, the UE parses a low layer reporting, and determines whether the PDCP data volume exceeds the data duplication threshold. If the UE determines that the PDCP data volume does not exceed the data duplication threshold and PDCP duplication is activated by upper layers, the UE initiates a PDCP duplication operation; if the PDCP data volume exceed the data duplication threshold or PDCP duplication is not activated by upper layers, UE is pending one copy of the duplicated packets to the configured within RLC entity.
As example, for URLLC data having a smaller data amount and paying more attention to data priority, the PDCP entity pre-processes the URLLC PDCP PDU before having scheduled one copy of the duplicated packets. The UE could first parses a plurality of data transmission start time points and a plurality of data transmission end time points of the PDCP PDU and one copy of the duplicated packets, and then UE processes the PDCP PDU in a certain order. The resulting drawback is that one copy of the duplicated packets need to be discarded at URLLC service timeout case, so that the primary PDCP must be aware deactivation of the PDCP duplication based on low layer reporting.
Observation 1: As the uplink split is configurable threshold based, the PDCP entity must be aware deactivation of the PDCP duplication based on low layer reporting.
Similarly, the UE receives an NR RRC message from the primary gNB. The NR RRC message comprises primaryPath and ul-DataSplitThreshold.  The PDCP duplication operation can submit primary and secondary PDCP PDUs before the data available for transmission (under-transmission data) in lower layers. 
Upon PDCP duplication deactivation, the BSR reporting is also an under-transmission data amount accumulated within pre-processing time period to avoid unnecessary PDCP duplication, which is especially important for scheduling small amount of high priority data, which is more sensitive to delay. The IE primaryPath includes corresponding data amount and under-transmission packet factor regardless whether deactivation of PDCP duplication or not.
Proposal 3: The IE primaryPath includes corresponding data amount and under-transmission packet factor regardless whether deactivation of PDCP duplication or not.
3 Conclusion

We summarize the contribution with the following observations:
Observation 1: As the uplink split is configurable threshold based, the PDCP entity must be aware deactivation of the PDCP duplication based on low layer reporting.
Based on the above observations we request RAN2 to discuss and agree on the following proposals:

Proposal 1: For the conditions for deactivated function to the primary gNB, another path that pre-processing transmission data parameter should not initiate the data duplication.

Proposal 2: For deactivation case, UE removes one copy of the duplicated packets before primary gNB operates the discard function.

Proposal 3: The IE primaryPath includes corresponding data amount and under-transmission packet factor regardless whether deactivation of PDCP duplication or not.
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