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1 Introduction

In this contribution, we discuss how PDCP calculates and indicates the data available for transmission to MAC entity when PDCP duplication is enabled. 3GPP RAN2 has made the following agreements related to PDCP packet duplication:

	Agreements for packet duplication from RAN2#98

· Duplication on a single carrier will not be supported

· RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

· Duplicated PDCP PDUs are submitted to two different RLC entities

· UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB

Agreements for packet duplication from RAN2#NR_AH2

· CA packet duplication is not applied to LTE CA of EN-DC.

· In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

· In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.

· Logical channel prioritization takes into account the all the restrictions configured for the logical channels.

· Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  
· The LTE threshold based mechanism is used for UL bearer split

· In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.


2 Discussion
The Buffer status reporting procedure is used to provide the network with information about the amount of data available for transmission in the UL buffers associated with the MAC entity. PDCP indicates to MAC entity about the data available for transmission which includes PDCP Control PDUs, SDUs which has not been processed by PDCP and the PDUs if the SDUs have been processed by PDCP. RLC indicates to the MAC entity about the data available for transmission which includes RLC Status PDU, RLC SDUs or segments that are not part of an RLC PDU and RLC PDUs that are pending for re-transmission. 
In LTE DC, when the buffered data for uplink transmission is larger than the configured ul-DataSplitThreshold, PDCP provides both MAC entities with the same data available for transmission.  The thresholds are known to the scheduler entities at both the network nodes and therefore can allocate resources efficiently. Both the eNBs do not provide grants required to transmit the complete buffer occupancy reported in BSR (in order to avoid over scheduling) as the network is aware that the same value of buffer occupancy is reported to both the eNBs but the actual PDU will be transmitted only to one of the eNBs. 
Observation 1: In LTE DC, Duplicate reporting of data available for transmission at PDCP is supported only when the data available for transmission is larger than or equal to ul-DataSplitThreshold.

In dual connectivity having uplink split bearer, a data threshold value is configured by the gNB based on which the data available for transmission will be indicated to MAC entity. If Data Threshold is configured and the data available for transmission is larger than or equal to this Data Threshold, then PDCP indicate the data available for transmission to both the MAC entity configured for SCG and the MAC entity configured for MCG. If data available for transmission is lesser than this Data Threshold, then PDCP indicate the data available for transmission to the specific MAC entity which is configured by upper layers to carry this information. The other MAC entity is indicated as 0 data available for transmission. If Data Threshold is not configured, then PDCP indicate data available for transmission only to a specific MAC entity. The MAC entity to which PDCP data available for transmission has to be indicated should be configured by gNB. NR PDCP should be configured with the MAC entity to which PDCP should indicate data available for transmission when the data volume is not above the configured data threshold value. 
Proposal 1: In MR-DC and intra-NR DC, for uplink split bearer when packet duplication is not enabled, Upper layers shall configure the MAC entity to which PDCP should indicate data available for transmission.

Proposal 2: In MR-DC and intra-NR DC, for uplink split bearer when packet duplication is not enabled, PDCP should indicate data available for transmission to both MAC entities when data available for transmission is larger than or equal to the configured data threshold.
NR supports two types of PDCP packet duplication – DC case and CA case. In PDCP packet duplication for MR-DC case, bearer is configured with two RLC entities which are interfaced to separate MAC entities. In PDCP packet duplication for NR CA case, bearer is configured with two RLC entities which are interfaced to a single common MAC entity.   As a result, every PDCP SDU has 2 PDUs formed.  PDCP processes the SDUs and form PDUs that are submitted to RLC entity on one leg for uplink transmission. The same/ duplicate PDCP PDUs are submitted to RLC entity on the other leg for uplink transmission. NR PDCP ensures that the duplicated packets are submitted to separate legs of the split bearer. As a result, for a single PDCP SDU, there is data available for transmission over both the legs. 
For both DC case and CA case with packet duplication enabled, NR PDCP ensures that the duplicated packets are transmitted over separate logical channels and RLC entities (separate legs) that are configured for the uplink bearer. In CA based duplication, MAC entity ensures that the packets from the two RLC entities submitting the duplicated packets are not multiplexed and transmitted over the same carrier. Therefore, they will be transmitted as part of different transport blocks over different carriers. It is required for the network to provide sufficient uplink grants on both the legs of the split bearer or over both the carriers in CA case, in order to transmit the duplicate PDUs. Therefore, NR PDCP with packet duplication enabled should always indicate the same data available for transmission to both the MAC entities in order to receive uplink grant allocation over both the legs. 
Proposal 3: In MR DC and intra-NR DC, with uplink split bearer, NR PDCP shall indicate data available for transmission to both the MAC entities for bearers with PDCP PDU duplication enabled.
Proposal 4: In CA case, NR PDCP shall indicate data available for transmission over both the logical channels for bearers with PDCP PDU duplication enabled.

It has been agreed that when duplication is deactivated in CA case, the UE will send data only over one specified logical channel. When the duplicate logical channel is deactivated, it does not necessarily lead to release of the logical channel and associated RLC entity. These configuration may still be retained in order for faster re-activation when necessary. Therefore, PDCP shall report the data available for transmission only once over the logical channel that is still active. 
Proposal 5: When CA based duplication is deactivated, PDCP shall send data available for transmission to MAC entity only over the logical channel that is still active. 

3 Conclusion

In this contribution, we provide our view on the PDCP data available for transmission when packet duplication is enabled and ask RAN2 to discuss the following proposals:

Observation 1: In LTE DC, Duplicate reporting of data available for transmission at PDCP is supported only when the data available for transmission is larger than or equal to ul-DataSplitThreshold.

Proposal 1: In MR-DC and intra-NR DC, for uplink split bearer when packet duplication is not enabled, Upper layers shall configure the MAC entity to which PDCP should indicate data available for transmission.

Proposal 2: In MR-DC and intra-NR DC, for uplink split bearer when packet duplication is not enabled, PDCP should indicate data available for transmission to both MAC entities when data available for transmission is larger than or equal to the configured data threshold.

Proposal 3: In MR DC and intra-NR DC, with uplink split bearer, NR PDCP shall indicate data available for transmission to both the MAC entities for bearers with PDCP PDU duplication enabled.
Proposal 4: In CA case, NR PDCP shall indicate data available for transmission over both the logical channels for bearers with PDCP PDU duplication enabled.
Proposal 5: When CA based duplication is deactivated, PDCP shall send data available for transmission to MAC entity only over the logical channel that is still active. 
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