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Introduction
For LTE-NR dual connectivity, different kinds of bearer types will be supported in variant deployments, take E-UTRA is the master as an example, the protocol stack of these bearer types could be illustrated as below:


In this contribution, we analyse the DL flow control in case of EN-DC. 
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In LTE, the purpose of the Downlink Data Delivery Status procedure is to provide feedback from the SeNB to the MeNB to allow the MeNB to control the downlink user data flow via the SeNB for the respective E-RAB. 
In NR, the main difference comparing with LTE includes SCG split bearer, higher data rate, high reliability, and PDCP duplication. In this section, we analyses the flow control function related to these aspects.
1) Support of SCG split bearer
Due to the introduction of SCG split bearer, the secondary node will split packets received from core network of the bearer, in order to adjust the data amount of this bearer to be transmitted in master node and secondary node, it is also needed for the master node to provide Downlink Data Delivery Status to the secondary node.
Proposal 1: enhance X2 Downlink Data Delivery Status procedure, not only triggered from Secondary node to Master node to support MCG split bearer flow control, but also triggered from Master node to Secondary node to support SCG split bearer flow control.
Proposal 2: support bi-direction Downlink Data Delivery Status procedure in Xn interface between master node and secondary node, to support MCG split bearer flow control and SCG split bearer flow control.
2) Support of higher data rate
In LTE, it was up to SeNB decision on when to trigger the Downlink Data Delivery Status procedure. As the MeNB will remove the buffered PDCP PDUs according to the feedback of successfully delivered PDCP PDUs, if the SeNB report the status report infrequently, the MeNB has to buffer very large amount of PDCP PDUs.
In 5G, the data rate will significantly increase comparing with Rel-12/13 LTE, i.e. target peak data rate 20Gbps for downlink and 10Gbps for uplink. In order to provide the Delivery Status in a more efficient way, it is better to introduce these procedures in a periodic way, or to be triggered after successfully delivered an indicated number of PDCP PDUs.
As shown in the figure below, the anchor Node1of a bearer which receiving DL data from Core network, will indicate the periodic reporting timer or the packet amount to report to the splitting Node2 which will help to transmit the data towards to the UE for the split bearer, e.g. during the split bearer setup. Then the splitting Node2 will trigger the DL data delivery status procedure towards the anchor Node1 periodically or after the delivery of the indicated amount of packets.


Proposal 3: support periodic and event triggered Downlink Data Delivery Status report, by providing a “periodic reporting timer” or “the packet amount to report” to the splitting node, e.g. during split bearer setup procedure. 
3) Support of High reliability
In LTE DC, the SeNB only indicates the successfully delivered PDCP Sequence Number, and the lost X2-U sequence Number to the MeNB, but the undelivered PDCP sequence number was not provided to the MeNB.
In 5G, high reliability transmission is required in many scenarios, e.g. a general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms. 
As shown in the figure below, in case the splitting node2 is not able to deliver a PDCP PDU (e.g. PDU No.4) towards the UE (e.g. based on RLC status report from UE) while the following PDCP PDU are delivered successfully (e.g. radio condition gets better), as the splitting node does not have the information on the PDCP discard timer, it is not able to determine whether the packet need to be retransmitted or discarded, if the splitting node inform the non-delivered PDCP PDU SN to the anchor node, the anchor node will make the decision on whether to discard the packet or resend the packet to the UE.


Proposal 4: support non-delivered packet reporting, by e.g. provide the “non-delivered PDCP sequence number” in Downlink Data Delivery Status message.
4) Support of PDCP duplication
As it was agreed in RAN2 that PDCP duplication is supported in may deployments:
	Agreements
1 Duplicate detection and discard functionalities for SRBs should be introduced in LTE PDCP to support duplication via split SRB in LTE-NR tight interworking scenarios where LTE is the MN.
1: Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)


In case the anchor node1 receives the successfully delivered PDCP Sequence Number, the anchor node1 could not only remove the buffered PDCP PDUs for the split bearer, but also remove the PDCP packet in the duplication path, this can avoid the unnecessary redundant PDCP PDU delivery in different path.
On the other hand, if the anchor node has already delivered some PDCP PDUs (PDU No. 1, 2, 3 and 4 in Figure below) in one path, e.g. in MCG bearer, if there is a split bearer carries the same PDCP PDUs, it is also beneficial for the anchor node to inform the delivered PDU SN, and then the splitting node could remove the indicated PDCP PDUs (PDU No. 3 and 4) in the buffer storing “PDCP PDUs not start to deliver”. Note it could be achieved via e.g. allowing the Anchor node hosting PDCP to provide Downlink Data Delivery Status to the splitting node.


Proposal 5: upon successfully deliverer of PDCP PDU at anchor node, in case PDCP duplication exists in split bearer, anchor node needs to indicate the delivered PDU SN to the splitting node, to allow the splitting node to remove the PDCP in the buffer.  
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In this contribution, we analyse the flow control for EN-DC, and it is proposed to agree the following proposals as the flow control principles for Dual connectivity:
Proposal 1: enhance X2 Downlink Data Delivery Status procedure, not only triggered from Secondary node to Master node to support MCG split bearer flow control, but also triggered from Master node to Secondary node to support SCG split bearer flow control.
Proposal 2: support bi-direction Downlink Data Delivery Status procedure in Xn interface between master node and secondary node, to support MCG split bearer flow control and SCG split bearer flow control.
Proposal 3: support periodic and event triggered Downlink Data Delivery Status report, by providing a “periodic reporting timer” or “the packet amount to report” to the splitting node, e.g. during split bearer setup procedure. 
Proposal 4: support non-delivered packet reporting, by e.g. provide the “non-delivered PDCP sequence number” in Downlink Data Delivery Status message.
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