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Introduction
In legacy LTE, flow control function is only enabled when MCG split bearer is configured and it is an unidirectional procedure. In this contribution, we discuss the possible enhancement of flow control function in LTE-NR DC case considering the introduction of SCG split bearer and PDCP duplication. 
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Support DL DATA DELIVERY STATUS in SCG split bearer
For the MCG split bearer in legacy LTE, the flow control function is applied and only for DL i.e. the flow control information is provided only by the SN to the MN for the MN to control the downlink user data flow to the SN. Since SCG split bearer is also supported in EN-DC except for MCG split bearer, it might therefore support MN to provide the flow control information to SN.


Figure 1  Downlink Data Delivery Status
Proposal 1  For SCG split bearer, the flow control information is provided by the MN to the SN to control the downlink user data flow to the MN.
Support flow control function in PDCP duplication case
The flow control function may also be of use to avoid unnecessary retransmission when PDCP duplication is configured. For example, for MCG split bearer, MN provides SN the information of successful in sequence delivery of PDCP PDUs to the UE from MN to timely inform SN the retransmission of some duplicated PDCP PDUs are no more needed. With this information, a lot of SCG radio resources would be saved. Similarly, for SCG split bearer, SN provides such flow control information to MN to help MN make a better radio resource management.
To sum up, we have the following observation:
Table 1: Direction of flow control information in different use cases
	Purposes
	Use case
	Direction

	to control the downlink user data flow to the assisting node
	MCG split bearer
	SN -> MN

	
	SCG split bearer
	MN -> SN

	to avoid unnecessary retransmission when PDCP duplication is configured
	MCG split bearer
	MN -> SN & SN -> MN

	
	SCG split bearer
	SN -> MN & MN -> SN


Proposal 2  Introduce DL DATA DELIVERY STATUS in PDCP duplication case to avoid unnecessary retransmission of duplicated PDCP PDUs.
Proposal 3  Support bi-directional transfer of DL DATA DELIVERY STATUS in PDCP duplication case. 
A further enhancement is to respond with a DL DATA DELIVERY STATUS right after receiving a DL DATA DELIVERY STATUS when PDCP duplication is configured. An example is shown in Fig.2. When MN found PDCP PDUs 1-4 have been successful delivered to UE by SN, it would response with another DL DATA DELIVERY STATUS to SN indicating that the following transmission could start from PDCP PDU 8 although PDCP PDU 4 has not been successful delivered to UE by MN. Then SN would give up the on-going retransmission of PDCP PDU 5&6, and transmit/retransmit from PDCP PDU 8. In this case, unnecessary retransmission of PDCP PDU 4 at MN and PDCP PDU 5&6 at SN are effectively avoided.


Figure 2   Example of bi-directional transfer of DL DATA DELIVERY STATUS
Proposal 4  Responding with a DL DATA DELIVERY STATUS right after receiving a DL DATA DELIVERY STATUS is enabled when PDCP duplication is configured.
Trigger of DL DATA DELIVERY STATUS
In legacy LTE, it is up to SN decision on when to trigger DL DATA DELIVERY STATUS. Different from the unidirectional flow control function in LTE DC, LTE-NR DC may support a bi-directional DL DATA DELIVERY STATUS procedure if PDCP duplication is configured. To timely inform the other node the flow control information, some report configuration can be defined, for example, timer-based / event-based /periodical reporting. For MCG split bearer case, MN would configure the reporting parameters for SN (and sometimes also MN). While for SCG split bearer case, it is SN that configures the reporting parameters for MN (and may also SN). 
Proposal 5  DL DATA DELIVERY STATUS could be triggered by a timer /an event /periodical reporting.
Conclusions
In this work, we have the following recommendations:
Proposal 1  For SCG split bearer, the flow control information is provided by the MN to the SN to control the downlink user data flow to the MN.
Proposal 2  Introduce DL DATA DELIVERY STATUS in PDCP duplication case to avoid unnecessary retransmission of duplicated PDCP PDUs.
Proposal 3  Support bi-directional transfer of DL DATA DELIVERY STATUS in PDCP duplication case. 
Proposal 4  Responding with a DL DATA DELIVERY STATUS right after receiving a DL DATA DELIVERY STATUS is enabled when PDCP duplication is configured.
Proposal 5  DL DATA DELIVERY STATUS could be triggered by a timer /an event /periodical reporting.
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