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1	Introduction 
User plane enhancements for flow control were extensively discussed in RAN3 NR#2 [1]. Flow control for F1 user plane based on buffer status reporting was presented in [2] and comparison of flow control approaches was discussed in [3]. In this contribution, we discuss enhancements to the F1 User Plane specification and propose the corresponding TP in [4].
2	General Principle
Figure 1 illustrates the overall flow control principle in CU-DU split architecture. The incoming PDCP PDUs are divided into multiple bearers for multiple cells. The exact proportion of split depends on cell loading, radio condition of the link, and the RLC buffer status. Flow control function optimizes the traffic pattern depending on policy to ensure service quality while avoiding congestion to the network. 
In 5G network deployments with CU-DU split architecture, larger number of DUs may be aggregated to CU than previously envisioned due to virtualization and centralization of PDCP layer. It is envisioned to have 1000’s of cells aggregated to CU in a central location. Therefore, the number of traffic flows through the midhaul may be orders of magnitude larger than in conventional deployments where typically a few 10’s of cells are supported in a base station. This results in large bandwidth requirements and increased fluctuation in traffic loading in the midhaul.
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Figure 1: Flow control in CU-DU split architecture

There are two requirements for flow control algorithm:
· Traffic management
· Flow control makes fair utilization of radio resources among cells (eg 20MHz cell vs 100 MHz cell), while ensuring packet delivery under instantaneous variations such as changing transport and radio conditions. Queuing delays between the primary and secondary cells should remain similar.
· Buffer management
· Flow control reduces the probability of buffer under-run and overrun, while limiting the buffering time at the DU RLC to a desired level. Buffer under-run causes scheduler starvation while buffer overrun causes packet drop, reducing the throughput significantly.
	
Buffer status reporting and radio resource capability at the DU is critical for flow control. Without buffer status information, over-provisioning of DU RLC buffer is required to avoid packet drop.
Queuing delay proposed in [5] is not sufficient to support traffic management function required to handle 5G data rate and multi-vendor CU-DU operation. RLC buffer under-run or overrun cannot be estimated from the queuing delay alone. It is also noted that measurement of queuing delay requires time stamp and tracking of the packets at the RLC layer, which may increase implementation complexity.
3	F1 User Plane Specification Aspects
For flow control operation described in [2], following enhancements are required in the F1 User Plane:
Maximum RLC buffer size
During cell setup stage, maximum RLC buffer size is sent from DU to CU.
RLC buffer status reporting
DU sends data forward request to CU. At the time of data forward request, average RLC buffer size and RLC buffer drain rate is reported to CU.
· Average RLC buffer size: Average RLC queue depth in terms of PDCP PDU packets at the time of reporting n. Averaging may be computed based on moving average or by IIR filtering.
· RLC buffer drain rate: Number of RLC SDUs successfully delivered to MAC between reporting time n and previous reporting time n-1

We believe that the enhancement for RLC buffer status reporting is critical for overall system performance.
Proposal 1: It is proposed to introduce enhancements to the F1 User Plane specification for flow control based on RLC buffer status reporting.
If the above enhancements are agreed for F1, similar enhancement may be applied for X2 and Xn interfaces for Dual Connectivity in 5G.
Proposal 2: It is proposed to make similar enhancements in X2 and Xn interfaces for Dual Connectivity.
4	Conclusion
In this contribution, we propose F1 User Plane enhancements for flow control:
Proposal 1: Introduce enhancements to the F1 User Plane specification for flow control based on RLC buffer status reporting. It is proposed to agree on the corresponding TP in [4].
Proposal 2: Make similar enhancements in the X2 and Xn interfaces for Dual Connectivity.
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