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1 Introduction
In RAN3#92, the NR RAN internal functional split options between CU (Central Unit) and DU (Distributed Unit) and open RAN internal interface were discussed [1]. In this contribution, we propose preferred NR RAN internal functional splits and open interface for supporting flexible RAN split configuration.
2 NR RAN internal functional splits
Eight functional split options between CU and DU are currently being studied, as depicted in Figure 1 [1]. However, it is highly desirable that we need to determine the functional split options as few as possible to make open fronthaul interface feasible in practice.
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Figure 1: NR RAN function split between CU and DU

Therefore, among these split options, the higher layer split options of the Option 2 (3C-like split) and the Option 3 (intra-RLC split) should be supported in NR RAN, especially for millimeter-wave band operation with high latency fronthaul (Figure 2). The benefits of these split options are reduced fronthaul bandwidth, relaxed fronthaul latency, higher centralization and virtualization gain, and fast large-sized packet processing. These split options not only offer more flexible inter-RAT (NR-LTE) and intra-RAT (NR) interworking operation, but also make open fronthaul interface feasible.

Each protocol layer function can consist of its component sub-functions. Especially, it is important to dispose proper sub-functions to CU and DU for intra-RLC split. Therefore, High-RLC and Low-RLC of the Option 3 correspond to non-real-time (NRT) and real-time (RT) sub-functions of RLC protocol, respectively. For example, ARQ is a sub-function in NRT-RLC functions, and concatenation and segmentation are sub-functions in RT-RLC function. 
Furthermore, in case that existing RLC layer is removed in NR protocol architecture for NR protocol optimization, sub-functions in NRT-RLC and RT-RLC need to be moved to PDCP and MAC layers, respectively, so that CU and DU are split between new PDCP and new MAC layer.
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Figure 2: Higher layer functional splits for NR RAN
Proposal 1: NR RAN functional splits of the Option 2 (3C-like split) and the Option 3 (intra-RLC split) should be supported at least.
Proposal 2: High-RLC and Low-RLC of the Option 3 (intra-RLC split) should be split in terms of NRT and RT sub-functions of RLC protocol, respectively.
3  NR RAN internal interface for flexible functional split
A motivation to study having a standard fronthaul interface between the CU and DU of the NR RAN for multi-vendor operability (MVI) was proposed in [2-4]. For massive C-RAN deployment and operation using NR RAN, mobile operators will need standardized and open RAN interfaces between CU and DU of different vendors to flexibly deploy various types of RAN equipment at outdoor and indoor areas.

In addition, the following requirements for flexible functional split are described in the TR 38.801 Study on New Radio Access Technology; Radio Access Architecture and Interfaces [1] (note that only relevant texts are shown here):
Flexible functional split

Some of the benefits of a NR architecture with the flexibility to split and move functions between central and distributed units are below:

- Flexible HW implementations allows scalable cost effective solutions

- A split architecture (between central and distributed units) allows for coordination for performance features, load management, real-time performance optimization, and enables NFV/SDN

- Configurable functional splits enable adaptation to various use cases, such as variable latency on transport

The NR design should support the flexibility to move RAN functions between the central unit and distributed unit, and should be studied.
However, since CU and DU of different vendors can have different functional splits and CU and some portion of DU will be implemented on NFV/SDN-based RAN equipment, CU has a capability to flexibly support different types of DU connected to a common CU. 
Therefore, CU should have required common protocol functions to flexibly accommodate different DUs that have different protocol functions. In addition, open fronthaul interface (FHI) should support the dynamic configuration of multiple RAN functional split by exchanging configuration information. Of course, the options of functional splits supported can be limited in practice for simpler implementation. 
Figure 3 shows an example of flexible functional splits based on open fronthaul interface where different DUs of the Option 2 and the Option 3 are connected to a common CU. In this example, the common protocol functions in CU are RRC, PDCP, and RLC functions and only required RLC sub-function will be activated and utilized.
Proposal 3: CU should have required common protocol functions to flexibly accommodate different DUs that have different protocol functions.

Proposal 4: Open fronthaul interface between CU and DU should support the dynamic configuration of multiple functional splits.
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Figure 3: Flexible RAN functional splits based on open fronthaul interface
Furthermore, it is expected that NR network will be migrated from non-standalone (NSA) operation to standalone (SA) operation as NR becomes mature. Therefore, NR RAN internal functional split needs to be determined to support the smooth and low-cost NR RAN migration for operators.
Proposal 5: NR RAN protocols and functional splits should support the smooth and low-cost RAN migration from NSA to SA operation.

4 Proposals Summary
Having discussed above, it is proposed that RAN3 is kindly asked to capture the following proposals into the TR 38.801:
· Proposal 1: NR RAN functional splits of the Option 2 (3C-like split) and the Option 3 (intra-RLC split) should be supported at least.
· Proposal 2: High-RLC and Low-RLC of the Option 3 (intra-RLC split) should be split in terms of NRT and RT sub-functions of RLC protocol, respectively.
· Proposal 3: CU should have required common protocol functions to flexibly accommodate different DUs that have different protocol functions.

· Proposal 4: Open fronthaul interface between CU and DU should support the dynamic configuration of multiple functional splits.
· Proposal 5: NR RAN protocols and functional splits should support the smooth and low-cost RAN migration from NSA to SA operation.
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