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1 Introduction
The justification and detailed description of candidate options of 2, 3, and 7 for NR RAN internal functional split between CU and DU was discussed in RAN3#93 [1-3]. In particular, in case higher layer functional splits based on the Option 2 and Option 3 need to be supported in NR RAN, NR CU and DU need to support various O&M for NR RAN as well as smooth tight interworking in a flexible and cost-effective manner. In this contribution, we propose a flexible NR RAN architecture supporting higher layer functional split of Option 3 based on open fronthaul interface between CU and DU for this purpose.
2 NR RAN internal interface for higher layer functional split
For massive C-RAN deployment and multi-RAT interworking operation based on 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 particular, the higher layer functional splits of Option 2 and Option 3 are promising and share much commonality, as 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):
6.1.2.1.1
Justification and Detailed Description of Candidate Split Options

Option 2 - (PDCP/RLC) Split

Description:  In this split option, RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.  

Benefits and Justification: This option will allow traffic aggregation from NR and eLTE transmission points to be centralized.  Additionally, it can facilitate the management of traffic load between NR and eLTE transmission points.   Fundamentals for achieving a PDCP-RLC split have already been standardized for LTE Dual Connectivity, alternative 3C. Therefore this split option should be the most straightforward option to standardize and the incremental effort required to standardize it should be relatively small.   

Option 3 (High RLC/Low RLC) Split

Description: This option splits the RLC sublayer into High RLC and Low RLC sublayers such that for RLC Acknowledge Mode operation, the ARQ and packet ordering functions may be performed at the High RLC sublayer residing in the central unit, while the segmentation may be performed at the Low RLC sublayer residing in the distributed unit.
Benefits and Justification:
-
Compared to the PDCP-RLC (Option 2) split, this option has the advantage of being more robust under non-ideal transport conditions because the ARQ and packet ordering is performed at the central unit.

-
This split option may also have better flow control across the split.

-
Centralization gains: ARQ located in the CU provides more centralization or pooling gains over Option 2.

-
The failure over transport network is also recovered using the end-end ARQ mechanism at CU. This provides protection for critical data and C-plane signaling.

-
DUs without functions of RLC can handle more connected mode UEs as there is no RLC state information stored and hence no need for UE context.

-
Reduced processing and buffer requirements in DU due to absence of ARQ protocol

-
Could be used over multiple radio legs of different DUs for higher reliability (U-Plane and C-Plane)

Cons

-
Comparatively, the split is more latency sensitive than the split with ARQ in DU, since re-transmissions are susceptible to transport network latency over a split transport network.

Overall, Option 3 where ARQ is located in CU provides significantly better pooling gains (packet processing) than Option 2. In addition, Option 2 requires larger packet buffers in DU. Therefore, it is beneficial to place ARQ function in CU according to the RAN function mapping shown in Option 3.

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. In case DU of Option 3 is connected to CU, an open fronthaul interface between CU and NR DU of Option 3 is required (i.e., FHI).

The specification scope of the open fronthaul interface should be determined by considering enough interoperability between CU and DU, multi-RAT interworking and implementation complexity, as proposed based on Iub interface in [4]. In particular, we think that O&M functions for NR RAN becomes more important because diverse RAN virtualization, RAN slicing, beamforming-based AAS (Active Antenna System) and SON operation will be introduced.
Furthermore, operators have different NR deployment and migration plan based on SA and NSA architecture, and want to avoid duplicated investment in infrastructure for supporting SA and NSA deployments. In other words, SA and NSA mode can be switched on-demand or both the SA and NSA modes can be operated simultaneously in the same NR RAN. 

Therefore, open fronthaul interface for NR should support user data transport, control signalling for the user data, and O&M signalling for various resources of NR RAN (e.g., vRAN, RAN slicing, BF-AAS, SON, and SA/NSA operation, etc).
Proposal 1: Open fronthaul interface for NR should support user data transport, control signalling for the user data, and O&M signalling for various resources of NR RAN (e.g., vRAN, RAN slicing, BF-AAS, SON, and SA/NSA operation, etc).
Figure 1 shows the proposed NR RAN architecture and fronthaul interface with the functional splits of Option 3. 

[image: image1]
Figure 1: NR RAN architecture and fronthaul interface with the functional splits of Option 3 (Intra-RLC)
In addition, since it is also required that NR RAN is interworked with eLTE RAN based on dual connectivity mechanism, where Xn interface between CU and eLTE DU handles the interworking. 
NR CU or eLTE DU acts as anchored RAN according to NR-eLTE tight interworking architecture deployed. In case eLTE anchor is used, data bearer/flow through Xn interface is transferred to NRT-RLC in NR CU from PDPC in eLTE DU. Also in case NR anchor is used, data bearer/flow through Xn interface is transferred to RLC in eLTE DU from PDCP in NR CU. Therefore, the open fronthaul interface for the functional split of Option 3 can smoothly support tight interworking between NR and LTE RANs.
Figure 2 shows NR RAN architecture with the functional split of Option 3 that is interworked with eLTE RAN.

Proposal 2: Open fronthaul interface for the functional split of Option 3 should support NR-eLTE tight interworking based on dual connectivity.
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Figure 2: NR and eLTE RAN interworking architectures for Option 3
3 Proposals Summary
Having discussed above, it is proposed that RAN WG3 is kindly asked to capture the following proposals into the TR 38.801:
· Proposal 1: Open fronthaul interface for NR should support user data transport, control signalling for the user data, and O&M signalling for various resources of NR RAN (e.g., vRAN, RAN slicing, BF-AAS, SON, and SA/NSA operation, etc).
· Proposal 2: Open fronthaul interface for the functional split of Option 3 should support NR-eLTE tight interworking based on dual connectivity.
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