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1	Introduction 
RAN functional split architecture and standardization of the interfaces are under discussion in RAN and RAN3. It would be beneficial to have standardized split architecture and interfaces for multi-vendor operation. There are several initiatives to standardize the interface led by operators. Telecom Infra Project (TIP) is actively promoting open interface specification and interoperability, supported by operators, network infrastructure providers, and system integrators [1]. Recently, NGMN 5G Trial and Testing Initiative (TTI) project is in progress to test 5G building blocks. One of the key initiatives is to test interfaces of different network solutions [2]. The integration and testing effort may be wasted, unless it is based on standardized functional architecture and interfaces.
Benefits of different higher-layer split options were extensively discussed in RAN3 NR#1 [3]. However there is no consensus on some of the benefits of Option 3 compared with Option 2-1. In this contribution, we elaborate on some of the issues of Option 3, considering real-life network deployment and multi-vendor operation in virtualized environments and argue in favour of Option 2. 
2	Discussion
2.1 	Interworking between ARQ and HARQ
In HSPA, ARQ is terminated in RNC whereas HARQ is terminated in NodeB. As such, optimization of ARQ operation in diverse and varying transport network conditions is challenging in HSPA systems. A short ARQ RTT may result in increased packet loss. To avoid packet error delivered to TCP, often, a conservative approach is taken for ARQ, which may result in wasted radio resources.
In LTE, colocation of ARQ and HARQ allows tight interworking between ARQ and HARQ for fast and reliable packet transmission. This allows optimization of ARQ and HARQ operation due to changing radio conditions. In NR high-layer split (HLS) architecture, co-location of ARQ and HARQ in DU is beneficial in optimizing the radio performance depending on changing radio conditions and the scheduling decision. This is particularly important when the HARQ optimization is challenging with shorter TTI length for URLLC. ARQ is needed to deal with temporary blocking of the channel in fast changing radio environments. Challenges of reliable communication in 5G for URLLC and some of the physical layer approaches to improve the receiver performance are discussed in [4]. A joint optimization algorithm between HARQ and ARQ is proposed in [5]. These benefits include data transmission/reception and efficient resource utilization by fast adaptation of ARQ. 
Option 2 architecture allows joint optimization of HARQ and ARQ. An implementation and deployment of Option 2 architecture for LTE is available. Our field measurement suggests that commercial network deployment is feasible, with proper network implementation and midhaul transport architecture.
Observation 1: Option 2 allows joint optimization of HARQ and ARQ for reliable communication over the radio link in challenging scenarios such as URLLC.

2.2	Impact of Segmentation in Option 3
In RAN2, SO based segmentation was agreed as baseline. For initial transmission, lower RLC in DU segments the RLC PDUs into available MAC PDU resources. 
In case of retransmission, high RLC in CU performs SO-based segmentation to only pass the missing PDUs. Since this requires exact segmentation & the SO at the low RLC, SO and size of the segment is required at the CU from DU. In case of long transport latency between the CU and DU, tight synchronization of the segmentation status between CU and DU may be challenging. Another option for coordination could be to continuously transfer the segmentation information from DU to CU. However, this incurs large overhead in order to adapt to the changing scheduling allocation.
For dual connectivity, bearer split is required in CU. Flow control algorithm is typically implemented to transfer the data from PDCP to RLC. The proportion of data distributed among the DUs varies depending on the cell load and the available link rates and feasible rates. Segmentation and resegmentation of RLC PDUs is straightforward, depending on the independent scheduling grant determined by radio channel conditions. Option 2 allows implementation of dynamic bearer split, without much overhead.
Observation 2: Option 3 splits the segmentation and resegmentation across CU and DU, which requires coordination of segmentation between high RLC and low RLC. Sharing segmentation information requires overhead and may not be accurate when transport latency is large. 
Observation 3: Option 2 is aligned with dual connectivity architecture of LTE and allows simple bearer split and RLC segmentation adaptation in DUs.
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Figure 1: Option 3 split architecture

2.3 	Mobility Handling Aspects
It was argued that Option 3 can handle intra-gNB mobility more easily. This includes mobility of different TRPs that share the same cell ID. During Handover (HO), data forwarding needs to take place between the source and the target base stations. In LTE, unacknowledged SDUs are forwarded from the source to the target eNB in order to ensure no disruption. 
In NR, temporary buffering can be implemented in the CU to ensure data and sequence number availability at the target gNB. The required data for the target gNB can be made available during the HO preparation stage. The signalling between the CU and DU can be optimized by terminating some of the signalling between the source and the target gNB at the CU. Mobility between TRPs can be handled in a similar way to DPS in LTE. An alternative way may be by introducing PDCP layer mechanism in CU to transfer the remaining SDUs and the status information.
Observation 4: Benefit of split Option 3 for intra-gNB RAN-based mobility over Option 2 is not confirmed.
Observation 5: In CU-DU split architecture, mobility procedure can be handled by buffering data at the CU during the HO preparation stage. 
3	Conclusion
We have analysed split architecture Option 3 considering NR network deployment and made a few observations.
Observation 1: Option 2 allows joint optimization of HARQ and ARQ for reliable communication over the radio link in challenging scenarios such as URLLC.
Observation 2: Option 3 splits the segmentation and resegmentation across CU and DU, which requires coordination of segmentation between high RLC and low RLC. Sharing segmentation information requires overhead and may not be accurate when the transport latency is large. 
[bookmark: _GoBack]Observation 3: Option 2 is aligned with dual connectivity architecture of LTE and allows simple bearer split and RLC segmentation adaptation in DU.
Observation 4: Benefit of split Option 3 for intra-gNB RAN-based mobility over Option 2 is not confirmed.
Observation 5: In CU-DU split architecture, mobility procedure can be handled by buffering data at the CU during the HO preparation stage. 
Based on the above observations, we make the following proposals:
Proposal 1: Consider supporting Option 2 architecture
Proposal 2: Consider specification to optimize Option 2 in the aspects of bearer split, joint ARQ and HARQ optimization, and mobility handling.
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