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1	Introduction
According to the NR SID [1], the RAN architecture needs to consider the different options of splitting the architecture into a “central unit (CU)” and a “distributed unit (DU)”, with potential interface in between. At RAN3#92, potential functional split between CU and DU was updated and captured in TR 38.801 [2]. This paper discusses the NR multi-connectivity (MC) potential in a CU/DU architecture and raises some questions to be studied. The LTE and NR interworking is not discussed in this paper. 
2	Multi-connectivity in a CU/DU architecture
In RAN3, the deployment scenarios to be supported by the NR radio network architecture have been agreed. Considering standalone NR, both the non-centralized and centralized deployments shall be considered as shown in Figure 1. 
The non-centralized deployment scenario is similar to the LTE system architecture, where each NR BS hosts the full protocol stack e.g. in a macro deployment or indoor hotspot environment (could be public or enterprise). In RAN2#94, it has been agreed to study the upper layer aggregation (e.g. DC-like) for standalone NR. We also discuss the potential intra-frequency MC options with non-ideal backhaul in [3]. Almost all the upper layer multi-connectivity solutions discussed so far is based on the non-centralized architecture.  
Observation #1: All upper layer multi-connectivity solutions so far have been based on the non-centralized deployment scenario similar to LTE system architecture.  


         
 				(a) Non-centralized deployment 							(b) Centralized deployment 
Figure 1 Deployment scenarios of NR radio network architecture

NR should also support centralization of the upper layers of the NR radio protocol stack e.g. as proposed in [4], i.e. centralized deployment. With the upper layer functions being placed in the CU, the distributed units may operate on the same or different carrier frequencies using the NR radio interface. In this scenario, if the UE aggregates the radio resources from multiple DUs connecting to different CUs, which is named inter-CU, it would be equivalent to the multi-connectivity in non-centralized scenarios by considering a CU+DU as a NR NB. However, if the radio resources from multiple DUs connecting to the same CUs are aggregated, named as intra-CU, the data flow(s) have to be separated over the interfaces between CU and DU. Since the whole protocol stack is separated between CU and DU, how will the multi-connectivity be tailored to the protocol split and the available functions in the DU? The upper layer aggregation in non-centralized scenarios, e.g. LTE DC option 3c, where a separate RCS at gNB is assumed, may be suboptimal in the presence of a CU. The low layer aggregation (CA-like) could also be considered due to the centralized RRC in the CU, but it may not operate in exactly the same way as in LTE CA. Therefore there is the need to study the NR multi-connectivity in the CU/DU architecture.  
Observation #2: The LTE DC-like upper layer aggregation solutions may not apply in the CU/DU architecture where the NR multi-connectivity depends on the protocol split decision between CU and DU. 
Observation #3: The low layer aggregation may not operate in exactly the same way as in LTE CA. 
Proposal#1: NR multi-connectivity shall be studied in the CU/DU architecture.
The function split options between central and distributed units are shown in Figure 2. The discussion is ongoing in RAN3 where the potential options of high layer function split between CU and DU are identified and evaluated [4]. In all the possible split options, CU is the single termination point for both UP and CP. While Master eNB is defined as the S1-C termination point in LTE DC to differentiate from SeNB, aggregating the resources from multiple DUs connecting to the same CU is multi-connectivity within one (logical) gNB. The differentiation between master and slave gNBs is not valid in this scenario. In addition, there is a single RRC entity centralized in the CU, where the controlling of the connected DUs makes no difference. Therefore, it shall be studied whether to differentiate between a master and secondary DU, and if so how to assign the role in the DU/CU architecture. 
Observation #4: In a centralized architecture multi-connectivity with DUs connected to the same CU happens inside a gNB, and there is no natural role of a master cell group, or a master cell.
Proposal #2: It shall be studied whether a master role is needed at all, and how to assign such a role in a centralized architecture.  
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Figure 2: Function Split between central and distributed unit
In LTE, both CA and DC including option 1a and 3c are specified to enable multi-connectivity operation. UE can be configured with any of the multi-connectivity options without being aware of the architecture scenarios. While the LTE-like MC solution is considered as the starting point for the multi-connectivity in standalone NR system, it is possible they may not be optimal in the CU/DU architecture as discussed above. Some new options might need to be tailored to the CU-DU split. At least it shall be studied whether new options need to be specified in addition to LTE-like MC solutions.
Observation #5: Different architecture deployment options may lead to different user plane MC options. 
Proposal#3: It shall be studied whether new MC options are needed in centralized deployment of standalone NR.

3	Summary
In this contribution, we discussed the potential of multi-connectivity schemes in a CU/DU architecture. The following has been observed and proposed: 
Observation #1: All upper layer multi-connectivity solutions so far have been based on the non-centralized deployment scenario similar to LTE system architecture.  
 Observation #2: The LTE DC-like upper layer aggregation solutions may not apply in the CU/DU architecture where the NR multi-connectivity depends on the protocol split decision between CU and DU. 
Observation #3: The low layer aggregation may not operate in exactly the same way as in LTE CA. 
Observation #4: In a centralized architecture multi-connectivity with DUs connected to the same CU happens inside a gNB, and there is no natural role of a master cell group, or a master cell.
Observation #5: Different architecture deployment options may lead to different user plane MC options. 

Proposal#1: NR multi-connectivity shall be studied in the CU/DU architecture.
Proposal #2: It shall be studied whether a master role is needed at all, and how to assign such a role in a centralized architecture.  
Proposal#3: It shall be studied whether new MC options are needed in centralized deployment of standalone NR.
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