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1
Introduction
RAN#76 newly approved a study item on separation of CP and UP for split option 2 in RP-171421 [1].

3 objectives are copied below.
1. From TR 38.801, study the scenarios, the feasibility and the benefits of the separation of the CU-CP (control plane instance of PDCP /RRC protocols) and the CU-UP (the user plane instance of PDCP (and SDAP) protocols). 
2. Identifying details solutions e.g. introducing a standardised control plane interface between the CU-CP and CU-UP part of the gNB to enable the possibility of optimizing the physical location of different RAN functions based on the scenario and desired performance. 

3. Study the necessary protocol functions down to the procedure and message level related to the possible identified solutions e.g. a standardised control plane interface to enable set-up, modification, and release of the DRB related resources in the CU-UP, including handling of security keys in the CU-UP for RAN security activation and configuration. This also needs to take the agreed F1 interface general principle, and gNB-CU/DU architecture principle into account.

This paper provides some key evaluation items, which need to be solved, for the real deployment of CP/UP separation.
2
Discussion
2.1
Use-case and scenario
The motivations of CP/UP separation within gNB for various scenarios mainly come from the following aspects.

Objective 1: Enable flexible deployment

· Centralized gNB-CU-UP deployments for relatively delay tolerant services (e.g., for best effort services) 

· Distributed gNB-CU-UP deployments for highly delay sensitive services (e.g., closer to gNB-DU to meet latency for services like V2X, URLLC) 

Objective 2: Enable independent scalability of the gNB-CU-CP and gNB-CU-UP

· CP load is different from UP load.
· Easier to accomplish the scalability if design inherently separates gNB-CU-CP and gNB-CU-UP. 

Objective 3: Enable independent choice of execution environment for gNB-CU-CP and gNB-CU-UP

· While both gNB-CU-CP and gNB-CU-UP may be virtualized, gNB-CU-UP typically has higher performance needs, even close-to-real-time.
· gNB-CU-CP typically has very different characteristics and performance expectations.
Objective 4: Network Slicing
· Network Slicing could be accomplished with a dedicated gNB-CU-UP depending on the services hosted.
Objective 5: Mobility control in centralized location for low latency services
· Mobility benefits offered by CU-DU split should be retained by deploying gNB-CU-UP in different location from gNB-CU-CP even for low latency services.

Flexible placement of RAN Functions
gNB-CU/DU functional split being defined in F1 interface provides heterogeneous deployment flexibility. It will also support one gNB-CU hosting multiple gNB-DUs. 
We illustrate the possibility of judicious placement of gNB-CU-CP, gNB-CU-UP and gNB-DU to achieve low latency service requirements by flexible RAN function deployment as an example. Here, two tier aggregation deployment scenario, where T1 (Tier 1) could be hosted in a macro base station (for baseband pooling) and T2 (Tier 2) could be hosted in an edge cloud (controlling multiple macro sites).
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Figure 1: Flexible deployment for low latency services by CP/UP separation
Cardinality of gNB-CU-CP and gNB-CU-UP in a gNB
Furthermore, various scenarios / use-cases need to be considered from the cardinality perspective.

a. Single gNB-CU-CP, single gNB-CU-UP per gNB

b. Single gNB-CU-CP, multiple gNB-CU-UPs per gNB

c. Multiple gNB-CU-CPs, multiple gNB-CU-UPs per gNB

d. gNB-CU-CP co-located with gNB-DU in a centralized location

e. gNB-CU-CP co-located with gNB-DU in a decentralized location

f. gNB-CU-UP co-located with gNB-DU in a centralized location

g. gNB-CU-UP co-located with gNB-DU in a decentralized location

h. gNB-CU-CP and gNB-CU-UP in the same location

i. gNB-CU-CP and gNB-CU-UP in the different location

According to the RAN3 agreement, cardinality of gNB-CU : gNB-DU in a gNB must be 1 : N. Hence, one gNB should consist of one gNB-CU-CP hosting one or more gNB-CU-UPs. However, it should be further studied to ensure that other interfaces will not be impacted. Co-location or non-colocation also needs further study to ensure other interfaces will not be impacted.
Proposal 1: It is proposed to further study the cardinality in gNB-CU. It is observed that one gNB consists of one gNB-CU-CP hosting one or more gNB-CU-UPs, the current RAN3 agreement being the basis. However, such cardinality should be further studied together with co-location or non-colocation scenario to ensure other interfaces will not be impacted. 
2.2
Other technical aspects
For real flexible deployment and multi-vendor operation, at least the following aspects need to be studied.
· gNB-CU-UP discovery/(re-)selection by gNB-CU-CP

· gNB-CU-UP load balancing/overload handling by gNB-CU-CP

· Restoration procedures for failure scenarios 
· Impacts to the NR-LTE tight interworking

· Impacts to the NR U-plane stack and alleviate them
· Security

· Mobility and data forwarding.
· Network slicing

· O&M aspect

Proposal 2: It is proposed that at least the following aspects should be considered in the study.
· gNB-CU-UP discovery/(re-)selection by gNB-CU-CP

· gNB-CU-UP load balancing/overload handling by gNB-CU-CP

· Impacts to the NR-LTE tight interworking

· Impacts to the NR U-plane stack and alleviate them
· Security

· Mobility and data forwarding
· Network slicing

· O&M aspect

3
Conclusions
Proposal 1: It is proposed to further study on cardinality in gNB-CU. It is observed that one gNB consists of one gNB-CU-CP hosting one or more gNB-CU-UPs, the current RAN3 agreement being the basis. However, such cardinality should be further studied together with co-location or non-colocation scenario to ensure other interfaces will not be impacted. 
Proposal 2: It is proposed that at least the following aspects should be considered in the study.
· gNB-CU-UP discovery/(re-)selection by gNB-CU-CP

· gNB-CU-UP load balancing/overload handling by gNB-CU-CP

· Impacts to the NR-LTE tight interworking

· Impacts to the NR U-plane stack and alleviate them 

· Security

· Mobility and data forwarding.
· Network slicing
· O&M aspect
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