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Introduction
During RAN #76 a new study item (SI) on “Separation of CP and UP for split option 2 of NR” was approved [1]. In the previous RAN3 meeting, the SI was discussed and a list of open issues was endorsed [2]. In this contribution, we address the open issues related to the first objective of the study item.

Discussion  
The first objective of the SI is reported in the following [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).”
Related to this objective, the following open issues were listed in the previous RAN3 meeting [2]. 
· Benefits / drawbacks of deployment scenarios?
· Partially resolved: some benefits of deployment scenarios based on CP and UP split were identified during the NR SI phase and the NR WI phase. More arguments on benefits and drawbacks could be further discussed during the SI.
· SI Objective 1 is fulfilled? Proceed with CP-UP separation opt. 2?
· Partially resolved: some deployment scenarios were discussed during the NR SI phase and the NR WI phase. More deployment scenarios and feasibility could be further discussed during the SI. 
Observation 1 	The open issues related to objective 1 of the SI on “Separation of CP and UP for split option 2 of NR” were partly resolved at the previous RAN3 meeting.
Some relevant scenarios for the separation of CU-CP and CU-UP as well as the related benefits are further discussed in the following with the aim of resolving objective 1. 

· Scenario 1: CU-CP and CU-UP centralized
The CU-CP is centralized to coordinate the operation of several DUs, which can potentially provide efficient load balancing and radio coordination. The CU-UP is centralized to provide a central termination point for UP traffic in dual-connectivity (DC) configurations. This scenario allows to take maximum advantage of cloud technologies because both the CU-CP and CU-UP can be implemented in a virtualized environment. An example of scenario 1 is depicted in the following figure. 


Figure 1: CU-CP and CU-UP centralized

· Scenario 2: CU-CP distributed and CU-UP centralized
The CU-CP is deployed in a distributed manner and co-located with the DU to minimize the latency for control plane signalling toward the UEs. The CU-UP is centralized to provide a central termination point for UP traffic in DC configurations. This scenario allows to take advantage of cloud technologies while ensuring low latency for critical control plane procedures. An example of scenario 2 is depicted in the following figure.



Figure 2: CU-CP distributed and CU-UP centralized

· Scenario 3: CU-CP centralized and CU-UP distributed
The CU-CP is centralized to coordinate the operation of several DUs, which can potentially provide efficient load balancing and radio coordination. The CU-UP is distributed and co-located with the DU to provide low latency for user plane traffic. This scenario allows to take advantage of cloud technologies while ensuring low latency for user plane traffic, which is important for some applications (e.g., critical MTC). An example of scenario 3 is depicted in the following figure.


Figure 3: CU-CP centralize and CU-UP distributed

Further discussion about the feasibility and the benefits of the separation of CU-CP and CU-UP was discussed in our previous contribution [3]. Based on the discussion in this contribution and in our previous contribution [3] we believe that objective 1 of the SI is resolved. 
Proposal 1	Objective 1 of the SI is resolved.
Proposal 2		RAN3 is kindly asked to agree with the text proposal in Annex I for TR 38.xxx.
  
Conclusion 
In this paper, we addressed the open issues related to the first objective of the SI on separation of CP and UP for split option 2 of NR.
Observation 1 	The open issues related to objective 1 of the SI on “Separation of CP and UP for split option 2 of NR” were partly resolved at the previous RAN3 meeting.
Proposal 1	Objective 1 of the SI is resolved.
Proposal 2		RAN3 is kindly asked to agree with the text proposal in Annex I for TR 38.xxx.
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The first objective of the SI is reported in the following [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).”
The objective can be divided in three sub-objectives: (1) scenarios, (2) feasibility and (3) benefits of the separation of CU-CP and CU-UP. 

Scenarios
Network deployment scenarios based on the separation of CU-CP and CU-UP have been identified during the NR study item phase and are illustrated in TR 38.801 [3]. Additional scenarios were also identified and discussed during the NR work item phase. The most relevant scenarios for the separation of CU-CP and CU-UP as well as the corresponding benefits are presented in the following. 

Scenario 1: CU-CP and CU-UP centralized
The CU-CP is centralized to coordinate the operation of several DUs, which can potentially provide efficient load balancing and radio coordination. The CU-UP is centralized to provide a central termination point for UP traffic in dual-connectivity (DC) configurations. This scenario allows to take maximum advantage of cloud technologies because both the CU-CP and CU-UP can be implemented in a virtualized environment. An example of this scenario, is depicted in the Figure 5.1.1-1. 



Figure 5.1.1-1: CU-CP and CU-UP centralized

Scenario 2: CU-CP distributed and CU-UP centralized
The CU-CP is deployed in a distributed manner and co-located with the DU to minimize the latency for control plane signalling toward the UEs. The CU-UP is centralized to provide a central termination point for UP traffic in DC configurations. This scenario allows to take advantage of cloud technologies while ensuring low latency for critical control plane procedures. An example of this scenario, is depicted in the Figure 5.1.2-1.



Figure 5.1.2-1: CU-CP distributed and CU-UP centralized

Scenario 3: CU-CP centralized and CU-UP distributed
The CU-CP is centralized to coordinate the operation of several DUs, which can potentially provide efficient load balancing and radio coordination. The CU-UP is distributed and co-located with the DU to provide low latency for user plane traffic. This scenario allows to take advantage of cloud technologies while ensuring low latency for user plane traffic, which is important for some applications (e.g., critical MTC). An example of this scenario, is depicted in the Figure 5.1.3-1.


Figure 5.1.3-1: CU-CP centralize and CU-UP distributed

Based on the discussion above, this sub-objective can be considered fulfilled.

Feasibility
In TR 38.801 [3] it was correctly observed that in the LTE (and NR) protocol stack function for control plane and user plane have been considered together to maximise the performance of the air interface. The functions have strong dependency especially for the lower-layer of the protocol stack (PHY and MAC) where the logical and physical channels often carry both control plane and user plane data. On the other hand, in TR 38.801 [3] it was also observed that the separation of control plane and user plane in the higher-layer (RLC and PDCP) of the protocol stack is simpler and feasible. 
In fact, the split option 2-2 was agreed and selected as one of the possible split options for standardization in release 15 (i.e., together with option 2-1 that is another variant of the same split). In option 2-2 the RRC and PDCP are in the central unit, while RLC, MAC, PHY and RF are in the distributed unit.  In addition, this option can be achieved by separating the RRC and PDCP for the CP stack and the PDCP for the UP stack into different network entities. The fact that this option was agreed and selected for possible standardization proves that separation of CU-CP and CU-UP is to be considered feasible. 
In addition, it is worth noting that also in LTE the separation of CP and UP exists at a similar level of the network hierarchy and is implemented in the core network between the MME and the SGW. The MME realizes the control plane functions, while the SGW performs the user plane functions. A similar separation between CP and UP functions is being considered for the 5G-CN between the AMF/SMF and the UPF. This is a further proof of the feasibility of CP-UP separation. 
Based on the discussion above, this sub-objective can be considered fulfilled.

Benefits 
In TR 38.801 [2] a long list of benefits for the separation of CU-CP and CU-UP was identified: 
· A centralization of CP functions, controlling different transmission points, has the potential to achieve enhanced radio performance;
· Flexibility to operate and manage complex networks, supporting different network topologies, resources, and new service requirements;
· Alignment with SDN concept that would result in a functional decomposition of the radio access, based on a partial de-coupled architecture, between user and control plane entities and on network abstractions;
· For functions purely handling with CP or UP processes, independent scaling and realization for control and user plane functions operation;
· Support of multi-vendor interoperability.
Additional advantages were also discussed during the work item and are reported in the SI description [1]: 
· The disaggregated gNB deployment (with separate CU-CP and CU-UP) provides the possibility of optimizing the location of different RAN functions based on the scenario and desired performance. For example, the CU-CP could be placed in a location close to the DU to provide short latency for the critical CP procedures. The CU-UP could be centralized in a regional or national data center, thus favouring cloud implementation. An additional CU-UP could be also placed closer to the DU to provide a local termination point for [...] URLLC traffic. 
These benefits were discussed and endorsed. In addition, it is again worth noting that the CP and UP separation is already implemented in EPC (separation between MME and SGW) and will also be realized in 5G-CN (separation between AMF/SMF and UPF). The advantages of CP and UP separation in the core network are well known and have been discussed extensively (e.g., better scalability, resilience, cloud implementation). Similar advantages can be expected also in the separation of CU-CP and CU-UP. Therefore, this objective can be considered fulfilled.

Conclusions
The relevant scenarios for CU-CP and CU-UP separation were identified. The feasibility of the separation of CU-CP and CU-UP was confirmed considering the ongoing work on higher-layer split and the parallel with the core network. Several benefits for the separation of CU-CP and CU-UP were recognized. Based on these considerations, the first objective of the study item is successfully fulfilled.
End of Text Proposal for TR 38.xxx
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