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[bookmark: _Ref298777854]Introduction
During RAN3-93 a discussion on the topic of UP-CP functions separation was carried out.
Such discussion led to the inclusion of the following sections in TR38.801:
[bookmark: _Toc460344294][bookmark: _Toc461015261][bookmark: _Toc461038391][bookmark: _Toc461038481]6.1.3	UP-CP Separation
Editor’s note: This section should capture an analysis on UP-CP separation based on identification of UP and CP functions, justification of the benefits in separating such functions into separate RAN entities and whether a dedicated RAN architecture for support of UP-CP separation is beneficial and feasible
[bookmark: _Toc460344295][bookmark: _Toc461015262][bookmark: _Toc461038392][bookmark: _Toc461038482]6.1.3.1	UP and CP Functions Description and Grouping
Editor’s note: This section should capture a description of possible CP and UP functions, potential grouping of such functions taking into account possible RAN internal architectures and the benefits of such grouping schemes
[bookmark: _Toc460344296][bookmark: _Toc461015263][bookmark: _Toc461038393][bookmark: _Toc461038483]6.1.3.2	RAN architecture and interfaces for UP-CP Separation
Editor’s note: This section should capture an analysis of whether it is beneficial and feasible to define specific RAN architectures and interfaces to support CP-UP separation
In order to populate these sections it is important to determine what a function is, whether there is a way to identify UP and CP functions for separation purposes in an unequivocal way, whether it is beneficial to group such functions in a way that they can be handled by different parts of the RAN system, and more.
This contribution provides questions that will have to be answered before a conclusion can be taken on the topic of UP-CP functions separation.

Scope and Motivation of CP-UP Function Separation
The first point to be considered when discussing separation of UP/CP functions is to determine what a function is, and in particular how a UP or CP function can be defined.
Question 1: What is a UP or CP function? How can such functions be defined?
This question is important because it constitutes the first step to identify the entities that would eventually need to be separated.
Aspects that should be considered should be whether a “function” can be identified as a logical node. For example, in the work SA2 is carrying out on NFV the RAN as a whole is considered as a function. 
Alternatively, a function could be considered as a protocol. Still, other definitions could be possible, for example where a function is identified as a process within a protocol or across different protocols.
With respect to this last interpretation one should consider how it can be determined that a function works at UP or CP level only. Some examples of processes that have a role in both the UP and the CP are given below. These examples show what the challenges of providing such a distinction could be and that it is very difficult to identify processes that work only at UP or only at CP.
· Scheduling: Scheduling is used to control the assignment of resource to different traffic sources, both for signaling and for user data transmission. Scheduling is the mechanism that provisions UP channels with the resources that make data traffic exchange possible. Scheduling is ruled via policies established via CP and influences future CP settings, while at the same time being the core of the UP resource provisioning mechanism.  For this reason, scheduling has a role both in the CP and in the UP.
· Logical channel multiplexing: this function is in charge of multiplexing data of different logical channels into the same time frequency resources. This is clearly a task performed on UP traffic to increase the efficiency of UP data transmission. However, multiplexing is controlled by CP established configurations and policies, which make it difficult to classify this function as a pure UP one.
· Bearer Establishment: This is a process that ensures the correct creation of links over the air and between the RAN and the CN that allow for the transport of both user data and signaling traffic. There is a CP part in this process, which is that of setting up the links with the correct characteristics. However, there is a strong UP component because this function is essential for exchange of UP payload, as it establishes the means by which such traffic is transported.
· QoS establishment and enforcement: This process consists of assigning QoS rules on a per data flow basis (both signaling and user data) and to enforce such QoS when a packet (both for signaling or for user data) reaches the point in which QoS needs to be applied. Therefore, the process has a role both in CP and UP.
It should be clear from the above that it is not obvious whether functions can be classified as UP or CP and for that it is unclear what the benefit of separating functions in such a way would be. This leads us to the next question.

Question 2: What is the benefit of separation of CP and UP functions?
Let us assume that a list of UP and CP functions can be agreed. Let us also consider that it will be very difficult to find functions that handle purely UP or CP processes (indeed, it would be already difficult to determine what a UP or CP process is), so most likely these functions will work in both CP and UP areas, although in different proportions. 
With these assumptions there would be the need to justify why the 5G system would need to split UP and CP functions. This is important because such a separation implies a cost and an impact on performance. Processes for UP and CP that could be working in a tightly coordinated, efficient and time effective way would now need to be separated, less coordinated, subject to inter-process delays. 
It is plausible to ask why this architecture would need to be followed given that a separation would imply inefficiency and possibly errors. For example, less efficient coordination could arise when transmitting UP data during changes of UP bearers’ configuration; when coordinating UP transmission when QoS settings change; when enabling fast changes of user data scheduling; when enabling fast changes of security parameters for UP data transmission, and more. 
Moreover, this system would have to rely on a very detailed specification of signalling between the UP and CP functions. This would be challenging because many UP and CP processes are subject to vendor’s implementation choices (note: implementation freedom is what allows such processes to be optimised).
If a split of CP and UP functions finds its justification in different scalability of UP and CP processes it should be considered that, as explained above, it would be very difficult to find processes that only work at UP or CP level. If it is true that most processes are involved in both UP and CP, it would also be true that such processes would scale with the most processing intensive component. 

Question 3: How should CP and UP functions be separated when considering RAN protocol split architectures?
The NR is assumed to support different options of protocol split architectures. RAN3 is studying this aspect and it is already evident that there are several such architectures that could be beneficial in given deployment scenarios. 
It is assumed that UP and CP functions within a decentralised unit would not be separated because a decentralised unit should have the advantage of tightly coordinated processes close to the transmission point. On this basis it appears obvious that for each split architecture there would be different sets of UP and CP functions that could be separated. 
Then the question should be whether a list of UP and CP function would need to be defined for each split architecture. Similarly, it should be asked whether signalling between the entities hosting CP and UP functions would have to differ for each split option. The complexity and benefits of this system would have to be evaluated.

Question 4: Should it be assumed that identified UP and CP functions should always work in a separated way or should there be flexibility in separating only some of these functions?
This question should assess whether a CP/UP separation would need to be fixed, i.e. based on the same set of functions always been treated as separated. It seems advantageous to allow the NR system to be flexible and therefore to allow, depending on deployment conditions and requirements, which are the UP and CP functions that would need to be separated.

Question 5: Assuming that it is beneficial to maintain flexibility on which functions need to be separated, is it feasible and beneficial to standardise a function distribution and why?
As explained above it seems beneficial to allow the NR system to be flexible about the UP and CP functions that should be separated. Such level of separation depends on requirements based on the benefits separation can provide. 
In such a flexible system it is plausible to ask whether standardisation is feasible at all. In fact, a standardised system is in a way the opposite of a flexible system. Specifications would freeze the way functions can be designed, distributed and the way they communicate amongst each other. Clearly a standardised system becomes an obstacle to flexibility. 
If a system supporting UP and CP functions separation would need to be standardised it would have to be explained why this is needed, what are the advantages of such approach and whether this is in line with the principle of flexibility. 

Question 6: Should UP/CP functions separation be considered for NR only or should it also involve LTE? How would NR/LTE tight interworking be affected by a system where UP and CP functions are separated?
The New RAN is formed by both the eLTE and the NR accesses. These accesses are supposed to work in a tightly coordinated way to provide efficient radio resources utilisation and superior performance. It is therefore appropriate to ask whether the CP-UP separation should involve the NR access only or both NR and eLTE. It should also be analysed how a CP-UP separation would affect the eLTE-NR tight interworking.

Question 7: If any standardisation is considered needed, what are the benefits and drawbacks of such work and what would be acceptable as the scope of such work?
Finally, if RAN3 decides that a standardised system is needed to support UP/CP separation, an analysis of both the benefits and drawbacks of such approach should be listed. It should be explained whether there are technical benefits in such approach or whether the main goal is achieving interoperability between different UP/CP functions providers. If the main benefit is the latter, it should be realistically analysed whether functions whose design has so far been left to implementation can conform to a standardised design and be truly interoperable. This should be compared to the disadvantages of a standardised approach, which are to limit implementation optimisation and to limit a design that allows freedom on how to tightly coordinate UP and CP processes.
Conclusion
This paper analysed the topic of CP/UP separation and provided a number of areas in which studies shall be carried out to understand whether it is feasible and beneficial to design a system where UP and CP functions are separated.
It is proposed to capture the questions provided in section 2 in TR38.801, so to develop an appropriate framework where it can be assessed what are the challenges, benefits, feasibility and constraints of a system supporting UP/CP separation.
Proposal: it is proposed to capture the questions in Section 2 in TR38.801.
A TP is proposed below
Text Proposal
-----------------------------------Start of Changes-----------------------------------
6.1.3	UP-CP Separation
Editor’s note: This section should capture an analysis on UP-CP separation based on identification of UP and CP functions, justification of the benefits in separating such functions into separate RAN entities and whether a dedicated RAN architecture for support of UP-CP separation is beneficial and feasible
The following questions are relevant to understand benefits, drawbacks, feasibility and constraints of requiring a system that supports separation of CP and UP functions. These questions should be answered in order to study the area of CP-UP separation.

Question 1: What is a UP or CP function? How can such functions be defined?

Question 2: What is the benefit of separation of CP and UP functions?

Question 3: How should CP and UP functions be separated when considering RAN protocol split architectures?

Question 4: Should it be assumed that identified UP and CP functions should always work in a separated way or should there be flexibility in separating only some of these functions?

Question 5: Assuming that it is beneficial to maintain flexibility on which functions need to be separated, is it feasible and beneficial to standardise a function distribution and why?

Question 6: Should UP/CP functions separation be considered for NR only or should it also involve LTE? How would NR/LTE tight interworking be affected by a system where UP and CP functions are separated?

Question 7: If any standardisation is considered needed, what are the benefits and drawbacks of such work and what would be acceptable as the scope of such work?


6.1.3.1	UP and CP Functions Description and Grouping
Editor’s note: This section should capture a description of possible CP and UP functions, potential grouping of such functions taking into account possible RAN internal architectures and the benefits of such grouping schemes
6.1.3.2	RAN architecture and interfaces for UP-CP Separation
Editor’s note: This section should capture an analysis of whether it is beneficial and feasible to define specific RAN architectures and interfaces to support CP-UP separation

-----------------------------------End of Changes-----------------------------------
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