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1  Introduction
In RAN3 #93 meeting, the issue of control/user plane separation was discussed, based on contributions [2] and [4]. As a result of this discussion, RAN3 have re-confirmed that “RAN architecture and interfaces for UP-CP Separation” are part of the RAN3 NR study. A TP for the TR 38.801 [1] has been agreed (in [5]), including a new subsection on UP-CP separation. 
To follow up on this, discussion in the present contribution we discuss certain aspects pertaining to the issue of C-plane/U-plane functions description and grouping, and try to provide a text proposal to be captured under the subsection 6.1.3 of TR38.801 [1].
2  Discussion
We first provide some high level considerations on control/user plane separation and describe two options to address this issue:

1. Separation between the RRC and the rest of L2 protocols

2. Additionally, separating the scheduler as a control plane function 
This is followed by a more detailed analysis of the NR RAN functions currently agreed in the TR 38.801 [1], which we attempt to group/classify into control or user plane categories. As we show below, while some functions can be easily categorized as control or user plane, some other functions (as currently defined e.g. in LTE) contain both control and user plane functionality and therefore RAN3 may need to consider splitting these functions into control and user plane components, at least for the purpose of the study.
1.1     High-level observations 

From the high level point of view, we can first attempt to separate control from user plane based on protocol stack entities. Using LTE PS as an example, it is trivial to see that the RRC is a control plane function and can be relatively easily separated from the rest of the L2 protocols, all of which have at least some control plane functionality. This option is essentially equivalent to the functional split option 1 (RRC in the CU, PDCP, RLC, MAC and PHY are in the DU) currently captured in the TR 38.801 [1], as illustrated by the diagram below.
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Figure 1. Option 1 of functional split between CU and DU

The benefit of such separation would be e.g. centralized handover decisions (across multiple cells) and others.

If we are to consider further control/user plane separation of the rest of the L2 protocol stack, then obviously each protocol layer has some control and user plane functionality, which could be a candidate for separation. However, since there will be certain complexity involved in doing so, such separation should be justified by expected gains. Therefore, we believe that then next best candidate for separation is the MAC scheduler. The benefit of such separation, on top of the benefits of the first option (RRC separation), would be centralized scheduling (as we elaborate in more detail below). However, this additional benefit comes at a cost of more stringent transport network latency requirements. 

This approach is in fact consistent with a suggestion proposed in RAN3#93 in [2]:
· ‘NR CP/UP separation is introduced in phased way: Rel-15 should target less delay-sensitive CP functions, e.g. RRC, whereas separation of synchronous CP functions is left for further releases’
That is, RRC separation can be introduced in the first phase, which can be followed by the MAC scheduler separation in the second phase. Regardless, we believe that both options should be studied in the current SI.
Based on above discussions, we propose to consider two options for control/user plane separation:
Option 1 – RRC separation 
In this option RRC is centralized and separated from the rest of the L2 protocols: PDCP, RLC, MAC and PHY.

The benefits of this option are: centralized handover decisions (across multiple cells), CN signaling reduction, better load balancing and improved inter-cell interference coordination. 
Option 2 – MAC scheduler separation
In this option MAC is centralized and separated from the rest of the functionality of the L2 protocols. It is reasonable to assume that option 2 will be used together with option 1.

The additional (on top of option 1) benefits of this options are: centralized scheduling and improved inter-cell interference coordination. However, these additional benefits come at a cost of significantly more stringent transport network latency requirements and increased complexity.
Proposal 1: it is proposed to agree the above two control/user plane separation options (RRC and MAC scheduler) for inclusion in the TR 38.801 [1]. 
1.2     RAN Functions grouping/classification
If we are to consider full control/user plane separation in RAN as the next step in the discussion on control/user plane separation, we may need to consider all the NR RAN functions and if possible, classify these as control or user plane. The following NR RAN functions are currently captured in the TR 38.801 [1]:

	Functions similar to E-UTRAN
	Functions specific for new RAN

	- Transfer of user data, 

- Radio channel ciphering and deciphering 

- Integrity protection

- Header compression, 

- Mobility control functions

 - Handover

- Inter-cell interference coordination 

- Connection setup and release 

- Load balancing

- Distribution function for NAS messages

- NAS node selection function

- Synchronization

- Radio access network sharing

- Paging 

- Positioning
	
- Network slice support


- Tight Interworking with LTE


- Multi-connectivity


- evolved E-UTRA NR handover


- Session management


- Contacting UEs in inactive mode


- Direct service support


- Interworking with non-3GPP systems


- evolved E-UTRA/E-UTRA NR handover via CN


- evolved E-UTRAN-NR inactive mode mobility


Table 1: NR Functions
While some functions from the above list can be easily classified as user plane (e.g. “transfer of user data”, “radio channel ciphering and deciphering”, “integrity protection”, “header compression”, etc) and some as control plane (e.g. “mobility control functions”, inter-cell interference coordination”, “load balancing”, “NAS node selection function”, etc), there are also functions which cannot be easily classified, as they contain both control and user plane functionality. Once such example is tight interworking with LTE function, as it contains interworking control functions which interacts with the LTE C-plane via Xn-C as well as flow splitting/data forwarding functions which interacts with the LTE U-plane via Xn-UP. 

Observation 1: while some NR RAN functions can be easily classified as control or user plane (and therefore relatively easily separated), some others contain both control and user plane functionality.
Therefore, in the table below we provide a list of the currently agreed NR RAN functions classified as follows: control plane only, user plane only, control and user plane (for functions which contain both control and user plane functionality). 

	C-plane functions
	U-plane functions
	C-plane and U-plane functions

	Mobility control functions:

-
Handover
	Transfer of user data
	Tight interworking with LTE

	Inter-cell interference coordination
	Radio channel ciphering and deciphering
	Multi-connectivity

	Connection setup and release
	Integrity protection
	evolved E-UTRA NR handover

	Load balancing
	Header compression
	Contacting UEs in inactive mode

	NAS node selection function
	
	Direct services support

	Synchronization
	
	Interworking with non-3GPP systems

	Radio access network sharing
	
	evolved E-UTRA/E-UTRA NR handover via CN

	Paging
	
	evolved E-UTRAN-NR inactive mode mobility

	Positioning
	
	Network slicing support

	Distribution function for NAS messages
	
	

	Session management
	
	


Table 1: NR Functions classification as control or user plane
Functions which are classified as control or user plane, are potential candidates for separations. However, functions in the third column of table 2 cannot be easily classified and therefore, if we are to attempt to separate control from user plane in all of NR functions, these functions themselves must be separated into control and user plane components. This task seems rather complex and a motivation should be demonstrated showing expected gains of such separation, if we are to attempt such full classification. With this being said, at least for the MAC scheduler separation it is reasonable to assume that there would be performance gains.
Observation 2: if we are to attempt control/user plane separation in all of NR RAN functions, some functions containing both control and user plane functionality must be separated into control and user plane components; the complexity of this task must be justified by potential gains.
Perhaps, as a first step in the study on control/user plane separation, rather than attempting “full separation”, it is more beneficial to discuss separation of select control plane functions (into a centralized entity), as suggested in the beginning of this contribution.

Proposal 2: as a first step in the control/user plane separation study, rather than attempting “full” separation of all NR RAN functionality, start by separating select control plane functions; RRC and MAC scheduler appear to be a good candidates.
1.3     Futher details on MAC scheduler separation
The MAC scheduler seems to lie somewhere between C-plane and U-plane, based on the following considerations. On one hand, it takes as input the buffer status of data radio bearers along with measurements and is very tightly coupled with the rest of MAC layer. Therefore MAC scheduler can be regarded as part of transfer of user data, a U-plane function. On the other hand, MAC scheduler is not directly involved in header compression, encryption, segmentation, multiplexing, transmission, re-transmission of user data and therefore can be separated from the U-plane and treated as a C-plane function. Moreover, the fundamental function of the MAC scheduler (i.e. scheduling) is essentially a control plane function, even though it is very tightly coupled with user plane functions.
We therefore propose that technical details of the MAC scheduler separation, along with the benefits and costs of such a solution are studied further.

Proposal 3: to study further the MAC scheduler separation, along with the benefits and costs of such a solution are studied further.
3  Conclusions and proposals

Based on the discussion above and the following observations:

Observation 1: while some NR RAN functions can be easily classified as control or user plane (and therefore relatively easily separated), some others contain both control and user plane functionality.
Observation 2: if we are to attempt control/user plane separation in all of NR RAN functions, some functions containing both control and user plane functionality must be separated into control and user plane components; the complexity of this task must be justified by potential gains.

We propose: 
Proposal 1: it is proposed to agree the above two control/user plane separation options (RRC and MAC scheduler) for inclusion in the TR 38.801 [1]. 
Proposal 2: as a first step in the control/user plane separation study, rather than attempting “full” separation of all NR RAN functionality, start by separating select control plane functions; RRC and MAC scheduler appear to be a good candidates.
Proposal 3: to study further the MAC scheduler separation, along with the benefits and costs of such a solution are studied further.

A text proposal for the TR 38.801 [1] is provided below.
3  Text proposal for TR 38.801 
--------------------------------------------Start of text proposal---------------------------------------------
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
Two high level options for control-user plane separation are considered in this study. 

Option 1 – RRC separation 
In this option RRC is centralized and separated from the rest of the L2 protocols: PDCP, RLC, MAC and PHY.

The benefits of this option are: centralized handover decisions (across multiple cells), CN signaling reduction, better load balancing and improved inter-cell interference coordination. 
Option 2 – MAC scheduler separation
In this option MAC is centralized and separated from the rest of the functionality of the L2 protocols. It is reasonable to assume that option 2 will be used together with option 1.

The additional (on top of option 1) benefits of this options are: centralized scheduling and improved inter-cell interference coordination. However, these additional benefits come at a cost of significantly more stringent transport network latency requirements and increased complexity.
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 text proposal-------------------------------------------
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