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1 Introduction
In this paper, before the technical discussion of the RAN slicing definition, a general methodology to define a Network Slicing is given. Firstly we analyze the profile of the RAN slicing service and lead to a set of key tech-factors definitions to replace a general statement. Secondly based on the usecases of flexible networking, the key tech-factors are mapped to physical function unit. Then, four basic RAN Network Functions (NFs) are summarized up. Finally, some key principles and proposals are listed.
2 The definition of RAN slicing and NFs
Discussion

In TR 23.799 [2], it is described that “Network slicing enables the operator to create networks customised to provide optimized solutions for different market scenarios which demands diverse requirements, e.g. in the areas of functionality, performance and isolation.” 

NGMN document [NGMN Alliance: "Description of Network Slicing Concept", 2015 (http://www.ngmn.org/publications/technical.html).] describes the Network Slice as: 
“Network Slice Instance: a set of network functions, and resources to run these network functions, forming a complete instantiated logical network to meet certain network characteristics required by the Service Instance(s)” 
“The Network Slice Instance may be composed by none, one or more Sub-network Instances, which may be shared by another Network Slice Instance.”

For the core network, there has been common consensus about the definition of the CN slicing. The design of CN slicing is based on the different service request from diverse traffic scenarios. It is easy to collect some common NFs, after clarifying the traffic type.
From the above description, the definition of Radio Access Network slicing can follow similar analysis. In order to conclude an explicit definition of a specific network slicing, and further find out an appropriate way to split network slicing into several NFs, a methodology is proposed as bellow:

1) Clarify the clients of the network service, and list the service content details;

2) Based on the service content, summarize the key technical factor, then get out the profile of network slicing definition by a set of factors.
3) With the consideration of the flexible networking requirements, map the technical factors to the processing functional entity, then construct the basic NFs definition.
The Definition of Radio Access Network Slicing

Based on the above logic, in this proposal, we focus on the RAN slicing topic. First, we need to define the service content provided by radio access network. The radio access network is located between Core Network and Terminal user, and plays the connection role in the network, so we can define the RAN service from two aspects:
· From the UE side, the RAN provides the wireless signal coverage service. UE communicates with the network by air interface. This coverage may be referred to as wireless coverage sub-network.

· From the CN side, the RAN provides the QoS guaranteed link service for one CN slicing to transfer the data between CN and UE by the mapping the Radio bearers e.g. E-RAB to RB. This service may be referred to as radio access service sub-network.
1) Wireless Coverage Sub-network

To describe the coverage service, there are main three dimensions including the geographic region, the occupied radio resource and the communication capability, getting down to the details:
· Geographic Region: The description for spatial dimension, can be abstracted by a set of Transmission Reception Points (TRPs). If a group of TRPs are definitely identified, the edge and range of the sub-network will be confirmed;
· Occupied Radio Resource: the communication resource of RAN can be characterized by frequency, bandwidth, timeslot and etc. Within the same coverage, two different wireless coverage subnetwork instances should have the total orthogonal radio-resource. ;
· Access capability: it is usually defined by Radio Interface Type (RIT) (e.g. eMBB, mMTC, or URLLC), providing diverse air interface for different QoS.;
Observation 1: Wireless Coverage Sub-network slicing should be defined by the three key tech-factors, expressed by the array [TRP, RRs, RIT]. Within one Wireless Coverage sub-network slicing, it should have the same RRs and RIT configuration.
2) Radio Access Service sub-network
To describe the access service, it is feasible to classify the type of information interaction with CN into Control Plane(CP) and User Plane(UP). For UP, it is easy to use the E-RAB type, connection quantity, and the QoS(e.g. ARP, GBR) refer to its key factors. Considering the scenario of URLLC, one Radio Access Service sub-network slice will have several UP anchors. For CP, it is used to receive signalling from CN to control and manage the RAN slicing. One RAN slicing should have only one CP Anchor.
Observation 2: Radio Access Service sub-network should be defined by one CP Anchor and a set of UP Anchors, expressed by the array [CP Anchor, UP Anchors].
3) The definition of RAN slicing
As shown above, the analysis of Radio Access Network service starts from two independent sides. So the two concepts of the Radio Access service sub-network and the Wireless Coverage Sub-network are entirely logically independent. When constructing a RAN slice, there is no binding relationship to select the sub-network instances and one Wireless Coverage Sub-network can be reused by two RAN slicing instances.
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Figure 1. Sharing Radio coverage sub-network Instance between two RAN slicing Instances.
Based on the above assumptions, a definition for RAN Slicing can be provided as follow: 

The RAN slicing is defined as a combination of Radio Access Service sub-network and Wireless Coverage sub-network, providing network service whose characteristic can be expressed by {[TRPs, RRs, RIT], [TRPs, RRs, RIT]…., [CP anchor, UP anchors]}. With consideration of relationship between RAN and CN, there are some criterion to be obeyed as bellow:
a) Only one Radio Access Service sub-network instance in one RAN slicing instance;

b) Several Wireless Coverage sub-networks can be included in one RAN slicing instance;
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Figure 2. RAN slicing definition.

Proposal 1: RAN3 is kindly asked to consider the above RAN slicing definition for 5G NR.

Flexible networking usecases and RAN NF proposals
1) NF analysis for Wireless Coverage sub-network
The key tech-factors are expressed by [TRP, RRs, RIT], all of the flexible networking requirements are around these factors, some typical usecases are listed as bellow:
Usecase 1: Under the same set of TRPs, based on the dynamic changes in demand for wireless capacity, it is needed to adjust the radio resource assignment (e.g. the adjustment of bandwidth) among different Wireless Coverage sub-network instances.
Usecase 2: Under the separate set of TRPs, there exist the tidal effects. It is needed to support the share of the processing resource between different Wireless Coverage sub-network.
Usecase 3: Create or Delete a Wireless Coverage Sub-network instance, based on responsive command.

After mapping all of these networking requirement to the function entities, it is feasible to propose two kinds of logic network functions (Logic DU and Cell-Processing Function) by which we can easily realize the above functions.
a) Configurable DU to support more than one logic DU, achieving Radio Resource sharing.

b) Decoupling cell-processing and DU to support the sharing of Cell-processing resource.
c) Configurable network connection between cell-processing and DU to support rapid construction of Wireless Coverage sub-network instance.
Proposal 2: Wireless Coverage sub-network can be split into two NFs: Logic DU and Cell-Processing Function.  RAN3, in collaboration with RAN2, should further analyse the impact of the air interface.
2) NF analysis for Radio Access Service sub-network

The main flexible networking requirement for Radio Access Service sub-network is to support the different distance configuration between the UP/CP anchor and the related CN elements separately. For example, the ULRRC scenario require a close co-located deployment of UP anchors and GW. 
The usecases of the flexible composition of different kinds of NFs are very important. Different usecases will lead to various requirements of air interface interaction procedure. 

For example, the frequent transformation (several times per day) of the wireless coverage sub-network will lead to the desynchronization of the active UE. How to guarantee the communication is very important.
Proposal 3: Radio Access service sub-network can be split into two NFs: CP Function and UP Function. RAN3, in collaboration with RAN2, should further analyse the impact of the air interface.
3 Conclusions
In this paper, we have discussed the concept of RAN network slicing and a logic method on how to define a RAN slicing, the observations and proposals are given as below:
Observation 1: Wireless Coverage Sub-network slicing should be defined by the three key tech-factors, expressed by [TRP, RRs, RIT]. Within one Wireless Coverage sub-network slicing, it should have the same RRs and RIT configuration.

Observation 2: Radio Access Service sub-network should be defined by one CP Anchor and a set of UP Anchors, expressed by [CP Anchor, UP Anchors].
Proposal 1: RAN3 is kindly asked to consider the above RAN slicing definition for 5G NR.

Proposal 2: Wireless Coverage sub-network can be split into two NFs: Logic DU and Cell-Processing Function.  RAN3, in collaboration with RAN2, should further analyse the impact of the air interface.

Proposal 3: Radio Access service sub-network can be split into two NFs: CP Function and UP Function. RAN3, in collaboration with RAN2, should further analyse the impact of the air interface.
This paper also proposes to capture the following TP in the TR 38.801

	*** Change start ***


3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [2].

<ACRONYM>
<Explanation>
RIT                       Radio Interface Type

RR                        Radio Resource

TRP                      Transmission and Reception Points
	*** Change end ***


	*** Next change***


9
Realization of Network Slicing
9.1 Definition
The RAN slicing is defined as a combination of Radio Access Service sub-network and Wireless Coverage sub-network, providing network service whose characteristic can be expressed by {[TRPs, RRs, RIT], [TRPs, RRs, RIT]…., [CP anchor, UP anchors]}. With consideration of relationship between RAN and CN, there are some criterion to be obeyed as bellow:

a) Only one Radio Access Service sub-network instance in one RAN slicing instance;

b) Several Wireless Coverage sub-networks can be included in one RAN slicing instance;

9.2
Key principles for support of Network Slicing in RAN
The following key principles apply for support of Network Slicing in RAN
RAN awareness of slices
-
RAN shall support a differentiated handling of different network slices which have been pre-configured by the operator. How RAN supports the slice enabling in terms of RAN functions (i.e. the set of network functions that comprise each slice) is implementation dependent. 

Editor’s note: It is still FFS if 3GPP will still additionally want to standardize a few basic slices and the network functions that comprise them (e.g. eMBB, Massive MTC).
	*** Change end ***
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