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1 Introduction

Following the completion of the study item phase and the approval of the work item(s) related to 5G systems, it is necessary to begin the process of consolidating the information and findings acquired during the SI phase into stage 2 level normative specifications, which can progress the standardization towards complete specifications by the end of the release.
In this contribution we aim at assessing which parts of the NW slicing sub clause in [1] can be used to build the corresponding sub clause in the new Stage 2 TS 38.300 and make some proposals on structure and content.

2 Discussion
2.1 Overall Considerations

Looking at the content [1], it can be seen that a lot of information is already suitable to form a Stage 2 description of how NW slicing impacts the RAN. RAN3 has not drawn conclusions and agreements in a separate clause of the technical report, so it is necessary to take the input directly from the main sections of the TR and discuss such input by means of contributions like this one, while no major controversy should be expected in doing so.

One important consideration to further make is that such sub clause should also accommodate aspects which are not under the jurisdiction of RAN3, so it is desirable to agree on a structure allowing for example RAN2 to add radio interface aspects, when such become available (RAN2 has not progressed the subject of NW slicing very much so far, as can be seen in [2], so no major overlaps/conflicts are expected).

In the sections below we try to structure the available information into suitable sub clauses for the Stage 2 specification.

Observation 1 Large parts of the contents present in chapter 8 of [1] can already serve as input to Stage 2 specification(s) without major modifications.

Observation 2 Any proposed structure should accommodate input from other RAN working groups, for example RAN2.
2.2 General Principles and Requirements

There is a necessity for an introductory part on NW slicing general principles and key principles and requirements.

The following TR sections seem good candidates for such part:
· Key principles for support of Network Slicing in RAN 
· Validation of UE Rights to access a NW Slice

· Granularity of Slice Awareness
Observation 3 The ‘Key principles for support of Network Slicing in RAN’, ‘Validation of UE Rights to access a NW Slice’ and ‘Granularity of Slice Awareness’ could support an introductory part showing the main idea with NW slicing and the basic assumptions that were made so far in RAN3.

2.3 CN Instance and NW Slice Selection
When it comes to the mechanisms to select the appropriate CN instance, supporting the concerned NW slice(s), there are several alternatives for the signalling description of the mechanism in the technical report, which require some less than obvious discussion and hence are not handled in this contribution.

Here we instead suggest to create a suitable placeholder for this content and in particular to structure it in a way that it can separately accommodate RAN3 and RAN2 aspects, ease specification management (also when thinking that TS 38.300 is formally decided to be a RAN2 specification).
So we think it would be good to have a ‘CN Instance and NW Slice Selection’ sub clause, further divided into the following structure:
· CN-RAN interaction and internal RAN aspects
· Radio Interface aspects
We also think that the conclusion table in chapter 8 of the RAN3 technical report could be added directly to the RAN3 part of this sub clause, while the signalling flows could be, after further discussion, documented in a specific signalling sub clause.
Observation 4 There is a need for a separate Stage 2 sub clause on CN instance and NW Slice Selection, structured in a way to separate radio interface from CN-RAN interaction and internal RAN aspects.
Observation 5 The table summarizing the principles for CN instance selection may be possible to add already to the RAN3 part of such sub clause.
2.4 Resource Isolation and Management
One crucial aspect of NW slicing is resource isolation, and as a consequence resource management. For this, it appears appropriate to reserve a sub clause to this aspect and include the following:
· Resource Isolation between Slices

· Resource Management between Slices
Observation 6 There is a need for a separate Stage 2 sub clause on resource isolation and management aspect.
2.5 Mobility

Implications of mobility can be best observed by illustrating signalling flows, but we think that it would be more consistent to have a separate sub clause for signalling aspects where also mobility flows can be captured, and only have a separate mobility sub clause if it proves necessary later on.
Observation 7 Mobility signalling flows could be captured in an overall ‘signalling aspects’ sub clause.
2.6 Signalling Aspects

The existing TR sub clause on signalling aspects could be taken and used to form a counterpart Stage 2 sub clause covering NW slicing signalling flows. Mobility flows and CN instance selection flows could also be documented here.
Observation 8 It would be good to collect all signalling flows related to NW slicing into one ‘signalling aspects’ sub clause, including mobility and CN instance selection.
3 Conclusions and Proposals
In the above sub clauses, we have observed the following:
Observation 9 Large parts of the contents present in chapter 8 of [1] can already serve as input to Stage 2 specification(s) without major modifications.

Observation 10 Any proposed structure should accommodate input from other RAN working groups, for example RAN2.
Observation 11 The ‘Key principles for support of Network Slicing in RAN’, ‘Validation of UE Rights to access a NW Slice’ and ‘Granularity of Slice Awareness’ could support an introductory part showing the main idea with NW slicing and the basic assumptions that were made so far in RAN3.

Observation 12 There is a need for a separate Stage 2 sub clause on CN instance and NW Slice Selection, structured in a way to separate radio interface from CN-RAN interaction and internal RAN aspects.

Observation 13 The table summarizing the principles for CN instance selection may be possible to add already to the RAN3 part of such sub clause.
Observation 14 There is a need for a separate Stage 2 sub clause on resource isolation and management aspect.
Observation 15 Mobility signalling flows could be captured in an overall ‘signalling aspects’ sub clause.
Observation 16 It would be good to collect all signalling flows related to NW slicing into one ‘signalling aspects’ sub clause, including mobility and CN instance selection.

Hence, we propose the following for discussion and agreement:
Proposal 1 
It is proposed to discuss and agree to the below text proposal for the creation of a NW slicing chapter in TS 38.300. It should be noticed that to ease the discussion, the parts which were taken ‘verbatim’ (except for typo/minor corrections) from the RAN3 TR are highlighted in yellow.
4 Text Proposal for TS 38.300
It is assumed that the rapporteur of TS 38.300 will create a clause for NW slicing and add the below text.
X     RAN support of Network Slicing

X.1
General Principles and Requirements

In this sub clause, the general principles and requirements related to the realization of network slicing in the RAN are given.
Network Slicing is a
 concept to allow differentiated treatment depending on each customer requirements. With slicing, it is p
ossible for Mobile Network Operators (MNO) to consider customers as belonging to different tenant types with each having different service requirements that govern in terms of what slice types each tenant is eligible to use based on Service Level Agreement (SLA) and subscriptions. 
NSSAI (Network Slice Selection Assistance Information) includes one or more S-NSSAIs (Single NSSAI). Each network slice is uniquely identified by a S-NSSAI, as defined in TR 23.799 [X]. 
The following key principles apply for support of Network Slicing in NG RAN:
RAN awareness of slices
-
RAN 
supports a differentiated handling of traffic for different network slices which have been pre-configured. 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. 

Selection of RAN part of the network slice
-
RAN supports the selection of the RAN part of the network slice, by assistance information provided by the UE or the CN which unambiguously identifies one or more of the pre-configured network slices in the PLMN. 
Resource management between slices
-
RAN supports policy enforcement between slices as per service level agreements. It should be possible for a single RAN node to support multiple slices. The RAN should be free to apply the best RRM policy for the SLA in place to each supported slice.
Support of QoS
-
RAN supports QoS differentiation within a slice.
RAN selection of CN entity
-
For initial attach, the UE may provide assistance information to support the selection of CN entity. If available, RAN uses this information for routing the initial NAS to an NGC CP function. If the UE does not provide any such information the RAN sends the NAS signalling to a default NGC CP function. 
-
For subsequent accesses, the UE provides a Temp ID, which is assigned to the UE by the NGC, to enable the RAN to route the NAS message to the appropriate NGC CP function as long as the Temp ID is valid (RAN is aware of and can reach the NGC CP function which is associated with the Temp ID). Otherwise, the methods for initial attach applies.
Resource isolation between slices
-
RAN supports resource isolation between slices. RAN resource isolation may be achieved by means of RRM policies and protection mechanisms that should avoid that shortage of shared resources in one slice breaks the service level agreement for another slice. It should be possible to fully dedicate RAN resources to a certain slice. How RAN supports resource isolation is implementation dependent.
Slice Availability
-
Some slices may be available only in part of the network. Awareness in the RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode. It is assumed that the slice configuration does not change within the UE’s registration area.
-
The RAN and the CN are responsible to handle a service request for a slice that may or may not be available in a given area. Admission or rejection of access to a slice may depend by factors such as support for the slice, availability of resources, support of the requested service by other slices.
Support for UE associating with multiple network slices simultaneously

-
In case a UE is associated with multiple slices simultaneously, only one signalling connection is maintained.
Granularity of slice awareness
-
Slice awareness in RAN is introduced at PDU session level, by indicating the S-NSSAI corresponding to the PDU Session, in all signalling containing PDU session resource information.
Validation of the UE rights to access a NW slice 

· It is the responsibility of the CN to validate that the UE has the rights to access a NW slice.  Prior to receiving the Initial Context Setup Request message, the RAN may be allowed to apply some provisional/local policies, based on awareness of which slice the UE is requesting access to. During the initial context setup, the RAN is informed for all NW slices for which resources are being requested.
X.2    CN Instance and NW Slice Selection

X.2.1
   CN-RAN interaction and internal RAN aspects
RAN selects CCNF based on a Temp ID or assistance information provided by the UE over RRC. The mechanisms used in the RRC protocol are described in the next sub clause.
Table X.2.1-1 CCNF selection based on Temp ID and assistance information
	Temp ID
	Assistance Info
	CCNF selection by RAN

	NA or invalid
	NA
	Default CCNF is selected

	NA or invalid
	Present
	Selects CCNF which supports UE requested slices

	Valid
	NA or present
	Selects CCNF per CN identity information in Temp ID


X.2.2
   Radio Interface Aspects
FFS (RAN2)
X.3    Resource Isolation and Management
Resource isolation enables specialized customization and avoids one slice affecting another slice. 
Hardware/software resource isolation is up to implementation. Each slice may be assigned with either shared or dedicated radio resource up to RRM implementation and SLA.
To enable differentiated handling of traffic for network slices with different SLA:
-
RAN is configured with a set of different configurations for different network slices;

-
To select the appropriate configuration for the traffic for each network slice, RAN receives relevant information indicating which of the configurations applies for this specific network slice.
X.4    Signalling Aspects

X.4.1
   General
In this sub clause, signalling flows related to the realization of network slicing in the RAN are given.
X.4.1
   CN Instance and NW Slice Selection
FFS
X.4.2
   UE Context Handling

Following the initial access, the establishment of the RRC connection and the selection of the correct CN instance, the CN establishes the complete UE context by sending the Initial Context Setup Request message to the RAN over NG-C.

The message contains the S-NSSAI as part of the PDU session/s resource description.

Upon successful establishment of the UE context and allocation of PDU resources to the relevant NW slice/s, the RAN responds with the Initial Context Setup Response message.
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Figure X.4.2-1: NW Slice-aware Initial Context Setup
X.4.3
   PDU Session Handling
When new PDU sessions need to be established or existing ones modified or released, the CN requests the RAN to allocate/release resources relative to the relevant PDU sessions by means of the PDU Session Setup/Modify/Release procedures over NG-C. In case of network slicing, S-NSSAI information is added per PDU session, so RAN is enabled to apply policies at PDU session level according to the SLA represented by the NW slice, while still being able to apply (for example) differentiated QoS within the slice.

RAN confirms the establishment/modification/release of a PDU session associated to a certain NW slice by responding with the PDU Session Setup/Modify/Release Response message over the NG-C interface.
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Figure 8.8.3-1: NW Slice-aware PDU Session Setup/Modify/Release
X.4.4
   Mobility
To make mobility slice-aware in case of Network Slicing, S-NSSAI is introduced as part of the PDU session information that is transferred during mobility signalling. This enables slice-aware admission and congestion control.
X.4.4.1 Connected Mode Mobility
An example for the case of active mode mobility across different Registration Areas, is shown in Figure X.4.2.1-1 for the case of CN involved handover. 
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Figure X.4.4.1-1: Active mode CN involved mobility across different Registration Areas
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�‘shall’ replaced with present tense as this is Stage 2 description, same for clauses below
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