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[bookmark: foreword][bookmark: _Toc49857364][bookmark: _Toc49857923]
Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
[bookmark: introduction][bookmark: scope][bookmark: _Toc49857365][bookmark: _Toc49857924]
1	Scope
The present document provides descriptions of use cases and solutions with regard to enhancement of Radio Access Network (RAN) slicing for NR.
[bookmark: references][bookmark: _Toc49857366][bookmark: _Toc49857925]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: definitions][bookmark: _Toc49857367][bookmark: _Toc49857926]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc49857368][bookmark: _Toc49857927]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
[bookmark: _Toc49857369][bookmark: _Toc49857928]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc49857370][bookmark: _Toc49857929]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] 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 [1].
<ABBREVIATION>	<Expansion>
[bookmark: _Toc527969756][bookmark: _Toc894][bookmark: _Toc49857371][bookmark: _Toc49857930]4	General
Editor Note: capture the general descriptions
[bookmark: clause4][bookmark: _Toc49857372][bookmark: _Toc49857931][bookmark: _Hlk49428727]5	Study mechanisms to enable UE fast access to the cell supporting the intended slice
[bookmark: _Toc49857373][bookmark: _Toc49857932]5.1	Slice based cell reselection under network control
[bookmark: _Toc248178753][bookmark: _Toc527969759][bookmark: _Toc7688][bookmark: _Toc49857374][bookmark: _Toc49857933][bookmark: _Toc527969760][bookmark: _Toc18507][bookmark: _Hlk46760209]5.1.1	Scenario and issue description
Editor Note: capture the description of scenario and issue.
General description for the scenario:
•	Multiple and different slices can be supported on different frequencies
•	Multiple and different slices can be supported on the same frequency in different regions.  
Editor Note: Additional scenarios can be discussed as part of the study.
[bookmark: _Hlk49425148]For each scenario we study both IDLE and INACTIVE and determine whether there is need for a solution and possible solutions. Connected mode will also be considered but with a lower priority.  
[bookmark: _Hlk49425271]We will investigate whether the R15 mechanism (e.g. dedicated priority mechanism) can solve the above issues and study if some enhancements are needed.
Editor Note: Both cell selection and cell re-selection will be studied.


[bookmark: _Hlk49434829]Figure 5.1.1-1: An example for slice deployment scenario
As shown in figure 1, slice1 (e.g. eMBB) is supported in both F1 and F2 everywhere, since the frequency resources are so valuable and the top requirement for all operators’ 5G network is to serve millions or billions of smart phone users. Slice2 (e.g. URLLC) is supported only in F2 in some area, e.g. factory or hospital. 
Area 1 is deployed in the factory or hospital. In this area, F1 supports slice1 (e.g. eMBB), while F2  supports both slice 1 and slice 2 (e.g. eMBB and URLLC). 
Area 2 is the public area. F1 and F2 all supporting slice1 (e.g. eMBB) for smart phone users, no slice2 (e.g. URLLC) is supported in area 2. And F2 is deployed as hotspot to provide wideband access.
eMBB and URLLC slices are used only as an example of various slices. The deployment of any slice on any frequency band is up to network implementation.

[bookmark: _Toc49857375][bookmark: _Toc49857934]5.1.2	Solutions 
Editor Note: Capture the solutions for the scenario and issue.
[bookmark: _Toc49857376][bookmark: _Toc49857935]5.2	Slice based RACH configuration or access barring
[bookmark: _Toc49857377][bookmark: _Toc49857936]5.2.1	Scenario and issue description
Editor Note: capture the description of scenario and issue.
[bookmark: _Hlk49425161]It will be studied how to enable UE’s fast access for the intended slice with slice-based RACH resources/configuration and RACH parameters prioritization, and whether identified issues can be solved by legacy mechanisms.    
[bookmark: _Toc49857378][bookmark: _Toc49857937]5.2.2	Solutions 
Editor Note: Capture the solutions for the scenario and issue.
[bookmark: _Toc49857379][bookmark: _Toc49857938]6	Study necessity and mechanisms to support service continuity
[bookmark: _Toc49857380][bookmark: _Toc49857939]6.1	Scenario and issue description
Editor Note: capture the description of scenario and issue.
[bookmark: _Toc49857381][bookmark: _Toc49857940]Editor Note: The proposed scenarios listed in this clause remain to be evaluated and updated. 
The following two scenarios are considered to support service continuity.
Scenario 1: Slice resource shortage in case of Intra-RA mobility and Inter-RA mobility


Figure  6.1-1: Service interruption due to slice resource shortage
As shown by Figure  6.1-1, the UE’s ongoing slice(s) is/are supported by both the source and the target NG-RAN node. At the time of handover, the target node fails to accept the UE with at least one of the ongoing S-NSSAIs due to e.g. high slice-related load at the target node. Under such circumstance, the service(s) for failed ongoing slice(s) is/are interrupted for the UE. 
Editor Note: The study shall analyse the implications of slice remapping in these conditions, e.g. whether or not the remapping of a slice to the re-mapped S-NSSAI, may create an issue of overload in the re-mapped S-NSSAI. 
Scenario2: Non-supported slice in case of Inter-RA mobility


Figure  6.1-2: Service interruption due to slice not supported
As shown by Figure 6.1-2, the UE is moving towards an area that does not support at least one of UE’s ongoing slices. The target node fails to accept the UE with at least one of the ongoing S-NSSAIs. Under such circumstance, the service(s) for failed ongoing slice(s) is/are interrupted for the UE.
Editor Note: It needs to be analyzed whether, for a well defined SLA and a correctly defined Registration Area in which the slice needs to be available, the slice services should be available also outside of the RA.
6.2	Solutions 
Editor Note: Capture the solutions for the scenario and issue.
[bookmark: _Toc49857387][bookmark: _Toc49857946][bookmark: _Toc49857382][bookmark: _Toc49857941]6.2.1	Re-mapping Policy in target NG-RAN node
Editor note: Feasibility of this solution at system level requires further work including checking with SA2.

In solutions where the target NG-RAN node decides the re-mapping at incoming handover, the target NG-RAN node should be aware of the re-mapping policy for the involved PDU session. The following options are available:

Configuration in target NG-RAN node

This option assumes that the remapping policy is rather static because it should have been validated by the tenant or the operator.  
Therefore, the NG-RAN node is configured in advance with the re-mapping policy by the OAM. 
In this option, the granularity of the re-mapping policy is per slice i.e. for each supported S-NSSAI, the target NG-RAN node is configured with a list of possible re-mapped S-NSSAI(s) as follows:
· S-NSSAI 1 <> re-mapped list (S-NSSAI 10, S-NSSAI 11)
· S-NSSAI 2 <> re-mapped list (S-NSSAI 12, S-NSSAI 13)

Signaling in NG Setup Response

The NG-RAN node has received in advance the re-mapping policy in the NG Setup Response message (or any update in the AMF configuration Update message) from the CN. 
In this option the granularity of the re-mapping policy is the slice i.e. for each S-NSSAI supported by the target NG-RAN node, the CN includes in the NG Setup Response (respectively AMF Configuration Update) message an associated list of possible re-mapped S-NSSAI(s).

Signaling in NG Handover Request 

At the time of handover, the CN includes in the NG Handover Request message the current PDU Session, the associated S-NSSAI and also the list of S-NSSAI(s) to which this PDU session can be re-mapped.
In this option the granularity of the re-mapping policy can be either:
· Per PDU session (using same principles as slice association in PDU Session Setup)
· Per UE: even though signaled for the involved PDU session, the choice of possible re-mapped slices for a given slice is a general policy for the UE.

Example of per UE policy:
UE 1, any PDU session of S-NSSAI 1 <> re-mapped list (S-NSSAI 10, S-NSSAI 11)
UE 2, any PDU session of S-NSSAI 1 <> re-mapped list (S-NSSAI 12, S-NSSAI 13)

Example of per PDU session policy:
UE 1, PDU Session 1, S-NSSAI 1 <> re-mapped list (S-NSSAI 10, S-NSSAI 11)
UE 1, PDU Session 2, S-NSSAI 1 <> re-mapped list (S-NSSAI 12, S-NSSAI 13)
UE 2, PDU Session 3, S-NSSAI 1 <> re-mapped list (S-NSSAI 14, S-NSSAI 15)


Signaling from Source NG-RAN node 

When the PDU session is created in the source NG-RAN node, the CN includes in the NGAP PDU Session Resource Setup Request message (or the Initial Context Setup Request message or the NG Handover Request message) the S-NSSAI associated with the PDU session and also the list of S-NSSAI(s) to which this PDU session can be re-mapped. 
At the time of subsequent Xn handover, the source NG-RAN node includes in the Xn Handover Request message the current PDU Session, the associated S-NSSAI and also the list of S-NSSAI(s) to which this PDU session can be mapped. 
In this option the granularity of the re-mapping policy can be either:
· Per PDU session (using same principles as slice association in PDU Session Setup)
· Per UE: even though signaled for the involved PDU session, the choice of possible re-mapped slices for a given slice is a general policy for the UE.

[bookmark: _Toc49857383][bookmark: _Toc49857942]6.2.2 	Slice Re-mapping Message Sequence Charts 
Editor note: Feasibility of this solution at system level requires further work including checking with SA2.
[bookmark: _Toc49857384][bookmark: _Toc49857943]6.2.2.1 	Slice Remapping decision in target gNB at Xn based handover


Figure 6.2.2.1-1: Slice re-mapping/fallback determined by the T-gNB
1. The S-gNB sends the HANDOVER REQUEST message to the T-gNB.
2. If the UE’s ongoing slice(s) is rejected in the target gNB, based on the slice re-mapping policy described in section 6.2.1, the T-gNB makes the slice re-mapping/fallback decision. The T-gNB may send the slice re-mapping/fallback decision in the HANDOVER REQUEST ACKNOWLEDGE message to the S-gNB.
3. The T-gNB shall send the slice re-mapping/fallback decision to the AMF through the PATH SWITCH REQUEST message.
4. The AMF responds the PATH SWITCH REQUEST ACKNOWLEDGE message. The AMF may reject the PDU sessions in the PDU Session Resource Released List IE.
[bookmark: _Toc49857385][bookmark: _Toc49857944]6.2.2.2 	Slice Remapping decision in target gNB at NG based handover


Figure 6.2.2.1-2: Slice re-mapping/fallback determined by the T-gNB
1. The S-gNB sends the HANDOVER REQUIRED message to the AMF. 
2. The AMF sends the HANDOVER REQUEST message to the T-gNB.
3. If the UE’s ongoing slice(s) is rejected in the target gNB, based on the slice re-mapping policy described in section 6.2.1, the T-gNB shall include the re-mapped/fallback decision in the HANDOVER REQUEST ACKNOWLEDGE message to the AMF.
4. The AMF may send the slice re-mapping/fallback decision to the S-gNB through the HANDOVER COMMAND message.

[bookmark: _Toc49857386][bookmark: _Toc49857945]6.2.2.3 	Slice Remapping decision in 5GC at NG based handover


Figure 6.2.2.1-3: Slice re-mapping/fallback determined by the AMF
1. The S-gNB sends the HANDOVER REQUIRED message to the AMF. 
2. If the UE’s ongoing slice(s) is not supported by the T-gNB, the AMF may make the slice re-mapping/fallback decision and include the decision in the HANDOVER REQUEST message to the T-gNB.
3. The T-gNB responds to the AMF through the HANDOVER REQUEST ACKNOWLEDGE message. 
4. The AMF may send the slice re-mapping/fallback decision to the S-gNB through the HANDOVER COMMAND message.
7	Conclusion


[bookmark: tsgNames][bookmark: _Toc49857388][bookmark: _Toc49857947]
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