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1
Introduction 

In this solution, inorder to isolate the usage of slices by the UE, the UE is allocated different identities to use with sets of S-NSSAIs that require isolation. So, for example, the UE is allocated SUPI1/GPSI1 for S-NSSAI1, and SUPI2/GPSI2 for S-NSSAI2 if S-NSSAI1, and S-NSSAI2 require isolation. This ensures that the UE can never use the S-NSSAIs requiring isolation simultaneously. 

The network or operator ensures that the UE profile is created accordingly. Hence there is no need for real-time checking by the  network. Furthermore, UE profile can be updated by the network any time using existing procedures.
To support that, the UE will be provisioned with a User Profile associated with a single subscription with a primary SUPI, but will also be allocated an independent secondary SUPI/ GPSI (s) for every  set of S-NSSAIs that has be used independently. These additional secondary SUPI (s),  GPSIs and the compatible S-NSSAI(s) they are bound to, can also be used to authenticate the UE if the S-NSSAI(s) require secondary authentication.
NOTE :  The usage of the term primary and secondary SUPI is to facilitate the description

There will be a single secondary SUPI associated with every set of compatible slices(s).  However, the number of GPSIs depend on how many S-NSSAIs in the compatible slices require network authorization. There will also be a distinct secondary SUPI per set of compatible slices.

The secondary SUPI enables the UE to request the network to use a new set of compatible S-NSSAIs reusing the exiting Registration procedure but with a new registration type.
After acquiring the Associated-Identifiers following initial UE registration, if the UE wants to use a different S-NSSAI (s) in a different set,  the UE initiates a new type of registration, for swapping set of slices. This new Registration type reuses the same security association of the primary SUPI. This new Registration type instructs the AMF to terminate all activity with the currently registered Identifier regarding the bound S-NSSAI(s) for the registered identifier; meaning all PDU sessions using the S-NSSAI(s) are terminated. The new S-NSSAI(s) associated with the Registering secondary SUPI  of an Associated-Identifier will be the new Allowed NSSAI.

Only one SUPI (primary or  secondary SUPI) can be registered at a time when an initial 5G  registration includes Associated-Identifiers in the Registration Accept response.

Only the  primary SUPI associated with the subscription registers and/or deregisters the UE completely. 
A secondary SUPI  cannot explicitly deregister, except through a  Registration for swapping slices of another Secondary SUPI, including  the primary SUPI . Hence, the deregistration of any secondary SUPI is implicit by the registration of another (secondary or primary SUPI for slice swapping), and the AMF clears the PDU sessions associated with the implicitly deregistered SUPI. 
When it comes to subscription data, all  subscription data in the profile applies to primary SUPI and secondary SUPIs included in the Registration Accept response.
The UE will always initially register the 5G primary SUPI.
A Registration for swapping slices refreshes the primary SUPI registration. A regular primary SUPI registration equally refreshes the registration regardless of the currently registered Secondary SUPI.
2
Proposal

It is proposed to include the following into TR 23.700-40.

*** Start of changes ***
6.0
Mapping Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues

	Solution#'s
	Solution Titles
	Key Issue#'s

	1
	PCF measurement based Network Slice SLA control for Maximum Number of UEs parameter
	1

	2
	Max number of UEs per Network Slice control at registration
	1

	3
	AMF/NSSF based counting of UEs in a Network Slice
	1

	4
	NWDAF enhancements for supporting of network slice quota on the maximum number of UEs
	1

	5
	NWDAF enhancements for supporting of network slice quota on the maximum number of PDU Sessions
	2

	6
	PCF-based counting of PDU Sessions in a Network Slice
	2

	7
	Support of Network Slice SLA for Maximum Number of PDU sessions parameter
	2

	8
	AMF and O&M based solution
	1, 2 & 4

	9
	Monitoring multiple quotas of number of UEs/PDU Sessions per S-NSSAI at NWDAF
	1, 2 & 4

	10
	Max number of PDU Sessions per Network Slice control via NSQ function
	2

	11
	Handling maximum number of sessions using NF status
	2

	12
	NSQ assisted dynamic adjustment of data rate per slice via NAS signaling
	5

	13
	Limitation of data rate per network slice in UL and DL per UE
	3

	14
	UE-Slice-AMBR adjustment to meet the limitation of data rate per Network Slice
	5

	15
	Using Back-off timer
	1

	16
	Slice data rate enforcement and dynamic adjustment
	5

	17
	Support of radio spectrum attribute by CN assisted RAN control
	7

	18
	Proactive Slice Quota Management in AMF
	1, 2, 4, 5

	19
	Support of network slice quota control and enforcement
	1, 2 & 5

	20
	Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
	3 & 5

	21
	Limitation of data rate per network slice in UL and DL per UE without RAN involvement
	3

	22
	Solution on limitation of data rate per Network Slice in UL and DL per UE
	3

	23
	Network slice quota event notification
	4

	24
	NSQ assisted dynamic adjustment of data rate per slice via user plane adjustment
	5

	25
	Enforcement of MBR UL/DL per S-NSSAI
	5

	26
	Network controlled enforcement of simultaneous usage of network slices based on user preference
	6

	27
	Network slices simultaneous usage incompatibility support
	6

	28
	Constraints on simultaneous use of the network slice
	6

	29
	Providing Operating Band Information in the Configured NSSAI
	7

	30
	Preferred frequency bands in Configured NSSAI
	7

	31
	Steering the UE to a network slice in a different frequency band
	7

	X
	Separate SUPI/GPSI per isolated S-NSSAI
	6


*** Next change ***
6.X
Solution #X: Separate SUPI/GPSI per isolated set of S-NSSAIs
6.X.1
Introduction 

This solution addresses KI#6 “Constraints on simultaneous use of the network slice”.
6.X.2
High-level Description
In this solution, inorder to isolate the usage of slices by the UE, the UE is allocated different identities to use with sets of S-NSSAIs that require isolation. So, for example, the UE is allocated SUPI1/GPSI1 for S-NSSAI1, and SUPI2/GPSI2 for S-NSSAI2 if S-NSSAI1, and S-NSSAI2 require isolation. This ensures that the UE can never use the S-NSSAIs requiring isolation simultaneously. 

The network or operator ensures that the UE profile is created accordingly. Hence there is no need for real-time checking by the network. Furthermore, UE profile can be updated by the network any time using existing procedures.

To support that, the UE will be provisioned with a User Profile associated with a single subscription with a primary SUPI, but will also be allocated an independent secondary SUPI/ GPSI (s) for every set of S-NSSAIs that has be used independently. These additional secondary SUPI(s), GPSIs and the compatible S-NSSAI(s) they are bound to, can also be used to authenticate the UE if the S-NSSAI(s) require secondary authentication.

NOTE :  The usage of the term primary and secondary SUPI is to facilitate the description.
There will be a single secondary SUPI associated with every set of compatible slices(s).  However, the number of GPSIs depend on how many S-NSSAIs in the compatible slices require network authorization. There will also be a distinct secondary SUPI per set of compatible slices.

The secondary SUPI enables the UE to request the network to use a new set of compatible S-NSSAIs reusing the exiting Registration procedure but with a new registration type.

After acquiring the Associated-Identifiers following initial UE registration, if the UE wants to use a different S-NSSAI (s) in a different set, the UE initiates a new type of registration, for swapping set of slices. This new Registration type reuses the same security association of the primary SUPI. This new Registration type instructs the AMF to terminate all activity with the currently registered Identifier regarding the bound S-NSSAI(s) for the registered identifier; meaning all PDU sessions using the S-NSSAI(s) are terminated. The new S-NSSAI(s) associated with the Registering secondary SUPI of an Associated-Identifier will be the new Allowed NSSAI.

Only one SUPI (primary or secondary SUPI) can be registered at a time when an initial 5G registration includes Associated-Identifiers in the Registration Accept response.

Only the primary SUPI associated with the subscription registers and/or deregisters the UE completely. 

A secondary SUPI cannot explicitly deregister, except through a Registration for swapping slices of another Secondary SUPI, including the primary SUPI. Hence, the deregistration of any secondary SUPI is implicit by the registration of another (secondary or primary SUPI for slice swapping), and the AMF clears the PDU sessions associated with the implicitly deregistered SUPI. 

When it comes to subscription data, all subscription data in the profile applies to primary SUPI and secondary SUPIs included in the Registration Accept response.

The UE will always initially registers the 5G primary SUPI.

A Registration for swapping slices refreshes the primary SUPI registration. A regular primary SUPI registration equally refreshes the registration regardless of the currently registered Secondary SUPI.
Regarding NSSAI  configuration, the AMF will receive all sets of slices from UDM during the registration procedure (divided as described). AMF then sends a single list including all S-NSSAIs to NSSF (i.e. as per existing Subscribed S-NSSAIs). NSSF returns the configured S-NSSAIs to AMF. AMF then associates each S-NSSAI as needed to be returned based on the registering SUPI (primary or secondary).
That keeps NSSF agnostic to these secondary SUPIs.
6.X.3
Procedures
6.X.3.1 Initial Registration of Default SUPI

The call flow below shows the typical registration for 23.502 with the added impacts from the solution in bold. 

UDM will have to be pre-configured with the Associated-Information in the UE profile. 
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· It can be seen in step 14b, that the UDM will be configured with addition Associated-Identifier Information element  (IE)  as additional element in the Access and Mobility subscription related data. The Associated-Identifier Information element may contain a list of SUPIs, GPSIs and related subscribed S-NSSAIs for each SUPI/GPSI. This information is returned in step 14b, and it is stored in AMF, and the AMF creates a Configured NSSAI per Associated-Identifier. If this is a periodic Registration, then AMF does not impact the currently registered Associated-Identifier, if applicable. 

For each associated Identifier there is a single distinct secondary SUPI associated with every set of compatible slices(s).  However, the number of GPSIs depend on how many S-NSSAIs in the compatible slices require network authorization.
-
In step 21, Associated-Identifiers and the related Configured NSSAI are included in Registration Accept. The UE stores this information just like the AMF. 
6.X.3.2
Registration  for swapping sets of Isolated slices
The Next call flow shows when the UE decides it wants to use a new slice associated with a new Associated-Identifier.

The call flow shows the impact of a Registration for swapping sets of  slices on the Registration procedure depicted in 23.502.

[image: image2.emf] 

14 c . Nud m_SDM_ S u bsc ribe  

New  AMF   AU S F   SMF  

(R)AN  

UE  

4   Nam f_Communication_UEContextTransfer  

1.  Registratio n  Request   ( swap   slice   set )  

PCF  

2. AMF selec tion  

3 . Reg istration  Reque st   ( swap   slice   set )  

Old  AM F  

6. Identity Req uest  

7. Identity Response  

8.  AUSF selection  

9. Au thent ication/Se cu r ity  

1 1 . Identity Request/Response  

EIR  

1 2 .  N5g - eir_ EquipmentIden tityCheck _Get  

1 3 .   U DM selection  

1 5 . PCF selection  

UDM  

10.  Namf_C ommuni ca tion_   Registration St a t usUpdate  

5 Na mf_Communication_UECont ext Transfer   r e sponse   (Asso ciated - Identifiers)  

14 d . Nudm_U E CM _ Deregistration Notify  

14a. Nudm_UE C M_Registration  

14b. Nudm_S DM _Get  

14 e .   Nud m_SDM_ U nsubs c ribe  

2 1 . Registration Accept   (Ass ociated - Identifier s)  

2 2 . Regis tration Com ple te  

2 3 . Nudm_SDM_Info  

2 4 . Nudm_UECM_ Update  

16.   AM   Policy As sociation Establishment /Modificati on  

 

 

2 1 b . UE Policy Association Establis h men t  

19 a . Nu dm_UE CM _Regist ration  

19 b . Nudm_U ECM _ De r egistr ation Notify  

19 c . Nudm_SDM_Unsu bscribe  

23a.  N2  m essage  

25.  Network Slice - Spec ific  Authe n tic ation and Authoriz ation    

UE selects Associated-Identifier corresponding to S-NSSAI  25. Network Slice-Specific Authentication and Authorization  

5b.  AMF  Act ion   based on  re gistering   Ide ntifier     25.  Networ k S lice - Spec ific  Authentication   and Authoriz ation    

1 4g .  Tear  down   all PDU sessions associated with the   old - Identifier     25.  Networ k S lice - Spec ific Authe ntication and  Authoriz atio n    

14f.  Update  Store  Associated - Identifie rs . AMF  validates the received  Associated  - Identifie rs     25.  Network S lice - Spec ific  Authen tica tion and  Authoriz ation    

Store Associated-Identifiers  25. Network Slice-Specific Authentication and Authorization  


· It can be seen in step 0 the UE selected the Associated-Identifier corresponding to the requested S-NSSAI (created based on the Configured NSSAI for the selected Associated-Identifier) and initiated registration with the secondary SUPI associated with the selected Associated-Identifier for swapping slices using a new Registration Type.
· In steps 1 and 3, and if this is a Registration for swapping slices, and not e.g. an initial or mobility registration, then the AMF will need to acquire Associated-Identifiers from the old-AMF, in addition to other information.

· In step 5, AMF receives Associated-Identifiers.

· In step 5b, AMF validates the registering Associated-Identifier. The AMF always uses the primary SUPI for the interaction with UDM.
· In step 14f, the new AMF updates/Stores the received Associated-Identifiers received from step 5b if any.

· In step 14g, the AMF tears down all PDU session associated with the deregistering SUPI (secondary SUPI for an Associated-Identifier or primary SUPI).

· In step 21, Associated-Identifiers may be included in Registration Accept and the related Allowed NSSAI. The UE stores this information just like the AMF if received.  Since this a Registration for swapping set of isolated slices the new GUTI, is based on the primary SUPI. 
6.X.4
Impacts on services, entities and interfaces
The following impacts are foreseen by this solution:

UE:

-
Handles Associated-Identifiers and related information (e.g. Configured NSSAI, Allowed NSSAI, secondary SUPI, etc..) received in Registration Accept (or UE Configuration Update).

-     Support the new registration type for swapping sets of isolated slices.

AMF:

-
Supports the new registration type, and support required handling when the primary SUPI/Secondary SUPI of Associated-Identifier registers for swapping sets of isolated slices.
UDM:

-
Supports the provisioning of Associated-Identifiers and subscribed S-NSSAIs per Associated-Identifier, part of the Access and Mobility subscription data.
*** End of changes ***
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