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Discussion
[bookmark: _Use_Case][bookmark: _Very_Short_Summary]Very Short Summary and Proposed Changes
In case subscribed NSSAI is updated while a UE is not registered (e.g. it is turned off or in 4G), current normative text results in the AMF missing configured NSSAI in some cases. Additionally, the method to force a UE re-registration is unclear and the UE could end up remaining in an undesired (albeit allowed) NSSAI.
It is proposed to clarify the case of Network Slice Subscription Change Indication (NSSCI) so that:
1. Indicate NSSF to return configured NSSAI in NSSCI case
· TS 23.502, clause 4.2.2.2.3: Add that if NSSCI is included by the UDM, AMF shall provide NSSCI indication to NSSF to retrieve an up-to-date configured NSSAI when using Nnssf_NSSelection_Get
2. De-registration Request including re-registration indication is used in NSSCI case to force the UE to re-register 
· TS 23.501, clause 5.15.5.2.2.: Clarify that a de-registration request with indication to re-register is used
· TS 23.502, clause 4.2.2.2.2.: Describe that if the AMF determines that a re-registration is required, the AMF may send to the UE a de-registration request indicating that re-registration is required after the Registration procedure
A detailed description of the identified gaps and proposed changes in included in the next section, as well as a comparison table including considered alternative approaches (Table 1 and Table 2).
An overview of the current procedures is additionally included in the last section, which provides further details, observations and references regarding the existing parameters and specified functionality.
Related CRs
· Rel'15 CR 4692 for TS 23.501, CR 4247 TS 23.502
· And mirror CRs:
· Rel'16 CR 4693 for TS 23.501, CR 4248 TS 23.502
· Rel'17 CR 4694 for TS 23.501, CR 4249 TS 23.502
· Rel'18 CR 4695 for TS 23.501, CR 4250 TS 23.502
Use Case
This discussion paper focuses on the following use case:
1. The UE is not currently registered on any network (e.g. it is turned off or UE is in 4G when slicing subscription changes are done in UDM)
2. During this time, the UE's subscription data is updated, such that an additional S-NSSAI (S-NSSAI B) is added to its subscribed NSSAI; e.g., real use case, a dedicated slice for specific services additionally to eMBB (S-NSSAI A)
3. The UE registers to the network with its current configuration, i.e. it requests S-NSSAI A
4. The network should trigger an update of the UE's slicing configuration and the UE should end up registered in S-NSSAIs A+B
An example of such a use case would be that of granting usage of an additional slice S-NSSAI B, e.g. for a specific customer/use case, to devices for which a current, "normal" subscription already exists using S-NSSAI A, e.g. the phones/equipment of said customer. It cannot be ensured that the customer's equipment is attached to the home (or any) network when the subscription is updated. 
[bookmark: _Current_procedure(s)]Identified Gaps and Proposed Changes
The following sub-sections describe in detail the two cases this discussion paper covers. The proposed changes aim to have no UE impact.
Configured NSSA not available to AMF because NSSF does not return it
When updating slice configuration is triggered by the UDM including a NSSCI, the AMF includes the configured NSSAI in the Registration Accept. Currently, the specification states the following:
· In the HPLMN, the S-NSSAIs in the Configured NSSAI provided as described in clause 5.15.4.2, at the time when they are provided to the UE, shall match the Subscribed S-NSSAIs for the UE (clause 5.15.4.1.1 of TS 23.501).
· The NSSF may return the Configured NSSAI for the Serving PLMN and the associated mapping of the Configured NSSAI to HPLMN S-NSSAIs (clause 5.15.5.2.1 of TS 23.501)
· configuredNssai […] shall be included if (Table 6.1.6.2.2-1 of TS 29.531):
· the NSSF did not receive any Requested NSSAI; or
· the Requested NSSAI includes an S-NSSAI that is not valid in the Serving PLMN; or
· the NSSF has received "defaultConfiguredSnssaiInd" set to "true".
It is not clear what the AMF should do if configured NSSAI is not returned by the NSSF:
· If the AMF does not receive configured NSSAI, it would not send it to the UE, but NSSCI would be set. In this case, clause 4.6.2.2 of TS 24.501 does at least mention “the UE shall update the network slicing information for the current PLMN (if received) as specified above in bullets a), b), c) and e)”
· Registration complete message in step 22 of clause 4.2.2.2.2 of TS 23.502 may still be generated
· Hence, the AMF may not receive configured NSSAI if a slice is added to subscribed NSSAI. It is not clear what the AMF should include (if any) in this case in Registration Accept.


Figure 6: AMF cannot indicate NSSCI to NSSF (parameter does not exist). NSSF may not include configured NSSAI (current normative text allows it and NSSF cannot differentiate text). Resulting in AMF not being able to send it to UE
While different methods have been considered, the method that has been assessed to have less impact is to add an optional parameter to Nnssf_NSSelection_Get to indicate the NSSF that configured NSSAI needs to be returned.
Proposal 1: Add NSSCI parameter to Nnssf_NSSelection_Get.



The following table compares some of the alternatives that have been considered compared to the one proposed:
[bookmark: _Ref139612510]Table 1: Considered options for ensuring configured NSSAI inclusion towards UE
	Method
	Pros/Cons

	Add optional NSSCI parameter when AMF uses the  Nnssf_NSSelection_Get service operation, such that NSSF then always returns configuredNssai (proposed)
	P: Works also in roaming case. Simple logic
C: API impact (NSSF). Impacts (albeit simple) in AMF and NSSF logic

	AMF returns subscribed NSSAI as configured NSSAI
	P: No change required to existing APIs. Only AMF impact.
C: Does not work when roaming / Can only work in H-PLMN. Since mappedHomeSnssai is returned by the NSSF as part of configured NSSAI, without NSSF interaction this information cannot be provided by the AMF to the UE.

	Change NSSF behaviour so that it always returns configured NSSAI
	P: Very simple. No change required to existing APIs. Can be implemented with only NSSF impact by adding configured NSSAI to Outputs, Required in clause 5.2.16.2.1 (Nnssf_NSSelection_Get service operation)
C: The AMF currently returns configured NSSAI as returned by the NSSF. Implementing this change results in UEs receiving configured NSSAI in cases where they currently do not. It could be argued that this alternative has UE impact because the UE sees a different behaviour and that it would result in tests needing to be repeated to re-check UE behaviour.
Unclear if implementing this alternative could bring to the surface any unknown behaviour in existing devices in the field.
Side-effects could be mitigated if the AMF "filters out" configured NSSAI towards the UE in cases when the NSSF would not currently return it (e.g. except NSSCI case). This would result in some NSSF logic needing to be ported to the AMF (= AMF+NSSF impact, with even more complicated logic than the proposed solution)

	Change NSSF behaviour so that it returns configured NSSAI if requested NSSAI is a subset of subscribed NSSAI
	P: Very simple. No change required to existing APIs. Can be implemented with only NSSF impact by adding configured NSSAI to Outputs, Conditional Required in clause 5.2.16.2.1 (Nnssf_NSSelection_Get service operation)
C: Similar to "always return configured NSSAI" option above, it could be argued that this alternative has UE impact because the UE sees a different behaviour and that it would result in tests needing to be repeated to re-check UE behaviour.


	Force the NSSF to return configured NSSAI by including defaultConfiguredSnssaiInd=True even if the UE did not include it
	P: No API impact. Only change in AMF logic.
C: Overload of a parameter meant for something else. The intention of the AMF is actually to signal NSSCI, not Default S-NSSAI. The parameter refers to a specific S-NSSAI, so any description must specify for what S-NSSAI it should be set. Reusing the same nomenclature would be confusing and it may end up mixing the cases of Default S-NSSAI and NSSCI. The behaviour of the return value for the API call would anyway need clarification in TS 23.502.
Stage 3 specifications would anyway need to document the usage. It currently describes it as "The Default Configured NSSAI is indicated by the UE", which would be wrong if the parameter is overloaded with an additional use. 




UE may update slice configuration but UE may not use the newly-configured slice
While the original intention of introducing NSSCI-based slicing configuration update (see original Rel'15 CRs S2-186216, S2-186215) was to cover the case of subscription changes while the UE is not registered, it actually also restricts the use of UCU in the case the subscription change happened while the UE was not registered (see Observation 1).
Unless the AMF releases the NAS signalling connection or an UCU is sent, the UE will not register to the newly-configured slice. As per current normative text, Allowed NSSAI cannot include a S-NSSAI the UE did not request. When the UE moves to idle mode, idle mode priorities from the network are used based on the logic specified in clause 5.3.1.3 of TS 24.501 (NAS release).  It has furthermore been observed that if the NAS connection is released, some UEs actually go to NSA. The specification should include enough details so that consistent behaviour is ensured when updating slice configuration information in the UE.


Figure 7: UE updates slice configuration, but there is no option to request re-registration. UE stays in Slice A.
Proposal 2: Clarify use of DEREGISTRATION REQUEST + indication to re-register in the NSSCI case to release NAS signaling.



[bookmark: _Ref139612515]Table 2: Considered options for UE re-registration
	Method
	Pros/Cons

	Use DEREGISTATION REQUEST (proposed)
	P: More of a clarification how the NAS release should be done. Can indicate to re-register. No issues with 5GMM Cause. No need for change in interaction with UDM.

	Allow AMF to trigger UCU after registration instead of NSSCI-based procedure
	P: Reuses well-known UCU mechanism. Can indicate to re-register
C: Flow in TS 23.502 now has two possible options/branches. SDM_Info notification for UCU should have appropriate content so that UDM correctly sets SDM data as "acknowledged".
As there is no real use for UCU other than for triggering re-reg, there are some concerns that it may lead to collisions and added complexity in the core if used for this case.  Its usage may be confusing to UEs as well, as NSSAI will not have changed between what it received in RegAccept a UCU

	Perform NSSCI-based procedure and then force re-registration by sending UCU with same slice configuration again after NSCCI
	P: Does not alter current NSSCI-based logic. Just adds an additional UCU after the registration so that the re-registration can be triggered
C: Since "something" must be sent in the UCU, the network needs to re-send the same slicing configuration.
Interaction with UDM in Step 2b in clause 4.2.4 of TS 23.502 (Nudm_SDM_Info to update SDM acknowledgement) would need to be skipped or to be clarified, as it reads as mandatory if step 2a is present (step 2a is needed).
Sending a UCU triggered without explicit UDM notification to re-send information that has already been updated is more of a workaround than a solution.

	Add slice configuration information to REGISTRATION REJECT (CT1 WG)
	C: Clear UE impact in frozen release(s). Current UEs would most probably discard the information or the whole received message

	Allow a S-NSSAI not in Requested NSSAI to be included in Allowed NSSAI
	C: Change in expected UE behavior. For current UEs, the behaviour is currently unspecified.

	Provision a URSP rule instructing the UE to use the newly-provisioned slice
	P: TS 23.503 lists change of Configured NSSAI as possible (re-)evaluation trigger for URSP rule, so technically "nothing to do".
C: To mandate the use and support of URSP rules in order to fully support NSSCI is equivalent to making URSP rules mandatory for all UEs, which won't be possible to action.
Furthermore, the behaviour is actually not specified (there may be other Rel-18 CRs clarifying this behaviour). At what moment the (re-)evaluation happens is up to UE implementation. There is no mention of change of Configured NSSAI as trigger in TS 24.526, only as an example in clause 6.6.2.3 of TS 23.503. Any change in this behaviour would have UE impact and would not solve the issue for UEs already in the field.





Overview of Current procedure(s)
In general, SA2 defines two possible ways how the UE slicing configuration can be updated by the AMF:
	
	UCU
	Slicing configuration update in Registration Accept

	Description
	UE Configuration Update (UCU) including new slicing configuration and indication whether the UE is required to subsequently initiate a Registration procedure (clause 4.2.4 of TS 23.502)
	Indication of Network Slicing Subscription Change Indication (NSSCI) in Registration Accept message including new slicing configuration (step 21 on clause 4.2.2.2.2 of TS 23.502)

	Trigger
	UE configuration may be updated by the network at any time (clause 4.2.4 of TS 23.502)
0. AMF determines the necessity of UE configuration change due to various reasons (e.g. UE mobility change, NW policy, reception of Subscriber Data Update Notification from UDM, change of Network Slice configuration, need to assign PLMN-assigned UE Radio Capability ID, change of Enhanced Coverage Restriction information in the UE context) (clause 4.2.4.2 of TS 23.502)
Even if it may be updated "at any time", the AMF needs a trigger to start the UCU procedure. This is in practice a Nudm_SDM_Notification after the AMF subscribes via Nudm_SDM_Subscribe.
	When the subscribed S-NSSAIs change, a UDR flag is set in the HPLMN to make sure the current PLMN (or, if the UE was not reachable, the next serving PLMN) is informed by the UDM that the subscription data for network slicing has changed (clause 5.15.4.2 of TS 23.501)
21. New AMF to UE: Registration Accept (5G-GUTI, [...], [Network Slicing Subscription Change Indication], […]
If the UDM intends to indicate the UE that subscription has changed, the Network Slicing Subscription Change Indication [NSSCI] is included (clause 4.2.2.2.2 of TS 23.502)
In this case, the trigger is the UDM indicating that the subscription has changed (NSSCI)

	Response
	UCU Acknowledgement, then The AMF also uses the Nudm_SDM_Info service operation to provide an acknowledgment to UDM that the UE received […] Network Slicing Subscription Change Indication (if this was indicated in step 1) and acted upon it. (step 2b of clause 4.2.4 of TS 23.502)
	Registration Complete including NSSCI (step 22 of clause 4.2.2.2.2 of TS 23.502)



Observation 1: If the NSSCI is indicated by the UDM, Registration Accept is used and there, in practice, is no trigger that can set UCU. It is not clear what Nudm_SDM_Info the AMF should send for a AMF-triggered slice configuration update UCU (i.e. not triggered from UDM).
UCU in Detail
UDM notifies AMF of change of Network Slice configuration:
· As per step 14c of clause 4.2.2.2.2 of TS 23.502, the AMF subscribes to changes in the subscription as part of the registration, i.e. After a successful response is received, the AMF subscribes to be notified using Nudm_SDM_Subscribe when the data requested is modified
· The UDM notifies of SDM changes via Nudm_SDM_Notification service operation (clause 5.2.3.3.3. of TS 23.502)
· The AMF uses UCU to update the UE's slice configuration based on the received changes. The changes refer to specific parameters that changed value since the subscription exists or since the last notification of this subscription. That is, a NotifyItem, including a ChangeItem describing the actual change(s)
· If the AMF indicates Network Slicing Subscription Change [in the UCU], then the UE shall locally erase all the network slicing configuration for all PLMNs and, if applicable, update the configuration for the current PLMN based on any received information. If the AMF indicates Network Slicing Subscription Change, the UE shall also be requested to acknowledge in step 2 (step 1 of clause 4.2.4.2 of TS 23.502)


Figure 1: Summary of UCU
Observation 2: The UDM will not notify the AMF of changes that happened before the AMF subscribed.
NSSCI + Registration Accept in Detail
If the UDM intends to indicate the UE that subscription has changed, the Network Slicing Subscription Change Indication is included [in Registration Accept] (step 21 of clause 4.2.2.2.2 of TS 23.502)
· This information is included in the SDM information the AMF retrieves via Nudm_SDM_Get in step 14b of clause 4.2.2.2.2 of TS 23.502.
· [bookmark: _Hlk138230357]Protocol-wise, stage 3 included an indication in the SDM_Get response, such that the inclusions of provisioningTime in the returned NSSAI serves as Network Slicing Subscription Change Indication (clause 6.1.6.2.2 of TS 29.503)
· This triggers the AMF to include Network Slicing Subscription Change Indication (NSSCI) + new configuration in registration accept
· If the AMF includes Network Slicing Subscription Change Indication, then the UE shall locally erase all the network slicing configuration for all PLMNs and, if applicable, update the configuration for the current PLMN based on any received information (step 21 of clause 4.2.2.2.2 of TS 23.502)
Observation 3.1: In order to send the updated slice configuration to the UE, it must be available to the AMF.
In order to force the UE to re-register, clause 5.15.5.2.2 of TS 23.501 states the following:
· If the changes to the Allowed NSSAI require the UE to perform immediately a Registration procedure because they affect the existing connectivity to Network […] or due to AMF local policies also when the changes does not affect the existing connectivity to Network Slices
· The AMF shall release the NAS signalling connection to the UE to allow to enter CM-IDLE after receiving the acknowledgement from UE
Observation 3.2: As opposed to UCU, there is no possibility to indicate the UE to re-register in the Registration Accept Message. There is, however, the option to release NAS signalling.
Regarding NAS release, TS 23.501 indicates that "AMF shall release the NAS signalling". Clause 5.3.1.3 TS 24.501 lists several possibilities how release of the N1 NAS signalling connection can be accomplished. Among them REGISTATION REJECT, SERVICE REJECT, AUTHENTICATION REJECT, DEREGISTATRION REQUEST, …
The IEs contained within the different possible messages vary. While some of them need to provide a Cause #, others need not. Exemplarily:
A REGISTRATION REJECT message can include CAG information (may be included to assign a new "CAG information list" to the UE or delete the "CAG information list" at the UE side), but no slice configuration information can be included in this message (see clause 8.2.9 of TS 24.501)
	[image: ]
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Figure 2: Left: REGISTRATION REJECT message. Right: excerpt of REGISTRATION ACCEPT message, NSSCI is included in Network slicing indication (TS 24.501 v16.12.0)
Observation 3.3: It is not possible to update the slice configuration when sending a REGISTRATION REJECT message. It is only possible when using REGISTRATION ACCEPT.
[bookmark: _Hlk139272466]A DEREGISTRATION REQUEST message (UE-terminated) can include a deregistration type and within it an indication "Re-registration required (see clause 9.11.3.20 of TS 24.501).
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Figure 3: DEREGISTATION REQUEST message and Deregistration type IEs (TS 24.501 v16.12.0)
While a 5GMM Cause can be included, if the de-registration type indicates "re-registration required", then the UE shall ignore the 5GMM cause IE if received (see clause 5.5.2.3 of TS 24.501). This is good because there is actually no suitable cause # (see figure below).
Based on the description in clause 5.3.1.3 of TS 24.501, use of "re-registration required" indication in DEREGISTRATION REQUEST is basically equivalent to UCU's indication to re-register.
	[image: ]


Figure 4: 5GMM causes (TS 24.501 v16.12.0). 5GMM cause is ignored if re-registration is indicated.
[bookmark: _Hlk139273257]Observation 3.4: DEREGISTRATION REQUEST can include an indication to re-register. 5GMM cause is ignored if re-registration is indicated, so it is not issue that there is no specific 5GMM cause in TS 24.501 to indicate NAS release in NSSCI case.
As per clause 5.15.5.2.1 of TS 23.501, The Allowed NSSAI is then composed of the list of S-NSSAI(s) in the Requested NSSAI permitted based on the Subscribed S-NSSAIs and/or the list of S-NSSAI(s) for the Serving PLMN which are mapped to the HPLMN S-NSSAI(s) provided in the mapping of Requested NSSAI permitted based on the Subscribed S-NSSAIs, or, if neither Requested NSSAI nor the mapping of Requested NSSAI was provided or none of the S-NSSAIs in the Requested NSSAI are permitted, all the S-NSSAI(s) marked as default in the Subscribed S-NSSAIs and taking also into account the availability of the Network Slice instances.
In this case, this means that Allowed NSSAI can include S-NSSAI A but cannot include S-NSSAI B.
Observation 3.5: Allowed NSSAI is based on the UE'S requested NSSAI, which in turn is based on the outdated slicing configuration in the UE. The requested NSSAI may be itself valid, though (e.g. if a S-NSSAI was added to the subscribed NSSAI). 


Figure 5: Summary of Slicing configuration update in Registration Accept
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Table 9.11.3.2.1: 5GMM cause information element
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N1 mode not allowed

Restricted service area

Redirection to EPC required

LADN not available

No network slices available

Maximum number of PDU sessions reached
Insufficient resources for specific slice and DNN
Insufficient resources for specific slice

ngKSl already in use

Non-3GPP access to 5GCN not allowed
Serving network not authorized

Temporarily not authorized for this SNPN
Permanently not authorized for this SNPN
Not authorized for this CAG or authorized for
CAG cells only
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01001101 Wireline access area not allowed

01011010 Payload was not forwarded

01011011 DNN not supported or not subscribed in the slice

01011100 Insufficient user-plane resources for the PDU
session

0101 1111 Semantically incorrect message

01100000 Invalid mandatory information

01100001 Message type non-existent or not implemented

01100010 Message type not compatible with the protocol
state

01100011 Information element non-existent or not
implemented

01100100 Conditional IE error

01100101 Message not compatible with the protocol state

01 101111 Protocol error, unspecified

Any other value received by the mobile station shall be treated as 0110 1111, "protocol
lerror, unspecified”. Any other value received by the network shall be treated as 0110
1111, "protocol error, unspecified”
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