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1. Abstract
This paper compares solutions for providing UE UPU capabilities (i.e. UE parameters update data set types supported by the UE).
2. Discussion
2.1 Agreements so far
In C1-212599, CT1 agreed:
------------

CT1 sees as feasible that the Rel-17 UE informs the Rel-17 UDM about the supported UE parameters update data set types excluding "routing indicator update data" and "default configured NSSAI update data":

Alternative-1: in the UPU transparent container carrying the UPU acknowledgement; or

Alternative-2: in the registration request message during the registration procedure.

------------

SA2 informed CT1 in S2-2106703 that solution is to be designed in CT1:

------------

SA2 suggests CT1 to take the lead and progress the standardization of the functionality, also taking SA3 input into consideration. SA2 will align SA2 specifications accordingly once CT1 concluded.

------------

SA3 has not agreed any document yet.

Observation-1: SA2 asked CT1 to specify how the HPLMN or subscribed SNPN detects the UE UPU capabilities (i.e. UE parameters update data set types supported by the UE).

2.2 Additional considerations
UPU procedure ensures that the visited network (i.e. VPLMN or non-subscribed SNPN) is unable to change the UPU parameters by integrity protection of the UPU messages transported from the home network (i.e. HPLMN or subscribed SNPN) to the UE. 
If providing the UE UPU capabilities (i.e. UE parameters update data set types supported by the UE) is NOT integrity protected between the UE and the home network (i.e. HPLMN or subscribed SNPN), then the visited network (i.e. VPLMN or non-subscribed SNPN) can remove some UE UPU capabilities and thus restrict ability of the home network (i.e. HPLMN or subscribed SNPN) to configure the UE with UPU parameters of the indicated UE UPU capabilities.

Thus, the UE UPU capabilities should also be integrity protected between the UE and the home network (i.e. HPLMN or subscribed SNPN).

Observation-2: Integrity protetion between the UE and the HPLMN or subscribed SNPN, of the UE UPU capabilities is needed.

2.3 Need of the solution in Rel-17

It was commented that no new UPU parameter has been defined yet in Rel-17 and thus quering of the UE UPU capabilities is not needed. 

This is not true - a UE in SNPN access operation mode compliant to Rel-16 does not support the default configured NSSAI, while a UE in SNPN access operation mode compliant to Rel-17 is required to support the default configured NSSAI. See 24.501 subclause 4.11 in 24.501 Rel-16 and Rel-17.
Thus, the subscribed SNPN needs to be able to query the UE on whether the UE supports the default configured NSSAI (i.e. is Rel-17 UE) or not (i.e. is Rel-16 UE).

If the subscribed SNPN performed UPU procedure setting the default configured NSSAI towards a Rel-16 UE, the UE would consider the UPU transparent container as syntactically incorrect and would discard the DL NAS trasnport message (which can transport additional payloads in addition to the UPU transparent container).
Observation-3: Solution is needed in Rel-17 since Rel-17 UE in SNPN access operation mode is required to support additional UPU parameter above those required in Rel-16 UE  in SNPN access operation mode.
2.4 Alternative solutions
Alternative-1 was described in C1-212218 which is resubmitted in C1-215597. 

Alternative-2 has not been described in a CR yet.

2.5 Evaluation

2.5.1 Impacted entities
Alternative-1 impacts the UE and the UDM and the AUSF in the home network (i.e. HPLMN or subscribed SNPN). 

NOTE:
Alternative-1 expects that the AMF is able to transparently forward "UE parameters update transparent container" between the UE and the UDM. However, this is needed already for configuration of UPU parameters other than those specified in Rel-15.

Alternative-2 impacts the UE, the AMF of the visited network (i.e. VPLMN or non-subscribed SNPN) or the home network (i.e. HPLMN or subscribed SNPN) and the UDM and the AUSF of the home network (i.e. HPLMN or subscribed SNPN).

Observation-4: Alternative-1 has less impact on the system.

2.5.2 Needed radio resources
Alternative-1 requires sending of an additional UPU procedure for querying the UE UPU capabilities before using UPU procedure to configure UPU parameters other than those specified in Rel-15 to the UE. UPU procedure is used very rarely. Thus, the additional radio resources needed for Alternative-1 are negligible.
Alternative-2 requires providing UE UPU capabilities in registration request. Given that:

-
the UE UPU capabilities need to be transparent for the visited network (i.e. VPLMN or non-subscribed SNPN), so that future evolution of UPU in the UE and the home network (i.e. HPLMN or subscribed SNPN) is not hindered by slow upgrades of visited network (i.e. VPLMN or non-subscribed SNPN);

-
the UE UPU capabilities need to be integrity protected between the UE and the home network (i.e. HPLMN or subscribed SNPN);

 there would need to be a new IE solely for the UE UPU capabilities. Furthermore, while SA3 has not agreed any details on the integrity protection between the UE and the home network (i.e. HPLMN or subscribed SNPN) for providing the UE UPU capabilities, the integrity protection will likely look similarly as integrity protection of the UPU container sent by the AUSF to the UE, i.e. parameters similar to CounterUPU (2 octet) and UPU-MAC-IAUSF (16 octets) would be needed needed. Given that a network might not upgrade all its AMF at the same time, the UE would need to provide the UE UPU capabilities in initial registration and mobility registration update. Thus, Alternative-2 requries additional 22 octest (UE UPU capabilities IE consisting of IEI (1 octet), length indicator (1 octet), CounterUPU like parameter (2 octet), and UPU-MAC-IAUSF like parameter (16 octets) and UE UPU capabilities themselves (2 octets)) in each REGISTRATION REQUEST (with exception of those for periodic registration update). Thus, the additional radio resources needed for Alternative-2 are significant.

Observation-5: Alternative-1 consumes negligible radio resources, alternative-2 consumes significant radio resources.
2.5.3 Interoperability with legacy UEs in alternative-1
It was commented that Alternative-1 does not work since Rel-15 and Rel-16 UEs are not required to send ACK when the UPU procedure does not set any UE UPU parameters, even though the UE is still required to process the "UE parameters update transparent container".
While it is true that Rel-15 and Rel-16 UEs are not required to send ACK when the UPU procedure does not set any UE UPU parameters, even though the UE is still required to process the "UE parameters update transparent container", if the home network (i.e. HPLMN or subscribed SNPN) wants to get the ACK, it is possible to do so as follows:

When the UE is registered in a PLMN, the UE has to support UPU parameters specified in Rel-15. Thus, the HPLMN can initiate a UPU procedure to set a UPU parameter specified in Rel-15 (to the same value as in the UE), to query the UE UPU capabilities and asks for acknowledgement. Such UPU procedure will result in the UE sending ACK, regardless whether the UE is complaint to Rel-15, Rel-16 or Rel-17, where Rel-17 UE will report its UE UPU capabilities.

When the UE is registered in a SNPN:

-
if the UE is registered in a non-subscribed SNPN, then the UE is a Rel-17 UE (as possibility to register in non-subscribed SNPN is specified in Rel-17 only). Thus, if Alternative-1 is standardized, the UE in non-subscribed SNPN will always provide UPU ACK with UE UPU capabilities when requested to do so by the subscribed SNPN.
-
if the UE is registered in a subscribed SNPN:
-
if the UE used the USIM for registration to the SNPN, the UE has to support UPU parameter specified for SNPN in Rel-16 (i.e. routing indicator). Thus, the subscribed SNPN can initiate a UPU procedure to set the UPU parameter specified in Rel-16 (to the same value as in the UE), to query the UE UPU capabilities and asks for acknowledgement. Such UPU procedure will result in the UE sending ACK, regardless whether the UE is complaint to Rel-16 or Rel-17, where Rel-17 UE will report its UE UPU capabilities.

-
if the UE does not use the USIM for registration to the SNPN, the subscribed SNPN can determine whether the UE is Rel-16 (which does not support Alternative-1) or Rel-17 (supporting Alternative-1) from support of other Rel-17 capabilities - e.g. Rel-17 UE will need to indicate support of CP-SOR in SNPN to the UDM of the subscribed SNPN while Rel-16 would not.

Observation-6: Interoperability with legacy UEs in alternative-1 is possible.
3. Conclusions

Observation-1: SA2 asked CT1 to specify how the HPLMN or subscribed SNPN detects the UE UPU capabilities (i.e. UE parameters update data set types supported by the UE).
Observation-2: Integrity protetion between the UE and the HPLMN or subscribed SNPN, of the UE UPU capabilities is needed.

Observation-3: Solution is needed in Rel-17 since Rel-17 UE in SNPN access operation mode is required to support additional UPU parameter above those required in Rel-16 UE  in SNPN access operation mode.
Observation-4: Alternative-1 has less impact on the system.

Observation-5: Alternative-1 consumes negligible radio resources, alternative-2 consumes significant radio resources.
Observation-6: Interoperability with legacy UEs in alternative-1 is possible.
4. Proposal

It is proposed to progress alternative-1.
