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Abstract of the contribution: This contribution proposes a new solution for key issue 2&3.
Discussion
In this solution, we discuss and propose UE capability retrieving and management procedure. Generally, we consider the following issues should be discussed and included in the solution.

Issue 1: In which network entity the UE capability ID will be stored and management?

In legacy method, UE capabilities are stored in CN and provides to RAN when the connection is established considering that RAN scope is much smaller than the CN and when UE moves out of coverage of RAN node, the capability is invalid. For the UE capability optimised method, it is also beneficial to store the capability ID in the CN, and the CN derive the explicit capabilities providing to the RAN node.
Proposal 1: The capability ID is stored and management in the AMF.
Issue 2: How to define the association of the capability ID and capabilities?

There are mainly two ways to define the association of the capability ID and capabilities: standardised and non-standardised.

For standardised method, the association is specified in the specification, and each entity in the network can derive the UE capabilities based on the capability ID. This method can save the signalling over every interface, e.g. Uu, N2, Xn. However, there are a large set of radio features specified, it is impossible to list all the values of possible feature combinations. If group multiple feature capabilities into one capability, the flexibility for implementing each feature will restricted. Therefore, standardised method is not preferred.
For non-standardised method, the association can be defined by e.g. UE manufacture or operator, and the UE manufacture or operator provides the association to the AMF based on their products implementation or network deployment situation. This provides a flexible method for UE implementation and simultaneously makes the size of the capability ID small. 
Proposal 2: The association of the capability ID and capabilities is defined by e.g. UE manufacture or operator.
Issue 3: How does AMF obtain the association of the capability ID and capabilities?
The AMF can obtain the association from the AF via NEF and the AF is owned by the UE manufacture or operator, this method can avoid the Uu interface signalling for UE.
If the AMF has not stored the association for the AF, the AMF retrieves the association form the corresponding AF. And UE needs to provide the AF information to the AMF.
Proposal 3: The AMF can retrieve the association of the capability ID and capabilities from the corresponding AF via NEF.
Issue 4: How to handle UE changes the capabilities?
The possible way to handle UE changes the capabilities as following.

Alternative 1: UE reports the old capability ID additional along with the changed capabilities.
Alternative 2: UE reports the new capability ID if the new capability ID is already pre-allocated and present the update capabilities.

Alternative 3: UE coordinates with the manufacture (e.g. via system upgrade with manufacture server) and get the new capability ID for the updated capabilities.
For Alternative 1, when the UE is put on the market, a capability ID is assignment. When the UE capabilities change, UE reports the capability ID and changed capabilities, these capabilities could be new added capabilities or removed capabilities or modified capabilities. This is a safe way to guarantee the network has the aligned capabilities with the UE.
For Alternative 2, this method requires the UE manufacture to pre-allocate the capability ID for the potential changed capabilities, which is difficult for UE manufacture to predict the future UE capabilities change. Therefore, it is impossible.
For Alternative 3, once UE capabilities are to be changed, UE firstly communicates with the manufacture server to get the new capability ID. And UE provides the new capabilities ID to the AMF, and if the AMF has no association for the new capability ID, the AMF can fetch from the AF server the association for the new capability ID. If the AMF cannot fetch from the AF server, UE report the capabilities as legacy way.
Proposal4: Adopt the following methods to handle UE capabilities change.
If the UE does not get the new capability ID from the manufacture server for the update capabilities, UE reports the old capability ID additional along with the changed capabilities; if the UE has already got the capability ID from the manufacture server, the UE reports the new capability ID to the network.
Proposal

It is proposed to include the following key issue in TR 23.743.
* * * Start of change * * * 

6.X
Solution #X: UE capabilities fetch via AF
6.X.1
Introduction
This is a solution for key issues #2 and #3.

The solution proposes that Application Function (e.g., server owned by UE manufacturer, or UDM from operator) provisions to AMF via NEF the association of UE Radio Capability ID and corresponding UE radio capabilities as AMF requires. The association of the capability ID and the radio capabilities is per AF definition, not standardised. This solution provides the flexibility to the UE feature implementation, and simultaneously can control the capability ID size to a relatively short scope because the radio capabilities combination values can be expected small within one AF.
When the AF is deployed by operator, UE may belong to multiple operators and UE may have multiple capability ID, UE provides the capability ID associated with the registered operators network.
6.X.2
Functional Description
This solution has the following characteristic,
- The capability ID and the association of the capability ID and capabilities are unique in one AF owned by UE manufacture or operator. The AMF can store the association or acquire the association from the AF.
- When UE performs Registration procedure, UE provides the capability ID and the corresponding AF information to the AMF, if AMF has the association for the AF information, the AMF derives the capabilities from the capability ID and the association; if AMF has no association for the AF information, the AMF acquires it form the AF via NEF.
- If UE belongs to multiple AF, e.g. subscribes to multiple operators, UE only provides the capability ID corresponding to the registered operator network.
- When UE changes the capabilities, if the UE does not get the new capability ID from the manufacture server for the update capabilities, UE reports the old capability ID additional along with the changed capabilities; if the UE has already got the capability ID from the manufacture server, the UE reports the new capability ID to the network.

- In case of AMF cannot derive UE capabilities according to the capability ID received from the UE, the AMF can acquire the new association from the AF or sends the capability ID to corresponding AF and fetching explicit capabilities. 
6.X.3
Procedures
The following figures show the detailed UE Radio capabilities procedures based on the description above:
-
Figure 6.x.3-1 illustrates that the UE provides a capability ID and AF information as part of the registration procedure, AMF obtains UE capabilities according to capability ID and the association for the indicated AF information. If AMF has no association for the AF information or AMF cannot obtain UE capabilities based on the ID, AMF retrieves the association from the corresponding AF.

-
Figure 6.x.3-2 illustrates that UE capabilities change case. When UE changes the capabilities, if the UE does not get the new capability ID from the manufacture server for the update capabilities, UE reports the old capability ID additional along with the changed capabilities; if the UE has already got the capability ID from the manufacture server, the UE reports the new capability ID to the network.
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Figure 6.x.3-1: AMF obtains UE capabilities according to capability ID and association for indicated AF. 
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Figure 6.x.3-2: UE capabilities changes procedure
6.X.4
Impacts on existing entities and interfaces
Impact on AMF:
- AMF will store the UE capability ID and can derive UE capabilities from the association of capability ID and the capabilities based on the AF information (e.g. manufacture or PLMN information) indicated by the UE.

- AMF can connect with the AF (e.g. server of UE manufacturer or UDM of operator) via NEF to fetch the up to date association for the AF.

- AMF will store the UE capability ID and additional capabilities when UE has changed capabilities.
Impact on UE:

- UE will report the capability ID and the AF information to the AMF;

- When UE changes capabilities, UE can update the capability ID with the AF and report the new capability ID to the network; if UE cannot update the capability ID with the AF, UE reports the old capability ID and additional changed capabilities.
6.X.5
Evaluation
Editor's note:
This clause provides an evaluation of the solution.
* * * End of changes * * * 

3GPP

SA WG2 TD


UE
RAN
AMF
NEF
AF
1.Registration Request (incl. UE capability index, AF info. etc)
2. AMF obtains UE capabilities according to capability index and AF info.
3. Retrieve association of capability ID and capabilities
4. N2 signalling (capabilities)
Step 3 occurs when AMF has no association of capability ID and capabilities



UE
RAN
AMF
NEF
AF
1.Registration Request (incl. UE old capability index, AF info. Additional changed capabilites, etc)
2. AMF stores the capability ID and the changed capabilities.
4. N2 signalling (capabilities)
3. fetch the association of the capability ID and capabilities
1a.Registration Request (incl. UE new capability index, AF info, etc)
2a. AMF stores the new capability ID .
Option 1
Option 2
Step 3 occurs when AMF has no association of capability ID and capabilities



