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Abstract of the contribution: This paper proposes updating the solution about supporting multiple sets of radio capabilities.
Discussion

This solution bases on the Solution #5: UE radio capability reporting and management using UE-capability-ID, with the following key changes:

· Define a new terminology “a set of radio capability”.

In the current solution, the terminology “profile” is used without a clear definition. Hence, it is proposed to use “a set of radio capability” to describe the radio capability that is discussing in this solution.
A set of radio capability is the contents of UECapabilityInformation that the UE reports when it receives the ue-CapabilityRequest in RRC. 

· The AMF supports storing multiple sets of radio capabilities instead of a set of radio capability.

For a single UE, it may have multiple sets of UE radio capabilities in a UE. The use cases from we see are that, the user is allowed to set the radio capability, disable the 5G radio capability or disable the MIMO. It is also possible that based on the local configuration, the device reduces its radio capability from 4*4 MIMO to 2*2 MIMO to prolong the working time, e.g. for the portable WIFI product.

On the other hand, in order to support the case UE has multiple sets of radio capabilities, the AMF has to store these sets of radio capabilities. Considering the capability of the AMF, the storage capacity of AMF is not an issue at all in 5GC. In the 5GC, even UDSF is used, the storage capacity of AMF is even larger. 

Hence, it is possible that both UE and AMF support multiple sets of radio capabilities.

· Remove Identity Request/Response to transfer the UE-capability-ID.
In the existing solution, the Registration request message has been enhanced to support UE-capability-ID. The Registration request message is used in both initial case and mobility update case. Hence, the additional enhancement on Identity request/response doesn’t have additional value while adding the complexity from UE and AMF side.
· Remove Configuration update procedure to change UE-capability-ID value.

The UE-capability-ID is only an identifier for a set of UE radio capabilities. It is possible that the UE changes a set of radio capability, a new UE-capability-ID is sent to the UE, which has been covered by Figure 6.x.3-2. However it is questionable that the AMF will decide to change the UE-capability-ID without changing the set of radio capability.
****updates based on CC*****
· This solution supports UE-capability-ID of both Manufacture-specific and PLMN-specific.

The solution is updated to use the terminology “Manufacture-specific UE-capability-ID” and “PLMN-specific UE-capability-ID” accordingly.

UE radio capability reporting will initially consist of possible Manufacture-specific UE-capability-ID as part of initial Registration procedure, if pre-configured. If the UE is not pre-configured with Manufacture-specific UE-capability-ID, it will not report any Manufacture-specific UE-capability-ID at initial Registration and wait for a PLMN-specific UE-capability-ID to be allocated by the AMF when the UE radio capabilities are successfully retrieved.
· Is it possible that multiple sets of radio capabilities are pre-configured with the corresponding Manufacture-specific UE-capability-ID
From our observation, it is possible that the operator pre-configure a set of radio capabilities in the AMF, e.g. the set of radio capability with the best performance. But the for rest sets of radio capabilities designed for other cases, e.g. switching from voice centre or data centric, reducing or turning down MIMO capability, the sets of radio capabilities is too many and also too dynamic to configure in the core network. Consequently, from our understanding, the UE may have one pre-configured Manufacture-specific UE-capability-ID while the other sets of radio capabilities uses the PLMN-specific UE-capability-ID.
Proposal
It is proposed to include the following solution updates in TR 23.743.
**** ALL Texts are new ****
6.x
Solution #x: multiple sets of UE radio capabilities reporting and management using UE-capability-IDs (Manufacture-specific or PLMN specific)
6.x.1
Introduction

This is a solution for key issues #2 and #3.
A set of radio capability is the contents of UECapabilityInformation that the UE reports when it receives the ue-CapabilityRequest in RRC. For a single UE, it may have multiple sets of UE radio capabilities. Each set of radio capability can be preconfigured with a corresponding Manufacture-specific UE-capability-ID.
This solution supports UE-capability-ID of Manufacture-specific and PLMN-specific. UE radio capability reporting will initially consist of possible Manufacture-specific UE-capability-ID as part of initial Registration procedure, if pre-configured. If the UE is not configured with Manufacture-specific UE-capability-ID, it will not report any UE-capability-ID at initial Registration and wait for a PLMN-specific UE-capability-ID  (i.e. allocated by the AMF) when the UE radio capabilities are successfully retrieved.
There is no requirement to support activating multiple sets of UE radio capabilities simultaneously, but it may be possible to allow the UE to support multiple sets of radio capabilities and select the one set of radio capabilities with each connection establishment. For example, a voice centric and a data centric profile; the UE capabilities may change after an OTA upgrade; or the UE may need to switch between two capability profiles optimized for two different regions or areas frequently visited by the UE; The UE reduces its radio capability from 4*4 MIMO to 2*2 MIMO, or even disables its MIMO capability based on local configuration. 
For a set of radio capabilities, the set of radio capabilities can be common across many UEs. Thus, there may not be an increase in memory/resource usage in the network when both capability profiles are already saved in the network.
For a set of radio capability that is not preconfigured with Manufacture-specific UE-capability-ID, the UE stores it into the AMF. The UE can stores multiple sets of radio capabilities in the AMF, if allowed by the AMF. The AMF assigns a PLMN-specific UE-capability-ID with the set of radio capabilities.

6.x.2
Functional Description

Editor's note:
This clause outlines solution principles and documents any assumptions made.

For the UE capabilities reporting:

-
If the UE has pre-configured one or more Manufacture-specific UE-capability-ID(s) it will report one of the UE-capability-ID(s) as part of the initial Registration procedure.


-
The AMF tries to retrieve the UE capabilities corresponding to the Manufacture-specific UE-capability-ID UE has reported and (if successful) provides the UE capabilities to the RAN in the initial UE context setup.

-
If the UE has no pre-configured Manufacture-specific UE-capability-ID, the UE reports nothing during the registration procedure.
-
The AMF will not include UE capabilities in the initial UE context setup, and the RAN will query the capabilities as in Rel-15 procedures defined in TS 23.501 [3]. Then the AMF may assign a corresponding PLMN-specific UE-capability-ID for subsequent reporting (once it receives the UE capabilities from the RAN in the UE Capability Info Indication message).
-
If the UE has multiple sets of radio capabilities that are not preconfigured with the Manufacture-specific UE-capability-IDs, and the AMF allows the UE to store multiple set of radio capabilities, then the UE can request to store more than one set of radio capabilities in the AMF by triggering registration procedure. The AMF will assign the corresponding PLMN-specific UE-capability-ID(s) and store the mappings between the PLMN-specific UE-capability-ID and corresponding set of UE radio capabilities.

-
The UE switches among its UE-capability-IDs (either Manufacture-specific or PLMN-specific) in Registration Request by e.g. when changing from voice to data centric (and vice versa) and reporting its updated UE-capability-ID in a new Registration procedure, or UE reducing its radio capability from 4*4 MIMO to 2*2 MIMO , or even disabling its MIMO capability.

-
When the UE modifies the radio capabilities, the UE may optionally provide a  UE-capability-ID (either Manufacture-specific or PLMN-specific) (if available) via NAS signaling, e.g., based on device upgrade.
-
The UE may update the stored set of radio capabilities, which has been assigned with a PLMN-specific UE-capability-ID, the UE provides the existing UE-capability-ID via Registration Request.
6.x.3
Procedures

Editor's note:
This clause describes high-level procedures and information flows for the solution.
The following figures show the detailed UE Radio capabilities procedures based on the description above:

-
Figure 6.x.3-1 shows the call flow where the UE provides a Manufacture-specific UE-capability-ID as part of the registration procedure for the case where the network has the corresponding UE capabilities

-
Figure 6.x.3-2 shows the call flow where either (a) the UE does not provides a UE-capability-ID (either Manufacture-specific or PLMN-specific) as part of the registration procedure; or (b) the network does not have the corresponding UE capabilities.


-
Figure 6.x.3-3: shows the call flow where UE updates a set of UE radio capabilities of a UE-capability-ID (either Manufacture-specific or PLMN-specific).
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Figure 6.x.3-1: UE provides a UE-capability-ID (Manufacture-specific) as part of the registration procedure where the network has the corresponding UE radio capabilities
1-2. UE sends Registration Request to AMF, including Manufacture-specific UE-capability-ID optionally if the UE pre-configures the UE-capability-ID.
3. Authentication Procedure is performed.

4. The AMF determines if UE capabilities for the UE-capability-ID are stored.

5. The AMF sends N2 Request to gNB including UE radio capabilities of the UE-capability-ID.

6. The gNB stores the UE capabilities.
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Figure 6.5.3-2: Either (a) UE does not provides a UE-capability-ID as part of the registration procedure; or (b) the network does not have the corresponding UE capabilities
1. UE sends Registration Request to AMF, optionally including a UE-capability-ID (either Manufacture-specific or PLMN-specific).
2. Authentication Procedure is performed.
3. The AMF determines that no UE capabilities of the UE stored or no UE capabilities of the UE-capability-ID stored.

4. The AMF sends Initial Context Setup Request to gNB.

5-7.UE sends UE capabilities to AMF. If it includes the UE-capability-ID in step1, the capabilities are corresponding with the ID.
8. The AMF stores the UE capabilities and assigns a PLMN-specific UE-capabilities-ID, if UE does not provide UE-capability-ID in step 1.

9. The AMF sends Registration Accept to UE, including the PLMN-specific UE-capability-ID.
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Figure 6.x.3-3: UE updates/modifies a set of UE radio capabilities of a UE-capability-ID 
1. UE sends Registration Request to AMF, including the setting operation and a UE-capability-ID (either Manufacture-specific or PLMN specific).
2. Authentication Procedure is performed. 
3. The AMF determines that the UE capabilities of the UE-capability-ID need to update, according the setting operation.

4. The AMF sends Initial Context Setup Request to gNB, including the UE-capability-ID optionally.

5-7.UE sends the new UE capabilities of the UE-capability-ID to AMF.

8. The AMF stores the new UE capabilities of the UE-capabilities-ID.

9. The AMF sends Registration Accept to UE.
6.x.4
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.

6.x.5
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
**** End of Changes ****
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Follow procedures in Figure 1 or Figure 2 depending on whether radio capabilities for this capability-profile-ID are stored or not
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