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Introduction
RAN plenary # 80, approved a new SID on UE Capability Signaling Optimization [3]. 
In other contributions we have addressed the scope, assumptions and key issues (see [1], [2]) whereas in this document, we address aspects that immediately relate to Capability-ID-based mechanisms and solutions.
[bookmark: _Ref178064866]Discussion - Solutions based on UE Capability ID
[bookmark: _Hlk525719001]In 3GPP TR 23.473, SA2 is listing a number of key issues and solutions, all very much related to the mechanisms including a UE Capability ID. The key issues address 

· Identification of capabilities
· Storage of capabilities 
· Management of capabilities

In the solution space from SA2, we find candidates for the actual ID’s  (Sol.1, 3)  whereas other solutions mainly address how capabilities are stored and/or managed (Sol. 2, 4, 5-7)
In this contribution we would focus on two key issues from a RAN perspective (as discussed in [2]) and comment on the solutions from SA2 when applicable.

· RAN-Key Issue #1: How are the UE capabilities retrieved by RAN node?
· RAN-Key Issue #2: How are the UE capabilities signaled over the air?

We go through these key issues for solutions that are based on introduction of a mapping between a Capability ID and UE Capability Information (set). It is assumed that at any given time, there is only one applicable UE Capability ID valid for a UE. 

[bookmark: _Toc525748477][bookmark: _Toc525748769][bookmark: _Toc525755630][bookmark: _Toc525823946][bookmark: _Toc525824343][bookmark: _Toc525831467][bookmark: _Toc525831794][bookmark: _Toc525831809][bookmark: _Toc525861211]At any given time, a UE is only associated with one UE Capability ID.

SA2 touch upon several different ID types, spanning from globally unique ID’s to hash-based ID’s. We think that there are benefits in using globally unique ID’s for UE capability information that can be reused by several different UE’s irrespective of network. 

[bookmark: _Toc525748478][bookmark: _Toc525748770][bookmark: _Toc525755631][bookmark: _Toc525823947][bookmark: _Toc525824344][bookmark: _Toc525831468][bookmark: _Toc525831795][bookmark: _Toc525831810][bookmark: _Toc525861212]Use globally unique UE Capability ID’s 
[bookmark: _Toc525748479]
Exactly how these UE Capability ID’s shall be created we think is more an SA2 scope.

How are the UE capabilities retrieved by the RAN node?
There are at least two different cases to consider on how the capabilities are retrieved by the RAN node. Either the capabilities of a certain UE is stored in the AMF, or it isn’t. We address both cases below. 

UE capabilities not stored in AMF
At initial attach, there is no UE capability information in the AMF, as there is no context. Utilizing the concept of UE capability ID though, the AMF may still store, or have access to a UE capability ID to UE Capability information mapping that is specific to UE models rather than specific UE contexts. 

1. [bookmark: _Toc525748442][bookmark: _Toc525748475][bookmark: _Toc525823925][bookmark: _Toc525824333][bookmark: _Toc525831475][bookmark: _Toc525831496][bookmark: _Toc525831553][bookmark: _Toc525831605][bookmark: _Toc525831628][bookmark: _Toc525861207]Even if AMF does not have a UE context (specific UE capability for a specific UE), it may still have access to a generic mapping of UE Capability ID to UE Capability information
[bookmark: _Toc525748443]
This generic mapping can be used by any UE/Request when adding information to a UE context or providing information to gNB.
In connection to context setup requests from the AMF, the gNB need to acquire the required UE capabilities. If nothing is stored in the AMF, or non-relevant information is stored, sufficient information will not be included in the initial context setup request message. The gNB then need to get the information from the UE. 

1. [bookmark: _Toc525831476][bookmark: _Toc525831497][bookmark: _Toc525831554][bookmark: _Toc525831606][bookmark: _Toc525831629][bookmark: _Toc525861208]If gNB does not receive sufficient UE capability information in the initial context setup request message, it can send an enquiry to the UE to request relevant UE capability information. 

When the UE responds to this enquiry, it would be good if also the UE Capability ID would be included. In that way, the network, both gNB and AMF can build-up UE capability ID to UE capability information mapping. 

[bookmark: _Toc525861213][bookmark: _Toc525831469][bookmark: _Toc525831796][bookmark: _Toc525831811]UE Capability ID is included in the response to capability enquiries 

If the gNB receives information from the UE, it can also update the AMF with this information and in this update also indicate the UE capability ID, such that AMF can both update capability information for the particular UE, as well as update any generic mapping of UE Capability ID – to – UE Capability information. 

[bookmark: _Toc525831470][bookmark: _Toc525831797][bookmark: _Toc525831812][bookmark: _Toc525861214]If the gNB learns about new UE Capability ID to UE Capability information, it shall update the AMF with this information, including the UE capability ID.

It can also be considered that gNB may have access to the generic mapping of UE Capability ID to UE Capability information. If this is the case, then it opens up for signaling of UE capabilities over the network interfaces that possibly can start with simply a UE Capability ID. If this fails, then there could be a request for explicit UE capability information as a next step. 

1. [bookmark: _Toc525831477][bookmark: _Toc525831498][bookmark: _Toc525831555][bookmark: _Toc525831607][bookmark: _Toc525831630][bookmark: _Toc525861209]gNB may also have access to a generic mapping of UE Capability ID-to-UE Capability information. 

When signaled and also when stored, it is possible to separate the UE Capability ID from the actual UE capability (information) container, they could be stored as separate containers. It would then enable that, e.g., the gNB stores the mapping of the UE Capability ID to the actual UE capabilities from an earlier visit of the same UE or from a UE with the same UE capability ID. In this case, if only provided a UE Capability ID, the gNB would not have to wait for the AMF to provide the actual UE capabilities. The gNB can then perform RRCReconfiguration based on its locally stored version of the UE capabilities. 

1. [bookmark: _Toc525831608][bookmark: _Toc525831631][bookmark: _Toc525861210]If a gNB has (immediate) access to the generic mapping of UE Capability ID to UE capability information, then any signaling or information retrieval can start with UE Capability ID only. Only if this is unsuccessful, there is a need for explicit signaling of information

[bookmark: _Toc525831557]UE capabilities stored in AMF
This generally is a much simpler case for the gNB to manage. If for example the UE was already attached and it provided its Capability ID to the CN in the initial NAS Service Request. Based on this information the AMF looks up the UE Capability Information and provides it to the gNB. This signaling can also utilize the UE Capability ID format. If the gNB does not have stored a translation from UE Capability ID to UE Capability information, it can re-request to the AMF, now to send explicit UE Capability information and a UE Capability ID. Then it can store this in the gNB for later use. 

[bookmark: _Toc525748772][bookmark: _Toc525755633][bookmark: _Toc525823949][bookmark: _Toc525824346][bookmark: _Toc525831471][bookmark: _Toc525831798][bookmark: _Toc525831813][bookmark: _Toc525861215]It is assumed that knowledge of UE Capability ID-to-UE Capability information can be  stored in both AMF and gNB. If UE Capability information is requested, this should always be accompanied with a UE Capability ID 

General aspects of UE capability ID to capability information retrieval
Some clarifications on AMF and gNB behavior with respect to processing of UE capabilities and UE capabilities ID: 

· AMF should not need to process or interpret the UE Capabilities or the associated UE Capability ID, it merely connects them and act as a database for already retrieved UE capability ID and corresponding capability information. 
· Only if the gNB does not have pre-processed information about capabilities corresponding to a UE Capability ID, it processes a received octet string with UE Capability information. Thus, if it stores processed UE capabilities (and ID’s) it can use later, both for the same UE’s or different UE’s of the same model.

How are the UE capabilities signaled over the air?
As indicated above already, it is preferred that signaling of UE capabilities over the air utilize, first and foremost the UE Capability ID. However, in situations when there is no relevant UE Capability ID-to-UE capability information mapping available, there is obviously a need to send UE Capability information explicitly over the air. From this perspective, the UE Capability ID doesn’t necessarily solve the fact that there may be large amounts of capability information to transmit. At least initially, when the network is unaware of the interpretation of a Capability ID, and there is no information from AMF either, it needs to be sent from the UE. 

[bookmark: _Toc525831799][bookmark: _Toc525831814][bookmark: _Toc525748480][bookmark: _Toc525748773][bookmark: _Toc525755634][bookmark: _Toc525823950][bookmark: _Toc525824347][bookmark: _Toc525831472][bookmark: _Toc525861216]It should be assumed that there is no preconfigured definition of UE Capability ID-to-UE Capability information mapping available in the gNB or in the AMF.

To acquire information in the network for all possible UE models will take time, but for the most popular UE models, which we assume will correspond to UE Capability ID’s, for these ID’s, information and mapping will be “learned” quite quickly. Thus, within short and in most cases, the network will have information about UE Capability ID-to-UE Capability information mapping. We think that we should optimize for a situation when it is assumed that the network have all information about the UE Capability ID to UE capability information mapping, instead of assuming that it should need to be complemented.

[bookmark: _Toc525861217]Solutions for how to signal UE Capabilities should assume that the network might have mapping knowledge of UE capability ID to parts or complete UE capability, based on reporting from UEs with similar capability ID.

We think that when UE Capability information transmitted from the UE to the network (gNB), together with the ID, that this does not need to be exhaustive. It should be possible to operate as before, and send capabilityEnquiry only for information relevant to a certain gNB and then these “fragments of complete UE Capability ID meanings” can be stored. If filtered UE capabilities and UE Capability ID is provided from UE’s, this can be an increment. As more UE’s in the same and other gNB’s will receive different enquiries, a full definition of UE Capability ID-to-UE Capability Information mapping will ultimately be reached. This can be referred to as an “incremental definition” of the meaning of a Capability ID, e.g

· UE 1 transmits UE Capability ID 1 and UE Capability information set A (e.g., applicable for certain band combinations) 
· UE 2 transmits UE Capability ID 1 and UE Capability information set B (applicable for other band combinations) 

Then, the meaning of UE Capability ID 1 = A+B. This of course means that both UE 1 and UE 2 will support A+B (as this is the meaning of their UE Capability ID) but this will allow for still filtering UE Capability requests and keep down the amount of information that needs to be transmitted to what is relevant for a particular gNB at a particular time. 

[bookmark: _Toc525748482][bookmark: _Toc525748775][bookmark: _Toc525755636][bookmark: _Toc525823952][bookmark: _Toc525824349][bookmark: _Toc525831474][bookmark: _Toc525831801][bookmark: _Toc525831816][bookmark: _Toc525861218]Allow for incremental definitions of UE Capability ID- to – UE Capability information mapping

Conclusion
In section 2 we made the following observations:

Observation 1	Even if AMF does not have a UE context (specific UE capability for a specific UE), it may still have access to a generic mapping of UE Capability ID to UE Capability information
Observation 2	If gNB does not receive sufficient UE capability information in the initial context setup request message, it can send an enquiry to the UE to request relevant UE capability information.
Observation 3	gNB may also have access to a generic mapping of UE Capability ID-to-UE Capability information.
Observation 4	If a gNB has (immediate) access to the generic mapping of UE Capability ID to UE capability information, then any signaling or information retrieval can start with UE Capability ID only. Only if this is unsuccessful, there is a need for explicit signaling of information

Based on the discussion in section 2 we propose the following:

Proposal 1	At any given time, a UE is only associated with one UE Capability ID.
Proposal 2	Use globally unique UE Capability ID’s
Proposal 3	UE Capability ID is included in the response to capability enquiries
Proposal 4	If the gNB learns about new UE Capability ID to UE Capability information, it shall update the AMF with this information, including the UE capability ID.
Proposal 5	It is assumed that knowledge of UE Capability ID-to-UE Capability information can be  stored in both AMF and gNB. If UE Capability information is requested, this should always be accompanied with a UE Capability ID
Proposal 6	It should be assumed that there is no preconfigured definition of UE Capability ID-to-UE Capability information mapping available in the gNB or in the AMF.
Proposal 7	Solutions for how to signal UE Capabilities should assume that the network might have mapping knowledge of UE capability ID to parts or complete UE capability, based on reporting from UEs with similar capability ID.
Proposal 8	Allow for incremental definitions of UE Capability ID- to – UE Capability information mapping
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