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Abstract of the contribution: Discussion and analysis of filtering Radio Capabilities using Vendor assigned UE Capability IDs.
1. Introduction
SA2 has decided to introduce a new NF for the allocation and management of the UE capability ID called UE Capability Management Function (UCMF). This assigns the PLMN-Specific UE capability IDs and also allows the provisioning in AMFs and resolution of the mapping of the IDs to the associated UE Radio Capabilities. In has also been proposed that this function can also help in the provisioning of PLMN-Wide filters (if used in a PLMN) to RAN nodes in that the UCMF could distribute this to the AMFs/MMEs and the AMFs/MMEs could provision this in the RAN using NG-AP/S1-AP. SA2 requested feedback from RAN via an LS whether this could be a reasonable approach to distribution and update of these PLMN-Wide filters to the RAN.

This contribution is discussing how the filtering functionality relates to the UCMF, and Vendor assigned UE capability ID.
2. Discussion
2.1 Definitions - Full and Filtered capability information

For this analysis, we make the following definitions of terminology: 

Full capability information – has not been subject to any filtering. This is the aggregated set of information that corresponds to a UE’s capabilities at any given point in time.
Filtered capability information – A partial capability set that is derived based on a filter provided by the gNB. The filter will define what capabilities the UE will need to report. For example, this can be that it doesn’t need to report its capabilities for a certain frequency band, or some features. It should be noted that in NR, all requests for UE capabilities will include a filter, as defined in 38.331.

The used filter is included in the signalled UE capabilities, and is needed to correctly interpret the information.

Signalling of the full capabilities is not feasible using the UE capabilities information as currently defined. Apart from an expected significant increase in size, the contents of UE capabilities have internal dependencies depending on the applied filtering, i.e. without filtering there is no way to express what capability combinations are possible. To support full capability information a new format would be needed to resolve requirements on capability contents and capability dependencies. The feasibility to specify such new format is for RAN2 analysis.
Observation 1 It is not possible to transfer full capability information in NR in an enquiry-information procedure using currently specified UE capability information format. This is irrespective of any potential limit to amount of capability information that can be transferred. 

gNB-local filter - When filtered capabilities are used, the filter may be either gNB-local, only covering capabilities that is needed in the specific gNB, or it could also cover capabilities needed in other parts of the network.

Regional filter – A filter that is covering all capability information relevant in a geographical region.
PLMN wide filter – A filter that is covering all capability information relevant in any cell in the network.
A gNB-local filter will limit the size of the capability data, but when the UE moves to other cells, the capability information included in the UE context may not cover all relevant information, and the new cell may have to upload the capabilities from the UE again.

A PLMN wide filter on the other hand, may be much larger if there are large differences of capability information needed in different parts of the network.  However, the capabilities included in the UE context will be complete, and there will be no need to upload more if the UE moves.

A regional filter may be a trade-off, since it covers the features that is needed in a larger area, but may be smaller than the PLMN wide filter.

2.2 Format of the UE manufacturer-specific identity.

When the UE manufacturer assigns an ID, this ID can correspond to all the capabilities that a UE can have at any given point in time, i.e., to the “full capability information”. Also, we note that it is not really an option to have the UE manufacturer-specific identity be dependent on a request including a filter, as the UE manufacturer does not in advance know exactly how enquiries in a specific PLMN needs to be filtered.

We can make the following observations: 

Observation 2 A UE-manufacturer-specific identity describing the full capability information requires specification of a new UE capability information format, as this is currently not available.

However, when signaling and storing the UE capabilities in the network, the format defined in 38.331, which mandates that a filter is included, is what is currently available. Also, the full capabilities would include a lot of information that is not useful for a particular PLMN, so the use of filtered capabilities would limit storage need and signaling load within the network.
In the case of Manufacturer assigned ID and mapped UE capabilities for pre-provisioning, the source of full UE capabilities is the UE manufacturer and the final target for use of UE capabilities in current format including a filter is the gNB. At some point a filter defined and provided by the network operator needs to be applied to full UE capabilities information to produce UE capabilities information useful in the network. The input and logic to perform such operation can be done at any point in the “chain”, but there are pros and cons with all options. Filtered UE capabilities operation can be done in:
a) RAN

b) AMF

c) UCMF

d) UE Manufacturer

As the contents of UE capability information is not needed in the AMF, it should preferably be kept transparent in the AMF. RAN needs to interpret UE capability information, but to apply a filter to full radio capabilities would result in larger information size throughout the network and a full capability format including processing logic needs to be specified. 
Observation 3 All UE capabilities signaled to and stored in the gNB and the AMF should be of the same format as described in 38.331, and will thus be filtered capabilities. 

There are different alternatives as to what format to use for the UE Capabilities signaled to/from and stored in the UCMF.

A. UE Vendors will provide full capabilities to the PLMN. The UCMF will filter the UE capabilities with a pre-provisioned filter and provide filtered capability ID mappings to the AMF. 

B. The UE Vendor will be provided with a filter by the PLMN and provide the PLMN with filtered UE capabilities for used Capability ID’s, using the 3GPP standardized format.
If filtered UE capabilities can be provided at provisioning of UCMF, alternative B, the complexity and information size in the 3GPP network would be minimized but it is unclear how the UE manufacturer providing the filtered UE capabilities can apply a filter relevant to the individual PLMNs. Still this would be an option to further investigate as the logic on how filters impact the actual supported UE capabilities also is at the UE manufacturer.
For alternative A, a format is needed to store the full capabilities. Either, a new format is standardized, or different proprietary formats can be used for the different UE vendors. The implementation of the UCMF will be more complex with alternative A. It is therefore proposed that feasibility of alternative B is further analyzed and assumed the preferred solution.

Observation 4 A solution where capability ID mappings received from UE vendors including filtered capabilities, based on filters provided by the Network Operator is proposed to be the further analyzed and prioritized solution.

2.3 Selection of filters

There is nothing that prevents the use of different filters for representing the manufacturer based UE capabilities in the network. If different sets of frequencies are used in different regions, different filters could be used to store and signal the UE capabilities in the different regions. Thus, the UE capability information corresponds to a combination of a Manufacturer allocated UE capability ID and a PLMN specific filter, where different filters can be used in different regions of the PLMN with a common UE capability ID. From a UE point of view, the same UE capability ID is used throughout the PLMN. This may save memory and capacity on internal interfaces. However, this will make database provisioning more complex to manage. If different Regional filters are used in different parts of the network, different UCMF’s could be used in the different regions, each with different versions of the filtered capability ID mappings, but a solution using the same UCMF handling different regional filters can also be possible.
Observation 5 The filter that is used with UE manufacturer-specific capability IDs may be a PLMN wide filter, or regional filters.

3. Conclusion

In section 2 we made the following observations:

Observation 6 It is not possible to transfer full capability information in NR in an enquiry-information procedure using currently specified UE capability information format. This is irrespective of any potential limit to amount of capability information that can be transferred. 

Observation 7 A UE-manufacturer-specific identity describing the full capability information requires specification of a new UE capability information format, as this is currently not available.

Observation 8 All UE capabilities signaled to and stored in the gNB and the AMF should be of the same format as described in 38.331, and will thus be filtered capabilities. 

Observation 9 A solution where capability ID mappings received from UE vendors including filtered capabilities, based on filters provided by the Network Operator is proposed to be the further analyzed and prioritized solution.

Observation 10 The filter that is used with UE manufacturer-specific capability IDs may be a PLMN wide filter, or regional filters.

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

Proposal 1 Further SA2 analysis of a UCMF provisioning solution based on UE vendor provided filtered UE capability information is proposed.
Proposal 2 It is proposed to inform RAN2 and RAN3 that SA2 assumes the currently specified UE capability information format (as defined in 38.331) is used in RACS signaling between RAN and CN.
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