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1. Introduction
After SA2 #130, SA2 has sent an LS [1] to RAN2 asking the following questions about filtering of UE radio capabilities:
Regarding existing RAN-based filtering specified in TS 38.331 (i.e. per list of frequency bands):
SA2 understands that the existing RAN-based filtering mechanisms in NR is primarily intended to minimize the amount of signaling on the radio interface. With this in mind, SA2 would like to understand whether there is any use for such filtering (and generally any filtering of radio capabilities) when RACS is used. SA2 understands a similar mechanism is also available in E-UTRA.
SA2 would further like to understand when filtering is used how an NG-RAN node determines (as of Rel-15) whether or not to require additional UE radio capabilities from the UE i.e. at handover and at connection set-up.
In this contribution, we share our understanding on the filtering of UE radio capabilities applied in R15 and analyze if there is any necessity to support filtering when RACS is used.
2. Discussion
2.1. RAN-based filtering mechanism in NR Rel-15
In NR R15, the UE radio capability filtering is supported, where the network requests the UE capabilities related to certain NR frequency bands. The UE echoes back the requested NR bands in the UE capability. A similar mechanism has been supported also in LTE. The intention of supporting UE capability filtering in NR Rel-15 and LTE is to reduce the signaling on the radio interface.
Observation 1:The intention of supporting UE capability filtering in NR Rel-15 and LTE is to reduce the signaling on the radio interface.
When the RAN-based filtering is applied, gNB filters the capabilities based on the on/off state of supported functions as well as the configuration in the serving cell and neighbour cells. For example, if all the neighbour cells and the serving cell are NR cells, gNB can set the rat-type as “nr” to enquire NR radio capabilities from UE. Similarly, when all the neighbouring cells and the serving cell are in the same frequency, gNB may only enquire the band information in that frequency from UE.
Observation 2: RAN node filters the UE radio capabilities based on the deployment and functions supported  and deployed. 
Upon receiving the UECapabilityEnquiry message, UE includes the corresponding capability information according to the received rat-Type, frequencyBandList and srs-SwitchingTimeRequest. 
UE includes UE-NR-Capability, UE-MRDC-Capability and UE-EUTRA-Capability in separate containers and set the rat-Type in each container correspondingly, compiles a list of "candidate band combinations" only consisting of bands included in FreqBandList, and prioritized in the order of FreqBandList and includes the srs-Switching Times List per the configuration. UE includes the reported band information in the appliedFreqBandListFilter and provides it to network together with the capability information as Well as the set srs-SwitchingTimeRequested via UECapabilityInformation message.
With the appliedFreqBandListFilter, srs-SwitchingTimeRequested and the individual capability container for each RAT as well as the reported capability information, gNB is totally aware that the reported radio capabilities has been filtered and how it is filtered and can then decide whether or not to require additional UE radio capabilities from the UE.
Observation 3: With the appliedFreqBandListFilter, srs-SwitchingTimeRequested and the individual capability container for each RAT as well as the reported capability information, gNB is aware that the reported radio capabilities has been filtered and how it is filtered.
Usually, gNB will filter and enquire the required UE Radio Capabilities in one go at connection set up instead of filtering and triggering UE capability enquiry procedure again and again.
For the handover case, the UE capabilities required in the target cell may be different from that in the source cell as the deployment and functions supported and deployed on the target side may be different. The target cell may need some additional capability information which has not been acquired in the source cell. Thus, a UE capability enquiry procedure with or without filtering is often triggered after handover.
Observation 4: During the handover procedure, the target node can initiate UE capability enquiry procedure if the capability information received from source node is not enough.
2.2. Whether to support filtering when RACS is used
If the RACS is supported, the UE radio capability signaling can be reduced to few octets by transiting the UE capability ID which will be much more efficient in reducing the signaling overhead than the Rel-15 UE capability filtering.
In SA2, a UE Radios Capability Form (URCF) based solution [2], as an evolution of the filtering mechanism, is under discussion. In the URCF based solution, filtering mechanism is applied in combination with RACS in allocating the UE capability ID.


Figure 1. An example of the URCF based solution
As shown in Figure 1, a URCF is provided from AMF to gNB. gNB will trigger a UE capability enquiry procedure if needed and UE will report the requested radio capabilities based on the configured URCF in response. Upon receiving the capability information indicated from gNB, AMF report such information to URCF Management function (UMF) and request UMF to allocate a UE capability ID for that. After receiving the allocated UE capability ID, AMF will indicate this ID to gNB who will then forward the ID to UE. When the UE capability enquiry procedure is triggered next time based on the same URCF, UE can report the UE capability ID instead of the detailed radio capabilities.
With the application of the above procedure, a UE capability ID will be linked to a set of UE capabilities which have been filtered based on the URCF. Every time the URCF version is changed, a new capability ID will be allocated. In this way, we have to take the number of the URCF versions or types into consideration when evaluating the size of the UE capability ID. Interactions between UE and network nodes are required for capability ID update when the URCF is changed, making it quite complicated to handle the UE capability ID signaling.
In addition, SA2 has the following interim conclusions:
AMF that supports the RACS feature is mandated to have access to full set of UEs radio capabilities and the mapping between UE Capability ID and corresponding UE radio capabilities for at least the UEs registered in this AMF;
In my understanding of the highlighted interim conclusion, a full set of UE capabilities will anyway be provided to AMF. We can simply link each full set of UE capabilities to a UE capability ID. 
For example, if the UE capability ID is assigned by the PLMN, the full set of radio capabilities can be provided to the network during the admission test and a corresponding UE capability ID will be allocated by the network. 
If the UE capability ID is assigned by the UE manufacturer, the UE Capability ID accompanied with the UE manufacturer information (e.g.TAC field in the PEI) uniquely identifies a full set of UE Radio Capabilities for this manufacturer, and together with this UE manufacturer information uniquely identify this full set of UE Radio Capabilities in any PLMN. 
The mapping dictionary will be stored in both AMF and RAN node per SA2’s conclusions. UE can report its capability ID during registration or UE capability enquiry procedure. Even though gNB only wants a subset of all the capabilities, there is no harm if the full set is provided by signaling the UE capability ID.
With the above analysis, we have the following observation:
Observation 5: RAN-based filtering is not applicable to the UE capability ID (i.e. UE capability ID should always refer to a full set of UE capability without filtering).
A reply LS [3] has been drafted based on the above analysis, understanding and observations about RAN-based filtering.
Proposal 1: Agree the draft reply LS [3] and send it to SA2.
3. Conclusion and proposals
With the above analysis, we have the following observations:
Observation 1:The intention of supporting UE capability filtering in NR Rel-15 and LTE is to reduce the signaling on the radio interface.
Observation 2: RAN node filters the UE radio capabilities based on the deployment and functions supported  and deployed. 
Observation 3: With the appliedFreqBandListFilter, srs-SwitchingTimeRequested and the individual capability container for each RAT as well as the reported capability information, gNB is aware that the reported radio capabilities has been filtered and how it is filtered.
Observation 4: During the handover procedure, the target node can initiate UE capability enquiry procedure if the capability information received from source node is not enough.
Observation 5: RAN-based filtering is not applicable to the UE capability ID (i.e. UE capability ID should always refer to a full set of UE capability without filtering).
A reply LS [3] has been drafted based on the above observations about RAN-based filtering:
Proposal 1: Agree the draft reply LS [3] and send it to SA2.
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